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Abstract
There has been a rapid expansion in the knowledge of paediatric gastroenterology over the recent decade, with a fast-growing repertoire of diagnostic techniques and management strategies for a wide spectrum of childhood gastrointestinal (GI) diseases. Paediatric GI endoscopy is a core competency every paediatric gastroenterologist should possess, and represents one of the most common procedures performed in children for both diagnostic and therapeutic purposes. Yet there remains a dearth of literature on the utility and outcomes of paediatric GI endoscopy in the Asia-Pacific region. Data on the diagnostic value of paediatric GI endoscopy would be an important aspect of discussion, with the emergence of inflammatory bowel disease (IBD) and eosinophilic GI disease as increasingly common endoscopic diagnoses. Time-based trends in paediatric GI endoscopy do point towards more IBD and gastroesophageal reflux disease-related complications being diagnosed, with a declining incidence of GI bleeding. However, the real-world diagnostic value of endoscopy in Asia must be contextualised to the region-specific prevalence of paediatric GI diseases. Helicobacter pylori infection, particularly that of multidrug-resistant strains, remains a highly prevalent problem in specific regions. Paediatric functional GI disorders still account for the majority of childhood GI complaints in most centres, hence the diagnostic yield of endoscopy should be critically evaluated in the absence of alarm symptoms. GI therapeutic endoscopy is also occasionally required for children with ingested foreign bodies, intestinal polyposis or oesophageal strictures requiring dilation. Endoscopic haemostasis is a potentially life-saving skill in cases of massive GI bleeding typically from varices or peptic ulcers. Advanced endoscopic techniques such as capsule endoscopy and balloon-assisted enteroscopy have found traction, particularly in East Asian centres, as invaluable diagnostic and therapeutic tools in the management of IBD, obscure GI bleeding and intestinal polyposis. State of the art endoscopic diagnostics and therapeutics, including the use of artificial intelligence-aided endoscopy algorithms, real-time confocal laser endomicroscopy and peroral endoscopic myotomy, are expected to gain more utility in paediatrics. As paediatric gastroenterology matures as a subspecialty in Asia, it is essential current paediatric endoscopists and future trainees adhere to minimum practice standards, and keep abreast of the evolving trends in the diagnostic and therapeutic value of endoscopy. This review discusses the available published literature on the utility of paediatric GI endoscopy in Asia Pacific, with the relevant clinical outcomes.
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Core Tip: Paediatric gastrointestinal (GI) endoscopy has gained traction in Asia as an invaluable tool in the diagnosis and management of chronic GI diseases of current and emerging epidemiological importance. Yet the lack of consensus guidelines and heterogeneity in clinical practice, variability in the referral patterns, healthcare access and prevalence of diseases across the Asian continent, inevitably leads to a wide variance in outcomes for different endoscopic modalities. There is a need for comprehensive and accreditable paediatric endoscopy training in Asia, so that endoscopists adhere to a minimum practice standard and are adequately trained to apply diagnostic and therapeutic endoscopic techniques appropriately and competently.

INTRODUCTION
Gastrointestinal (GI) symptoms remain a common presenting feature of various ailments in childhood, and the advent of modern GI diagnostic and therapeutic techniques have allowed centres across Asia to utilise GI endoscopy early in the evaluation of a child with suspected GI disease. There remains a lack of consensus statements and guidelines on the utility of paediatric GI endoscopy in the Asian context, leading to a lack of consistency in clinical practice and highly variable clinical outcomes between centres[1]. The epidemiological situation in Asia is unique as rapidly evolving disease trends occur amidst changing lifestyle and environmental factors: Paediatric inflammatory bowel disease (IBD) is of rapidly emerging importance[2], yet its early diagnosis is often complicated by the relatively high prevalence of GI infections such as intestinal tuberculosis[3] and other infectious diseases in certain endemic regions. Helicobacter pylori (H. pylori) has fallen in prevalence in developed regions of Asia but remains a highly prevalent pathogen in association with peptic ulcer disease and gastric cancer in other regions[4]. There is increasing awareness and knowledge of the role of the gut-brain-axis in disorders of gut-brain interaction or functional GI disorders[5], prompting interest in the actual diagnostic yield of GI endoscopy in childhood abdominal pain syndromes. While Asia remains vastly heterogeneous in socioeconomic status, access to early endoscopy and advanced endoscopy techniques has greatly improved, and has enhanced both the diagnostics and therapeutics in various chronic paediatric GI ailments such as IBD, intestinal polyposis syndromes, varices in portal hypertension and GI strictures.

DIAGNOSTIC ENDOSCOPY
Time-based trends in paediatric endoscopy in Asia: More IBD and gastroesophageal reflux disease-related complications
Improved healthcare access and the maturation of paediatric gastroenterology as a specialty has contributed to the rapid rise in endoscopies performed in children[6]. There are few paediatric endoscopy consortiums within Asia, with most of the published experience coming from East Asian centres. Data from the Japan Paediatric Endoscopy Society demonstrated a five-fold increase in the number of paediatric endoscopies performed in the latest survey in 2011-2016 vs 2000-2004, an increase in advanced endoscopies such as endoscopic retrograde cholangioscopies and balloon-assisted enteroscopies, with a slight rise in adverse events (0.25% from 0.03%) inevitably so from increased procedural complexity[7]. A retrospective review of children undergoing upper GI endoscopy at the Children’s Hospital of Philadelphia (CHOP) demonstrated a rapid rise of first-time endoscopes from 107 in 1985 to 1294 in 2005[8]. Interestingly this same study also showed a decline in the proportion of GI bleeding (34% to 5%), a decline in both the overall clinical severity of cases and corresponding endoscopic and histological abnormalities, and yet a rise in the proportion of upper GI endoscopies done for abdominal pain (23% to 43%)[8]. It begets the question if centres are performing more endoscopies in otherwise healthy children, hence the need to examine the diagnostic yield of paediatric GI endoscopies and the impact on clinical management.
There are very limited publications comparing trends in paediatric endoscopy within Asia, to contrast with the aforementioned North American data. In contrast to the significant fall in oesophageal histological abnormalities detected in the CHOP study, a Japanese paediatric study demonstrated a significant rise in the proportion of erosive oesophagitis (9.8% to 18.1%) or endoscopic Barrett’s oesophagus (2.5% to 9.6%) between eras 2005-2012 to 2013-2019[9]. It is postulated by the authors that this trend is related to dietary changes and the decreasing prevalence of H. pylori amongst the Japanese population. Published adult data from Japan[10] and Malaysia[11] also clearly demonstrates the decline in peptic ulcers and associated upper GI bleeding, with rates of gastroesophageal reflux disease (GERD) increasing on the contrary.
A single centre in Beijing shows a statistically significant rise in the number of colonoscopies performed amongst the 0-3 year age group, from the era 2005-2011 to 2012-2017 (3.0% to 14.1%, P < 0.001) but no significant change in diagnostic yield rates between the two eras (36.3% to 38.2%)[12]. The proportions of IBD and colonic polyps detected did not differ between the two eras. A paediatric South Korean cohort study in Busan, however did show a substantial rise in colonoscopies from 2001-2005 to 2011-2015 (200 to 746)[13], with trends in indications somewhat mirroring those in the CHOP study. The number of colonoscopies performed for abdominal pain increased from 27.5% to 43.7%, while those performed for haematochezia fell from 56.0% to 42.5%. There was an actual rise in diagnostic yield with the proportion of Crohn’s disease diagnosed doubling from 13.5% (2001-2005) to 26.8% (2011-2015). This is consistent with the rapid rise in paediatric IBD incidence observed in South Korea[14] and the rest of Asia[2].

Diagnostic yield varies widely according to referral indication and regional disease prevalence
Tables 1 and 2 describe the overall diagnostic yield in upper and lower endoscopies (follow-up endoscopies excluded unless stated otherwise). The positive endoscopic yield varies substantially between centres: Between 45%-93% for upper endoscopies (Table 1) and correspondingly 43%-85% (Table 2) for lower endoscopies. The large variability in the diagnostic yields is clearly multifactorial, from varying referral patterns and referral indications, regional differences in disease prevalence and healthcare resource allocation between centres. For instance, in single-centre studies out of Malaysia[15] and India[16], abdominal pain/dyspepsia were indications for just 13.4% and 17.4% of upper GI endoscopies respectively, while upper GI bleeding and variceal surveillance were more common indications. This is in contrast to other cohorts e.g., the North American CHOP[8] and the South Korean cohort[17], where abdominal pain/dyspepsia were the most common indications (43%-64% of upper GI endoscopies) and upper GI bleeding being far less prevalent. These differing trends in GI bleeding rates could be attributed to varying prevalence in H. pylori-associated gastroduodenal ulcer disease and upper GI haemorrhage[10], variability in healthcare access, timeliness of referrals for biliary atresia and other childhood liver diseases. Resource-scarce centres also likely prioritise allocation of endoscopy resources for GI emergencies, typically acute GI bleeding, rather than uncomplicated abdominal pain.

Childhood H. pylori infection remains a highly prevalent problem in Southeast Asia and South/West Asia
It must be emphasised that the vast Asian continent is both economically and culturally heterogenous: Peptic ulcerations and H. pylori still remain fairly common in certain regions. Jordanian data from 2014-2020 showed H. pylori accounted for 66.1% of all abnormal upper GI endoscopies in children[18]; an earlier Israeli paediatric study showed 22.5% of all upper GI endoscopies had peptic ulcerations, of which 66.3% of these were H. pylori positive[19]. The global trend of increasing antimicrobial resistance in H. pylori[20] hinders the implementation of eradication strategies in these regions with high H. pylori prevalence. Vietnam has a very high H. pylori prevalence rate (> 75%) associated with the highest prevalence of gastric cancer in Southeast Asia[4]. A study of 237 symptomatic Vietnamese children undergoing upper GI endoscopy for suspected H. pylori-associated gastroduodenal disease showed 80.6% and 71.7% of H. pylori isolates were resistant to clarithromycin and amoxicillin respectively[21]. These figures place Vietnam as one of the regions with the highest rates of H. pylori antimicrobial resistance, and emphasises the added importance of upper GI endoscopy to obtain biopsies for a culture and antimicrobial sensitivity-based eradication strategy. This has implications on the feasibility of healthcare access and early endoscopy, as H. pylori is typically most prevalent in regions of lower socioeconomic status.

Paediatric IBD: A rapid rise in prevalence with possibly many more undiagnosed cases
While IBD was once considered uncommon in Asia, an emerging number of paediatric publications have documented its meteoric rise in prevalence[2,14] as alluded to earlier. Table 2 describes IBD detection rates between 14%-40% of all abnormal paediatric colonoscopies performed in Asia, emphasising the importance of IBD as an endoscopic diagnosis. Of note, ‘non-specific colitis’ accounts for a substantial 8%-27% of all abnormal colonoscopic findings across most published studies. It is highly plausible that these unspecified cases may evolve into a more definite diagnosis of IBD on follow-up investigations: These published IBD rates underestimate the true burden of IBD in Asia and may just represent the tip of the iceberg. Paediatric-onset IBD typically has less classical endoscopic features and more subtle histologic findings[22] compared to adult-onset disease, often prompting a diagnosis of ‘indeterminate colitis’[23] or ‘IBD-unclassified’.
Intestinal tuberculosis, while often considered as an important differential to IBD, was far less common a colonoscopic diagnosis than IBD, even in regions with high tuberculosis burden. Intestinal tuberculosis accounted for 1.5% cases vs 14.1% IBD and 27.0% non-specific colitis in a Mainland Chinese paediatric cohort[12]; a Kuwaiti study showed Intestinal tuberculosis in 1.2% vs IBD in 21.3% of children undergoing colonoscopy[24]. There is a paucity of epidemiologic data from the Indian subcontinent, where the world’s tuberculosis burden is the highest. An Indian publication in 1991 described a cohort of 72 Indian children undergoing colonoscopy: Tuberculous colitis was seen in 2.7%, ulcerative colitis in 5.5% and amoebic colitis in 1.3% of cases[25]. A more recent Bangladeshi study of 332 children undergoing colonoscopy showed intestinal tuberculosis in 1.5% vs IBD in 6% and nonspecific colitis in 13.6%[26]. It is not detailed in the aforementioned studies how intestinal tuberculosis is reliably distinguished from IBD, and this distinction remains a diagnostic challenge especially in India. A therapeutic trial of empirical anti-tuberculous therapy is still often practised in cases of diagnostic uncertainty[3].

[bookmark: _Hlk132122394]Paediatric eosinophilic GI disease
There is little published data on the actual prevalence of eosinophilic GI diseases (EGIDs) in Asia, although it is believed the incidence of EGIDs will rise in tandem with the rise of allergic disorders[27]. Symptoms may mimic GERD especially in infants and young children, to recurrent dyspepsia, dysphagia and/or food impaction in the older child. The diagnosis of an EGID hinges greatly on histological findings of significant tissue eosinophilia (> 15 eosinophils per high power field) in the absence of other attributable causes. The increasingly widespread empirical use of proton-pump inhibitors in children[28,29] may reverse the tissue eosinophilia in a subset of patients with acid suppression-responsive EGID[30], further complicating the diagnostic process. Nevertheless, a short finite trial of acid-suppression is still deemed reasonable, with upper GI endoscopy and/or pH-impedance testing reserved for those refractory to empirical treatment or for those who cannot be weaned off acid-suppressive therapy[31].
In a fairly large study of 910 South Korean children presenting with symptoms of oesophageal dysfunction (vomiting, dysphagia, persistent reflux), 1.5% was diagnosed with eosinophilic oesophagitis (EoE) and 1.3% with eosinophilic gastroenteritis. 30.8% of patients with EGID had normal macroscopic findings, stating the importance of performing biopsies on even normal-appearing segments. The authors commented that the incidence of EoE was similar to a previous Japanese study but much lower than 10%-15% incidence in Western cohorts[32]. A multi-centre study in Japanese children undergoing colonoscopies by Nambu et al[33] showed EGIDs accounted for a substantially high proportion (23.0%) of the diagnoses followed by IBD (19.0%), but the authors had included food allergies and food protein-induced proctocolitis within the spectrum of EGIDs. Future studies are required to see if the incidence of EGIDs in Asia would mimic the rising trend seen with IBD.

Low diagnostic yield of endoscopy in uncomplicated abdominal pain
While paediatric endoscopy has high value in the diagnosis and management of IBD, H. pylori and EGIDs, most children with GI complaints have a non-organic aetiology yet the prevalence of functional GI disorders in Asian children is largely unknown and seldom described. Functional constipation was the most common condition identified in otherwise healthy Vietnamese (5.6%) and Mainland Chinese (7.0%) children between 7-48 mo of age[34,35]. Recurrent abdominal pain and dyspepsia in children is far more likely to be of a functional aetiology than in adults, prompting one to question the necessity and cost-effectiveness of invasive investigations. El-Matary et al[36] evaluated a cohort of 103 British children fulfilling Apley’s original criteria of recurrent abdominal pain, via a series of blood, stool, imaging investigations with endoscopy done as clinically indicated. Approximately 70% of these children had a non-organic aetiology to their abdominal symptoms, with irritable bowel syndrome being the most common diagnosis. This study was conducted within a hospital setting, and it is likely that the actual prevalence of paediatric functional GI disorders would be much higher if the study were to be repeated in a community setting.
The diagnostic yield of paediatric GI endoscopy in childhood abdominal pain varies widely between published cohorts (Table 1), depending on the referral indication, presence of alarm symptoms[37] and/or index of suspicion guided by abnormal biochemistry (e.g., coeliac serology) or imaging pre-endoscopy. Moreover, the definition of a ‘positive diagnostic yield’ can be debatable as positive endoscopic pathology does not equate causality of symptoms e.g., H. pylori infection is often asymptomatic and may be an ‘innocent bystander’ in children with functional abdominal pain[38], especially in the high-prevalence areas. An Israeli study of 329 children undergoing endoscopy for various indications (abdominal pain, diarrhoea, failure to thrive, short stature and iron deficiency anaemia) showed only 36% of children with abdominal pain had a diagnostic finding on endoscopy; if the child had abdominal pain in association with an objective test e.g., positive coeliac serology and/or iron deficiency, the diagnostic yield would be more than 50% while those with subjective symptoms of nausea and constipation would have a positive yield in less than 25%[39]. A Hong Kong-based cohort of 80 children, fulfilling the Rome III criteria of functional dyspepsia and undergoing upper GI endoscopy, showed only 6.3% had ulcerations or erosions. There was a strongly positive correlation between alarm features e.g., nocturnal pain and endoscopic findings[40]. These findings suggest that a risk stratification strategy, combining a clinical assessment for alarm features and the use of non-invasive objective tests, would be potentially helpful in discerning those who would benefit most from diagnostic endoscopy. An example would be the stool calprotectin assay, which is now commonly used globally as a highly sensitive stool biomarker for gut inflammation, both in the diagnosis and monitoring of IBD[41,42].

Advanced paediatric GI endoscopy in Asia
Advanced endoscopy techniques such as video capsule endoscopy (VCE) and balloon-assisted enteroscopy (BAE) can enhance diagnostics especially for obscure small bowel pathology, which would otherwise be inaccessible with standard endoscopy. VCE has been approved in children as young as 2 years old since 2009[43] and remains one of the commonly used modalities to complement standard endoscopy findings or when standard endoscopy has been non-diagnostic. Much of the published Asian experience with VCE has been from large East Asian (China[44], Japan[45] and South Korea[46]) adult and paediatric cohorts. A large Mainland Chinese cohort of 825 children in a single paediatric IBD centre underwent VCE for the main indication of abdominal pain (61.2%) followed by anaemia (17.0%)[44]. The authors noted a much higher diagnostic yield (55.6%) primarily of Crohn’s disease-related small bowel pathology, compared to previous studies for similar indications quoting 20%-28%[47,48]; this was ascribed to a higher referral load of suspected IBD patients, further emphasising the strong influence of referral indications on published yields. Other typical VCE findings included idiopathic small bowel ulcers, intestinal polyps, lymphangiectasia and vascular malformations.
While the experience of VCE in adult cohorts has been for obscure GI bleeding, VCE has gained increasing utility for the pan-enteric evaluation of IBD[49]. VCE can be utilised as a non-invasive first-line modality in suspected IBD cases after a patency capsule test, followed by confirmatory endoscopy. VCE may also be advantageous in detecting early mucosal healing in IBD disease monitoring. A Korean paediatric study of Crohn’s disease found VCE to be more sensitive than magnetic resonance enterography in detecting mucosal healing and early therapeutic response in the first year post diagnosis[50]. Other indications for VCE include the surveillance of intestinal polyposis, particularly in Peutz-Jeghers’ syndrome where small bowel polyps have been known to form a lead point for small bowel intussusception. The use of VCE facilitates the planning of BAE for definitive small bowel polyp clearance[51].
As observed with studies of VCE, much of the published Asian paediatric experience with BAE are from East Asian cohorts[52-54]. Of note, these cohorts may include a varying number of patients undergoing balloon-assisted endoscopic retrograde cholangioscopes primarily for therapy of biliary stenoses. BAE complements the diagnostic value of VCE by providing the means to obtain histological samples and provide therapeutic intervention. Hagiwara et al[54] described a multi-centre study of 96 BAEs (both antegrade and retrograde) in 79 paediatric patients. The main indications were for follow-up of IBD, obscure GI bleeding, abdominal pain, and therapy of hereditary polyposis syndromes. The positive diagnostic yield in obscure GI bleeding and abdominal pain was 48%. There were higher reported diagnostic yields of approximately 77% for similar indications in the mainland Chinese paediatric cohorts[53,55], but this variation can be explained by differing referral indications as aforementioned.

State of the art advanced endoscopic diagnostic techniques
While most of these techniques are not in mainstream use at most Asian-Pacific paediatric gastroenterology centres, they are worth discussing in brevity as recent publications have discussed their utility in enhancing current paediatric GI diagnostics.

Transnasal endoscopy: This technique would be useful especially in children with EoE as they commonly require multiple upper GI endoscopies for mucosal surveillance[56]. Transnasal endoscopy may be done as an unsedated office procedure with topical pharyngeal anaesthesia, and significantly save time, costs and endoscopy resources.

Mucosal impedance: This technique measures transmucosal conductivity and thus the mucosal integrity of the oesophageal mucosa, via a catheter containing very closely spaced impedance sensors resting close to the mucosa wall. This catheter is inserted through the working channel of a standard upper GI scope, such that the sensors rest directly on the oesophageal mucosa. This has advantages over standard 24-h pH impedance studies, by directly measuring the barrier function of the oesophageal mucosa in a matter of seconds while the child is sedated[57]. Mucosal impedance can be used to discern between GERD, EoE and non-GERD conditions, as well as to monitor treatment response/disease activity in GERD and EoE[58,59].

[bookmark: _Hlk132122899]Endoluminal functional lumen imaging probe: Endoluminal functional lumen imaging probe (EndoFLIP) is another adjunct technique to measure oesophageal luminal dimensions, distensibility, pressure changes and motility[60], typically while the child is sedated for standard upper GI endoscopy. It involves insertion of a sensor balloon-mounted catheter transorally, and inflating the balloons within the oesophageal and gastric lumens. While high resolution oesophageal manometry is the current gold standard in the assessment of oesophageal function, it is potentially uncomfortable and requires the child to cooperate with swallowing during the manometry. EndoFLIP has utility in the assessment of patients with GERD, EoE[61] and achalasia, as well as patients experiencing persistent symptoms post fundoplication.

[bookmark: _Hlk132122966]Confocal laser endomicroscopy: Confocal laser endomicroscopy is an endoscopic technique that allows for high-resolution histological examination of the GI mucosa at the cellular level. Besides its obvious utility in real-time detection of neoplastic lesions in adults, the group at Sheffield Children’s Hospital, United Kingdom has described its usefulness as a biopsy-free method of assessing mucosal pathology in enteropathies, EoE, ileo-colitis and polyposis[62]. This enhances the diagnostic accuracy of GI endoscopy, and reduces the time, risks and costs associated with multiple GI mucosal biopsies.

Artificial intelligence and machine learning in endoscopic diagnostics: Patel et al[63] recently reviewed the potential application of artificial intelligence (AI) in paediatric GI pathologies. The aim of utilising machine learning, a form of AI, is to at least semi-automate the process of macroscopic pathology and pattern recognition, which would otherwise be subject to the endoscopist’s individual expertise and experience. In paediatrics, AI could potentially automate the process of accurately classifying macroscopic disease severity and extent in IBD and celiac disease, as current endoscopic scoring systems are often time-consuming and subjective. Current AI research in adults is driven by the need for accurate polyp detection: Early published data of the computer-aided detection EYE system demonstrates its AI driven algorithm detects and classifies polyps with excellent sensitivity and specificity[64]. AI would play a major role in standardising endoscopy outcomes across different endoscopists of varying experience levels, especially in units with rotating trainees.

THERAPEUTIC ENDOSCOPY
Foreign body removal
Foreign body ingestion is a common presentation in the ambulatory and emergency department settings. The exploratory behaviour and normal development of young infants and toddlers lead these kids to accidentally grasp and ingest foreign objects. The common age group usually ranges between 6 mo to 6 years[65]. The initial manifestation can range from asymptomatic to significant GI symptoms (drooling, dysphagia, vomiting, obstructive symptoms), coughing, choking, severe respiratory distress, or even death[66,67]. One of the largest cohorts from China reported 1265 children (aged 6 mo to 16 years) admitted with a history of foreign body ingestion, of which 552 (43%) children had detected foreign bodies from endoscopies. The two most common objects were coins (49%) and non-metallic sharp objects (31%)[66]. A systematic review also noted that the coin was the most frequently ingested object in the paediatric population[68]. In contrast to most reports, a medical record review in 105 Iranian children, the button battery was the most commonly found object in 41%[69]. The types of foreign body vary between different countries and geographic locations, that may be likely due to diverse sociocultural and dietary factors[70]. Another study from Khorana et al[67] from northern Thailand included 194 patients aged < 15 years (median age of 44 mo) found that most were symptomatic (56%), with vomiting as the commonest complaint. The most common location of impacted foreign bodies was in the oesophagus (37%), similar to most previous reports[68]. Plain radiography can usually confirm the location, size and shape of most radiopaque objects (such as coin, magnets, safety pin, etc.), but has little diagnostic value for radiolucent objects such as plastic toys, fishbone, or woods. Contrast studies or computed tomography scans may be needed to locate the radiolucent foreign bodies before deciding on the further management.

Timing of foreign body removal: As most of the ingested objects were coins, which were mostly considered as small and blunt objects, spontaneous passage usually occurred[67,71]. However, endoscopic intervention or even surgical exploration may be needed in some cases especially individuals with symptoms or complications. The timing of endoscopic intervention in paediatric foreign body ingestion has been proposed in various guidelines published from various scientific societies, namely the European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN)/European Society of Gastrointestinal Endoscopy (ESGE)[71], and the North American Society of Paediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) Endoscopy Committee[72]. The proper timing of endoscopy is mainly based on 3 key factors: The type of ingested objects, the location, and the presence of symptoms. Types of common foreign bodies are button batteries, magnets, sharp objects, long objects, absorptive objects, drug packets, impacted food boluses, and coins.

Button batteries: During the past few decades, major concerns with button battery ingestion have been raised as the integrity of the strong alkali-containing battery can be degraded and cause severe caustic injury to the GI mucosa, especially the oesophagus (i.e., a hollow organ with small lumen). A cohort from the United States reviewing 8648 cases of button and cylindrical battery ingestions, occurring between 1990-2008, found 73 cases with major adverse outcomes (0.8%), including prolonged compromise of feeding and/or breathing that required surgical procedures, tube feedings, tracheostomies. There were 13 deaths (0.15%) related to damage to the oesophagus, major vessels, and/or the airway[73]. Huang et al[74] from China reported children with inhaled/ingested button batteries and found that 13 of 116 (11%) cases had button batteries either in the oesophagus or stomach (n = 6 and 7, respectively). One child developed an oesophageal stricture and another one died from sudden cardiac arrest during the perioperative period. A recent Position Paper from ESPGHAN proposed 2 major strategies in the diagnosis and management of button battery ingestion in children. This includes: (1) Computed tomography scan to evaluate injuries to the adjacent organs and blood vessels before endoscopic removal if ingested > 12 h even in asymptomatic children; and (2) Honey (in children > 1 year of age) and sucralfate can be considered in ingestions < 12 h while waiting for endoscopic removal[75].

Endoscopic techniques of foreign body removal: Conventional flexible endoscopy is a safe and effective tool for removing most foreign bodies from the GI tract. A high success rate is found when using retrieval nets, polypectomy snares, and the rat-tooth forceps[71]. Opasanon et al[76] reported 34 Thai patients with upper GI tract foreign bodies and found that removal was successfully performed in all cases with either rat-tooth forceps, snare, dormia basket or tripods with no procedure-related complications.

Device-assisted enteroscopy for foreign body removal: The challenging cases in paediatric foreign body ingestion are typically the ones with objects beyond the reach of the conventional endoscope, i.e., the depths of the small bowel in the jejunoileal area. Adult-based ESGE guidelines on small bowel endoscopy and device-assisted enteroscopy strongly recommend enteroscopy as an alternative to surgery for retrieving foreign bodies retained in the small bowel in patients without acute intestinal obstruction[77]. Device-assisted enteroscopy refers to any adjunct device used to assist endoscopic advancement into the small bowel (balloon, overtube, stiffening device). As with the use of BAE as an advanced diagnostic tool discussed earlier[54], age- and weight-appropriate device-assisted enteroscopy may be used for foreign body removal and other therapeutic applications within the small bowel.

Haemostasis of GI bleeding
GI bleeding can be divided into upper GI and lower GI bleeding. Upper GI bleeding is defined as bleeding from the GI tract proximal to the ligament of Treitz, while lower GI bleeding is bleeding occurring distal to the aforementioned ligament. Upper GI bleeding can also be further divided into non-variceal bleeding and variceal bleeding which may (or usually) need haemostatic intervention (Figure 1A). On the other hand, for the paediatric population, lower GI bleeding rarely needs endoscopic intervention in the colon or distal small bowel mainly because of the 3 following reasons: (1) Most of the severe GI bleeding occurs up in the upper GI tract; (2) Acute colonic bleeding in children usually stops spontaneously; and (3) Various common aetiologies such as Meckel’s diverticulum, intussusception, colitis from infection, inflammation or allergy, or anal fissures rarely need endoscopic intervention to stop bleeding. One of the few exceptions being endoscopic polypectomy for juvenile (colonic) polyps which usually present in a non-urgent setting. After initial haemodynamic stabilization consisting of judicious fluid resuscitation and, if necessary, blood product replacement, endoscopic haemostatic intervention for the lesions causing GI bleeding would need to be justified based on the site and type of the lesion, patient’s underlying disease and resource availability/procedural feasibility in conjunction with the potential contraindications.

Haemostasis for acute upper GI bleeding: Non-variceal and variceal bleeding: ESPGHAN/ESGE guidelines suggest early oesophago-gastroduodenoscopy within 12 h in cases presenting with acute upper GI bleeding that require ongoing circulatory support, or those presenting with large volume haematemesis or melena (weak recommendation and low quality of evidence, but a strong recommendation and moderate quality of evidence in cases with a known history of oesophageal varices)[71]. Most recommendations with regards to upper GI bleeding have been adopted from previous adult-dominated studies. An oesophago-gastroduodenoscopy should also be performed in cases with bleeding that require packed red blood cell transfusion due to a haemoglobin value below 8 g/dL and an acute drop of at least 2 g/dL, or a bleeding clinical severity index score above a defined validated threshold such as the Sheffield Scoring System[78]. Furthermore, endoscopy should be performed before discharge from hospital, in children with pre-existing liver disease or portal hypertension.

Endoscopic haemostatic techniques for non-variceal lesions: Overall, lesions causing non-variceal upper GI bleeding such as bleeding ulcers or Dieulafoy lesion should use either thermal techniques such as heater probe, bipolar probe or mechanical techniques such as haemostatic clips, with/without epinephrine injection for controlling bleeding[71,79]. Yabe et al[80] reported 36 Japanese children with upper GI bleeding from gastroduodenal ulcers (50%) or gastritis (26%), and 14/36 (39%) underwent haemostatic intervention [clips (n = 12), hypersaline and epinephrine injection and coagulation therapy (n = 1), pure ethanol injections (n = 1)] with 100% initial success rate. Rebleeding occurred only in one patient who was initially treated with ethanol injections.

Endoscopic haemostatic techniques for variceal bleeding: For oesophageal varices, Zargar et al[81] demonstrated that endoscopic variceal band ligation is more effective than sclerotherapy in 49 Indian children with extrahepatic portal vein obstruction and variceal bleeding. Band ligation required fewer endoscopic sessions [3.9 (SD 1.1) vs 6.1 (SD 1.7) times for sclerotherapy] and had lower rates of rebleeding (4% vs 25%)[81]. Since then, studies comparing the efficacy of banding with sclerotherapy in children are sparse. A recent Cochrane Review was initially planned to analyse randomized controlled trials (RCTs) but was eventually unable to find any RCTs comparing band ligation vs sclerotherapy as primary variceal prophylaxis (i.e., preventing the first variceal bleeding episode in children with oesophageal varices) in children with chronic liver disease or portal vein thrombosis[82].

Polypectomy
The technique of polypectomy is based on the location, morphology, and size. The ESPGHAN guideline suggests using cold biopsy forceps for small polyps (< 3 mm), hot or cold snaring in polyps diameter 3-8 mm, and hot snaring in the larger polyps[71]. However, hot biopsy forceps induce larger histopathological lesions, increased necrotic depth and submucosal inflammation in a pig’s colon model[83], and more cytological artefacts[84]. A retrospective study in 91 Korean children, who underwent endoscopy to find polyps, found that polyp size was the one single factor associated with the presence of any polyps located proximal to the splenic flexure [odds ratio = 2.3, 95% confidence interval (CI): 1.3-4.3]. Polyps proximal to the splenic flexure and sessile morphology were associated with the presence of any adenomatous polyp. Therefore, the authors concluded that a full colonoscopy remains crucial before the occurrence of complications[85]. Another study from Thailand investigated 32 patients with symptoms of colorectal polyps such as haematochezia, rectal mass, or diarrhoea. Most (20/32, 63%) had a single polyp, 6/32 had 2-4 polyps, and a minority (6/32) was diagnosed with polyposis coli. Most had polyps in the rectosigmoid region and only 6 cases had polyps proximal to the splenic flexure. All had pathologically confirmed juvenile polyps without adenomatous changes, which demonstrated an absence of malignant potential[86].

Oesophageal dilation
Dilation of the oesophagus is indicated when symptoms of oesophageal stricture/stenosis occur. Various causes include congenital anomalies, post caustic ingestion, EoE, and GERD[87]. Symptoms of oesophageal stricture include dysphagia, odynophagia, food bolus impaction, vomiting and poor oral intake. Nowadays, the 2 main options for oesophageal dilatation in oesophageal stricture are balloon dilation and bougie dilation.
Balloon dilation (Figure 1B) can be safely performed under both the direct endoscopic and/or fluoroscopic examinations, while most of the bougie dilations are Savary-Gilliard bougies that could dilate up to 12 mm in children age < 5 years and 15 mm in older children. The “rule of 3” has been widely used as dilation to not more than 3 times the stricture diameter with a minimal period of 3 wk between dilation sessions and an average of 3 sessions in total[88,89]. Lan et al[90] reported 75 children from Hong Kong with oesophageal strictures [post-oesophageal atresia repair (n = 63), reflux esophagitis (n = 7), caustic ingestion (n = 3) and post-fundoplication (n = 2)], who underwent a total of 260 balloon dilations (mean number of 3.4 sessions per patient). Four oesophageal perforations (1.5%) were noted, with one child required surgical repair; all other patients were asymptomatic after the dilation sessions. Balloon dilation has been reported to be more effective and less traumatic than the bougie dilation, but a study from India reported comparable complications (perforations of 0.9%)[89], and a recent study from China reported a high perforation rate of 4.4% in children undergoing oesophageal balloon dilation[91]. The aforementioned study also reported only a 60% success rate, and found that stricture length was the main determining factor of treatment outcome. Therefore, a universally-agreed dilation choice remains controversial. Furthermore, oesophageal stent placement, intralesional mitomycin C or steroid injections have also been used in refractory oesophageal strictures in children[92].

Bowel preparation of ileocolonoscopy
Low volume bowel preparations preferred: Ileocolonoscopy is an established diagnostic and therapeutic tool in a variety of GI disorders. The optimal bowel preparation is an important key success factor in paediatric ileocolonoscopy[93]. While standardised bowel preparation protocols remain unavailable[94], more recent recommendations propose low-volume preparations using either polyethylene glycol (PEG)[95] along with ascorbate or sodium picosulfate magnesium citrate (SPMC)[71]. The preferable regimen in standard clinical practice should provide optimal colonic cleansing with small volumes of laxatives, acceptable palatability and drinkability and minimal side effects. In 2017, 15 RCTs (n = 1435) from 2124 studies with heterogeneity/bias risk compared PEG with other medications (sodium phosphate enema (n = 2 studies, relative risk = 1.27 with 95%CI: 0.66-2.44), SPMC (n = 3 studies, relative risk = 0.99 with 95%CI: 0.89-1.11), sennasoids (n = 3 studies, relative risk = 0.73 with 95%CI: 0.31-1.76) which showed no difference in the bowel preparation quality. Noninferior efficacy was also noted when comparing low volume PEG with SPMC vs standard volume PEG. Children who received PEG regimen also needed nasogastric tube insertions more often than those receiving the SPMC regimen (38% vs 1.6%)[96]. Later in 2022, four good quality RCTs (n = 390) showed higher tolerability and acceptability in the SPMC group when compared to the PEG group with comparable efficacy[97].

Split bowel preparation regimens: The newer studies also implement a ‘split regimen’ of the laxatives at different timepoints prior to GI endoscopy[98-100]. Sriphongphankul et al[98] performed an RCT in 45 children aged 2-18 years. The split dose group was given PEG in 2 split doses for 8-12 h apart and at least 6 h before the procedure, and the full single dose was given once the night before scope. Successful preparation (defined as Boston Bowel Preparation Scale ≥ 6) was superior in the split group (95% vs 72% in the standard high-volume PEG regimen). Willingness to repeat the same protocol was also much higher (83% vs 36%, P = 0.002), but nasogastric tube insertion rates were comparable (57% vs 68%). A later meta-analysis, including 4 paediatric studies, also found a trend of significantly higher efficacy in the split dose group (P = 0.07) but significant heterogeneity was noted among studies[99]. Therefore, further high-quality RCTs with low risk of bias are required. With regards to the recommended diet before the procedure, Jiao et al[101] studied 321 Chinese children and found that either 1-d or 2-d low residue diet had similar efficacy in bowel preparation but the 1-d low residue diet group had higher acceptability.

State-of-the-art interventions for therapeutic endoscopy
The endoscopic interventions for (esophageal) achalasia, a rare condition with incomplete or lack of normal lower esophageal sphincter relaxation, include pneumatic dilation and botulinum toxin injection. Recently, peroral endoscopic myotomy (POEM) has become another therapeutic intervention in both adults and children that demonstrates satisfactory success rate. The NASPGHAN Endoscopy Committee recently reviewed various aspects of POEM[102]. In brief, the myotomy is made starting from 8-10 cm above to 2-3 cm below the gastroesophageal junction along the cardia. Submucosal injection of the posterior wall is then performed to create a mucosotomy and submucosal tunnel, which would reveal the circular muscle fibers of the lower oesophagus. Complete myotomy of the circular muscle layer is made with longitudinal muscle layer underneath and the clip is finally deployed to close the mucosotomy. However, studies reporting efficacy and complications of POEM in children remain limited. Furthermore, appropriate training and adequate number of the performed procedures would also be required before implementing POEM as a standard of care in paediatric achalasia.

Future training opportunities in paediatric endoscopy in the Asia-Pacific region
ESPGHAN launched a Position Paper on paediatric endoscopy training in 2020[103]. The main content on achievement of training milestones, with regards to competency and procedural numbers including ‘Train the trainers’ courses, have been mentioned. Educational material such as e-learning, simulator training would also be needed to train the trainees in paediatric endoscopy.
Different scientific societies recommend varying competency thresholds for lower and upper GI endoscopies. NASPGHAN, the Joint Advisory Group in GI Endoscopy Paediatric Certification from the United Kingdom, the Conjoint Committee for Recognition of Training in Gastrointestinal Endoscopy from Australia proposed a minimum of 100-120 lower GI endoscopies with a caecal intubation rate of ≥ 90% (ranges from 15-30 min). NASPGHAN and the Joint Advisory Group from the United Kingdom proposed a minimum of 100 upper GI endoscopies and the Australian Committee proposed a minimum of 200 upper GI endoscopies (≥ 100 in children). Interestingly, ESPGHAN did not specifically define any numbers for endoscopies. The number of therapeutic endoscopies such as foreign body removal, haemostatic intervention, and polypectomy vary greatly across different societies. One of the preprocedure objective outcomes is the rate of adequate bowel preparation before ileocolonoscopy, with a minimum standard of 90% and a target of 95%.
Another important point is that the group suggests endoscopic procedures in children be performed by endoscopists trained in paediatric gastroenterology with established procedure-specific competency. Special consideration must be made to a child requiring GI endoscopy. Physicians need to consider the size of the patient, indications and contraindication of the procedure, proper equipment, bowel preparation, anaesthesia and sedation as well as the psycho-emotional factors of the children and their caregivers throughout the process[104]. Therefore, before implementing training in paediatric endoscopy in the Asia-Pacific region, aforesaid aspects should be carefully considered and implemented in the formal standardized curriculum. The Asian Pan-Pacific Society for Paediatric Gastroenterology, Hepatology and Nutrition conducted its first Paediatric Endoscopy Masterclass on June 2 to 3, 2022 in Bangkok with the purpose of addressing gaps in paediatric endoscopy training within the Asia-Pacific region. The subsequent way forward would be a regionalised set of guidelines and consensus statements, to facilitate standardisation of indications and endoscopic terminology across different paediatric GI centres.

CONCLUSION
Paediatric GI endoscopy has undoubtedly gained utility in the Asia-Pacific region as an invaluable tool in the diagnostics and management of GI diseases of current and emerging epidemiological importance. This is the first article to comprehensively review the evolving epidemiologic trends in paediatric GI endoscopy within Asia-Pacific, and delve into the future directions for paediatric endoscopy training and the advent of state of the art endoscopic techniques which are increasingly applied in the adult population. Yet the lack of consensus guidelines and heterogeneity in clinical practice, variablity in the referral patterns, healthcare access and disease prevalence across the Asian continent, inevitably leads to a wide variance in outcomes for different endoscopic modalities. While it is crucial that early endoscopy is done for a prompt diagnosis and treatment, it must be balanced with avoiding un-necessarily invasive investigations in otherwise benign functional GI conditions. The maturation of paediatric gastroenterology as a subspecialty hence necessitates comprehensive and accreditable endoscopy training, so that paediatric endoscopists in Asia adhere to a minimum practice standard and are adequately trained to apply diagnostic and therapeutic endoscopic techniques appropriately and competently. The inauguration of regular endoscopy masterclasses and workshops by the regional society Asian Pan-Pacific Society for Paediatric Gastroenterology, Hepatology and Nutrition sets the stage for more uniformity in endoscopic practices and outcomes, as well as future inter-regional collaborative efforts in paediatric endoscopic research.
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Figure 1 Images. A: Haemostatic clip applied to a bleeding gastric antral ulcer; B: Balloon dilation in oesophagus with a mucosal tear.

[bookmark: _Hlk132119942]Table 1 Diagnostic yield of oesophagogastroduodenoscopies
	Country
	Year
	Cohort size (n)
	Indications (top three) (%)
	Findings (%)
	Ref.

	China
	2018-2019
	2268
	Abdominal pain (86.2). Vomiting (31.1). Weight loss (15.1)
	62.5% abnormal. Highest yield in dysphagia
	[105]

	Nepal
	2013-2016
	270
	Abdominal pain (77.3). Vomiting/reflux (8.4). Failure to thrive (7.0)
	92.5% abnormal. Gastroduodenitis (28.1). Antral gastritis (18.5). Erosive gastritis (15.9)
	[106]

	India
	2013-2016
	822
	Variceal surveillance (19.1). Dyspepsia (17.4). Upper GI bleed (16.5)
	45.8% abnormal. Duodenal ulcers/varices most common
	[16]

	Israel
	2014
	407
	Suspected coeliac disease (28.2). Abdominal pain (15.0). Persistent H. pylori (10.3)
	59.2% abnormal. Coeliac disease (28), H. pylori (16.5), Crohn’s disease (5.4)
	[107]

	Jordan
	2014-2020
	778
	Abdominal pain (45.1). Vomiting (21.1). Weight loss (10.3)
	47.2% abnormal. H. pylori (66.1). Coeliac disease (30.4). Eosinophilic GI disease (3.6)
	[18]

	Malaysia
	2008-2011
	231 OGD. 44 OGD and Colonoscopies
	Variceal surveillance (50.0). Upper GI bleed (26.0). Abdominal pain (13.4)
	79.0% abnormal
	[15]

	South Korea
	2008-2013
	554
	Abdominal pain (64.1). Dysphagia (9.0). Vomiting (9.0)
	88.1% abnormal. Gastritis (53.1). Esophagitis (17.7)
	[17]

	Thailand
	2000-2002
	38
	Recurrent abdominal pain
	45% abnormal. H. pylori (26.3)
	[108]

	United States
	2002-2005
	454
	Recurrent abdominal pain
	38.1% abnormal. Reflux esophagitis (23.0). H. pylori (5.0). Peptic ulcers (3.0)
	[37]


[bookmark: _Hlk132122096]OGD: Oesophagogastroduodenoscopies; H. pylori: Helicobacter pylori; GI: Gastrointestinal.


Table 2 Diagnostic yield of ileocolonoscopies
	Country
	Year
	Cohort size (n)
	Indications (top three) (%)
	Findings (%)
	Ref.

	Australia
	2001-2010
	999 colonoscopies (15.0% done as follow-up)
	Suspected IBD (45.0). Haematochezia (20.0). Abdominal pain (5.0)
	61.0% abnormal. IBD (28.2). Polyp (3.9)
	[109]

	China
	2005-2017
	326
	-
	62.6% abnormal. IBD (14.1). Nonspecific colitis (27.0). Polyp (12.0)
	[12]

	China
	2013-2016
	229
	Abdominal pain (35.4). Haematochezia (27.9). Crissum abscess/anal fistula (17.5)
	64.2% abnormal. IBD (38.8). Polyp (27.2). Nonspecific colitis (26.5)
	[110]

	Hong Kong
	2003-2008
	79
	Haematochezia (58.0). Suspected IBD (29.1)
	50.6% abnormal. IBD (16.5). Polyp (29.1)
	[111]

	Japan
	2011-2016
	275
	Haematochezia (75.0). Diarrhoea (13.0). Abdominal pain (2.2)
	77.1% abnormal. IBD (18.5). Eosinophilic GI disease (23.0). Polyp (14.0) 
	[33]

	Japan
	2007-2015
	274
	Haematochezia (42.7). Abdominal pain (30.7). Diarrhoea (15.3)
	66.8% abnormal. IBD (43.4). Eosinophilic GI disease (2.2). Polyp (5.9). Nonspecific colitis (8.4)
	[112]

	Malaysia
	2010-2015
	121
	Suspected IBD (30.0). Haematochezia (21.0). Change in bowel habits (17.0)
	85.0% abnormal. IBD (42.0). Polyp (7.0). Nonspecific/infective colitis (25.0)
	[113]

	Saudi Arabia
	1993-2002
	183
	-
	44.0% abnormal. Nonspecific colitis or rectal ulcer (71.0). Polyp (20.0)
	[114]

	South Korea
	2008-2013
	168
	Abdominal pain (37.5). Diarrhoea (28.0). Haematochezia (27.4)
	43.5% abnormal. IBD (19.6). Polyp (1.8). Nonspecific inflammation (14.3)
	[17]

	South Korea
	2011-2015
	746
	Abdominal pain (43.7). Haematochezia (42.5). Diarrhoea (29.1)
	72.2% abnormal. IBD (33.9). Polyp (11.5)
	[13]

	Taiwan, China
	1998-2010
	192
	Haematochezia (53.5). Abdominal pain (20.6). Iron deficiency anaemia (11.8)
	75% abnormal. IBD (8.3). Polyp (20.4). Nonspecific colitis (23.4)
	[115]


IBD: Inflammatory bowel disease; GI: Gastrointestinal.
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