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Abstract
BACKGROUND
Esophageo-gastro-duodenoscopy (EGD) is an important procedure used for detection and diagnosis of esophago-gastric lesions. There exists no consensus on the technique of examination.

AIM
To identify recent advances in diagnostic EGDs to improve diagnostic yield.

METHODS
We queried the PubMed database for relevant articles published between January 2001 and August 2019 as well as hand searched references from recently published endoscopy guidelines. Keywords used included free text and MeSH terms addressing quality indicators and technological innovations in EGDs. Factors affecting diagnostic yield and EGD quality were identified and divided into the follow segments: pre endoscopy preparation, sedation, examination schema, examination time, routine biopsy, image enhanced endoscopy and future developments.

RESULTS
We identified 120 relevant abstracts of which we utilized 67 of these studies in our review. Adequate pre-endoscopy preparation with simethicone and pronase increases gastric visibility. Proper sedation, especially with propofol, increases patient satisfaction after procedure and may improve detection of superficial gastrointestinal lesions. There is a movement towards mandatory picture documentation during EGD as well as dedicating sufficient time for examination improves diagnostic yield. The use of image enhanced endoscopy and magnifying endoscopy improves detection of squamous cell carcinoma and gastric neoplasm. The magnifying endoscopy simple diagnostic algorithm is useful for diagnosis of early gastric cancer.

CONCLUSION
There is a steady momentum in the past decade towards improving diagnostic yield, quality and reporting in EGDs. Other interesting innovations, such as Raman spectroscopy, endocytoscopy and artificial intelligence may have widespread endoscopic applications in the near future.
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Core tip: In this article, we aim to provide a comprehensive review to identify factors affecting diagnostic yield and esophageo-gastro-duodenoscopy quality. These are divided into pre endoscopy preparation, sedation, examination schema, examination time, routine biopsy, image enhanced endoscopy and future developments. There is a steady momentum in the past decade towards improving diagnostic yield, quality and reporting in esophageo-gastro-duodenoscopys. Other interesting innovations, such as Raman spectroscopy, endocytoscopy and artificial intelligence will also be discussed.


INTRODUCTION
Gastric cancer is the fifth most common malignancy in the world and the third leading cause of cancer death worldwide[1]. Despite recent advances in the treatment of gastric cancer, the 5 years survival of gastric cancer patients with locoregional or distant disease remains dismal[2]. Early detection is the key strategy to improve patient survival[3].
Although population based screening for gastric cancer has not been found to be cost-effective outside high risk populations[4,5], an esophagogastroduodenoscopy (EGD) examination is an ubiquitous first line tool to investigate upper gastrointestinal symptoms in most countries worldwide. There exists no worldwide consensus on the technique of examination to optimize its diagnostic yield[6,7]. Guidelines that suggest standardized endoscopic examination and documentation exist[8,9] but are cumbersome and often not followed. In absence of a widely recognized and accepted protocol for a systemic examination and objective measurement of quality in upper gastrointestinal endoscopy, false-negative rates of EGD examinations are estimated to vary between 10% and 20%[10-12].
Following Barclay et al[13]’s study demonstrating that endoscopists with a mean withdrawal time of six min or more consistently detected more adenomas and colon cancers, our group demonstrated that endoscopists with a mean examination time of 7 min or more were more likely to uncover premalignant and neoplastic lesions during diagnostic EGDs[14]. In addition to examination time, several other factors may also affect the diagnostic yield of EGDs. Through this review, we aim to provide a succinct summary of the recent literature on the advances in diagnostic EGDs.

MATERIALS AND METHODS
The PubMed database was queried for relevant articles published between January 2001 and August 2019. A deliberate longer period was chosen so that the literature review would also include dated guidelines in order to reflect how practices of endoscopy have changed over the past 2 decades. The keywords are listed as follows: type of intervention: gastroscopy, esophagogastroduodenoscopy, upper endoscopy, narrow band imaging, image enhanced endoscopy, chromoendoscopy, artificial intelligence, biopsy; outcomes: quality indicators, standardization, quality, quality indicators, gastric cancer, gastric neoplasia. The references of recently published endoscopy guidelines were hand-searched to include studies that were missed by the above search strategy. All guidelines, retrospective, case-control studies, randomized controlled studies as well as systemic review/meta-analysis captured by the search strategy were assessed for suitability. The literature review was performed by two reviewers and novel articles were included into this systemic review.

RESULTS 
Using the above search terms, we identified 306 articles from PubMed based on the above search terms. Four additional articles were retrieved by hand searching recent published endoscopy guidelines, 190 articles were excluded after screening for irrelevant titles, 120 abstracts were reviewed and subsequently 67 articles were included in this review of recent advances in diagnostic endoscopy. Articles were excluded if both authors agreed that those study findings were not novel and/or findings did not present additional knowledge to already published guidelines or literature. A PRISMA diagram is presented in Figure 1. The major subheadings were divided as follows: pre endoscopic preparation, endoscopy sedation, systemic examination, duration of examination, routine endoscopic biopsy, image enhanced endoscopy as well as future developments. The key recommendations and findings are summarized in Table 1.

DISCUSSION
Pre endoscopy preparation
Premedication with simethicone or simethicone and N-acetylcysteine improved visualization in the esophagus and stomach significantly compared to pre-medication with water alone in the esophagus and stomach[15]. Addition of pronase, a proteolytic agent, to simethicone improves gastric visibility scores (73% vs 49%) with the need for lesser water flushes with no increase in endoscopic examination time[16]. The use of pronase in endoscopic flushing during biopsy decreases the thickness of mucus, depth of biopsy and improved diagnostic assessment[17] when performing endoscopic biopsies. In performing gastroscopy, we conventionally advise patients to remain fasted for 4-6 h to prevent aspiration; however newer data suggest that allowing clear liquids up to 2 h of endoscopy improves anxiety (8% vs 25%, P = 0.029), patient comfort (18% vs 42%, P = 0.01), reduces hunger (44% vs 67%, P = 0.024) without increasing regurgitation of gastric contents[18]. In a randomized trial, the use of lidocaine spray alone compared to lidocaine spray plus a lidocaine viscous solution resulted in a statistically significant but clinically insignificant reduction in the number of pharyngeal sites observed; there were no difference in the number of gag reflexes between the 2 groups when sedation was administered[19].
The Asian consensus on standards of diagnostic upper endoscopy for neoplasia recommends the use of antispasmodic agents to enhance detection rates of superficial neoplasms during oesophageogastroduodenoscopy (OGD) and image enhanced endoscopy (IEE)[20] but acknowledges the lack of evidence behind the recommendation.

Sedation
There is conflicting data on which is the recommended sedation regime for patients undergoing upper endoscopy. A closed ended questionnaire found that patients undergoing OGD did not have sufficient information prior to endoscopic examination to make an informed choice regarding sedation option and that patient satisfaction was higher in patients who received sedation[21]. The use of propofol sedation decreased the sedation time and improved the detection of earlier pharyngeal and upper gastrointestinal (GI) superficial squamous cell carcinoma compared to when no sedation was used in upper GI endoscopies utilizing narrow band imaging (NBI)[22]. In patients who prefer not to undergo sedation, small caliber OGD performed via the transnasal or transoral route may offer better patient tolerability with similar level of diagnostic accuracy[23-25].
The use of propofol compared to midazolam in a randomized controlled trial has demonstrated that sedation with propofol is associated with better inspection of multiple areas during OGD and hence results in a better quality examination[26]. Patients who undergo endoscopy with propofol sedation have a significantly shortened time between injection and intubation of the esophagus, and a lengthened time between intubation of the esophagus and procedure completion, suggesting that the use of propofol allows the endoscopist to perform a more detailed examination[26]. In a recently published randomized controlled trial comparing routine use of 100 mcg of fentanyl compared to placebo on top of a regular dose of IV 2 mg midazolam, routine administration of 100 mcg of fentanyl resulted in less midazolam use, shorter procedural times (8.5 min vs 11.1 min, P < 0.001) and significantly lesser retching observed in patients[27]. The use of propofol improves quality image acquisition compared to the use of midazolam/fentanyl in a randomized trial of patients undergoing upper GI confocal laser endomicroscopy[28]. An improvement in the diagnostic accuracy of mucosal lesions was observed but not found to be statistically significant[28]. The use of propofol shortened examination times and led to better patient satisfaction[28]. In another randomized trial comparing midazolam and propofol versus propofol in low risk patients, the use of midazolam and propofol reduced the dose of propofol used and allowed the patients to enter the desired state of sedation more quickly but did not improve patient satisfaction or quality of endoscopic evaluation[29]. The use of the propofol after midazolam induction was found to be safe, even in the absence of an anesthesiologist[30]; however, it was associated with 10% risk of arterial hypotension, 2% risk of bradycardia and hypoxaemia[30]. One patient required tracheal intubation as a result[30]. A meta-analysis did not find any differences in terms of anaesthesia duration, recovery time and mean arterial pressure at intubation and patient satisfaction, but the use of etomidate reduced hypoxaemia and injection pain compared to propofol[31]. The use of a target controlled infusion (TCI) of propofol and alfentanil administered by a nurse anaesthetist has been shown to improve anaesthesia quality as measured by response to stimulation during maintenance, hemodynamic stability, EtC02 levels and recovery time compared to manual administration[32,33].The European Society Gastrointestinal Endoscopy advocates that non anaesthesiologist administered propofol (NAAP) is possible with NAAP trained endoscopists and nurses but caution against NAAP in patients with American society of anesthesiologists category ≥ 3, a Mallampati’s class of 3, risk factors for airway obstruction or anticipated prolonged procedures[34,35].

Systemic examination during gastroscopy
Asfeldt et al[36] reported in 2008 that there was great variability in the inter-observer and intra-observer interpretation of pathology in endoscopic images, which appears to be independent of endoscopist seniority. A mandatory set of systemic images into endoscopy reports may increase quality of reports and reduce variability in interpretation[36].
The recent Asian consensus advocates that systemic examination of the stomach and the esophagus may improve detection rates of upper GI superficial neoplasms[20] to avoid missing neoplastic lesions especially at high risk areas of the esophagus[37] or stomach[38]. Several societies and research groups have published recommendations, but a large disparity exists amongst these guidelines[39]. The European Society of Gastrointestinal Endoscopy, in 2001, advocates 8 pictures to be taken during any gastroscopy examination, with 2 pictures in the esophagus, 4 in the stomach and 2 in the duodenum[8]. Yao[40], on the other hand, suggests a protocol where 22 photos are taken but no well-designed study has been performed to ascertain the efficacy of this protocol and it may be too complicated to follow in clinical practice[40]. Using a systemic alphanumeric coded endoscopy approach where 5 regions in the stomach and 21 areas are imaged, overall detection rate of gastric neoplasia was found to be 2.8%, with 31% of patients having a premalignant finding and 57% with Helicobacter pylori infection[41].
Interestingly, a retrospective review also identified that endoscopists with high rates of ampulla photo documentation were more likely to detect upper GI neoplasms (0.26% vs 0.20%, P = 0.03), more dysplasia (0.17% vs 0.11%, P = 0.004) and smaller neoplasms (0.14% vs 0.09%, P = 0.01) compared to endoscopists with low rates of ampulla photo documentation[42]. Duration of examination and seniority of endoscopists did not correlate with ampulla photo-documentation rates[42]. Ampulla photo documentation may be used as a quality indicator for a thorough gastroscopy examination.

Duration of examination
Since the landmark paper describing withdrawal times on adenoma detection rates in colonoscopy[13], there has been considerable interest on the effect of examination time on the detection rates of neoplastic lesions in upper endoscopy. In Barrett’s esophagus, endoscopists with average Barrett’s inspection time (BIT) exceeding 1 min per centimeter during examination detected more endoscopically suspicious lesions (54.2% vs 13.3%, P = 0.04) and a direct correlation between mean BIT per centimeter of BE and detection of high grade dysplasia and early adenocarcinoma (ρ = 0.63, P = 0.03) was found. These studies prompted our group to perform a study on the effect of examination time on endoscopy yield during upper endoscopy. In our study, we divided endoscopists as “fast endoscopists” or “slow endoscopists”, depending on whether their mean examination times for a normal examination exceeded 7 min. We found that slow endoscopists were twice as likely to detect high risk lesions as fast endoscopists (OR = 2.50, 95%CI: 1.52–4.12) and thrice as likely to detect neoplastic lesions (OR = 3.42, 95%CI: 1.25–10.38). Our findings were affirmed by 2 large database reviews from Japan and Korea respectively (Table 2). The Japanese study comprised of 55786 examinations[43] which demonstrated that moderate endoscopists (mean examination time 5-7 min) and slow endoscopists (mean examination time > 7 min) were twice as likely to detect neoplastic lesions compared to fast endoscopists ( mean examination time < 5 min). The second study involved 111962 subjects who underwent EGD as part of a healthy screening exercise between January 2009 to December 2016 in Korea[44]. Using a cut off of 3 min, Park et al[44] determined that slow endoscopists were more likely to detect gastric adenomas or carcinomas compared to fast endoscopists; slow endoscopists also had higher neoplasm detection rates compared to faster endoscopists (0.28% vs 0.20%, P = 0.0054)[44]. In 2018, Yoshimizu et al[45] found that inspection time did not affect neoplasm detection rates, but were higher in endoscopists with more than 1 year of intensive training (2.2% vs 3.7%, OR = 1.65, 95%CI: 1.02–2.68). All endoscopists included in this study, regardless of their length of intensive training, were seasoned endoscopists who had performed at least 1000 EGDs. The findings of these studies have been summarized in Table 2. There is currently no consensus what the minimum time for a quality endoscopic examination should be, although 3 studies suggest that a longer examination results in higher endoscopic yield. The Asian consensus recommends a minimum examination time of 8 min[20] whereas the British Society of Gastroenterology guidelines recommends a minimum examination time of at least 7 min[46]. The effect of longer examination time, may be diminished in very experienced endoscopists who possess skills to readily recognize a neoplastic lesion[45].

Routine endoscopy biopsy
[bookmark: OLE_LINK5]There are no studies on the efficacy of routine biopsy during upper endoscopy. Januszewicz et al[47] recently published data demonstrating that endoscopists with high endoscopist biopsy rate (EBR > 43.8%) were lesser likely to miss a cancer which was detected up 3 years after the index gastroscopy; this association was also validated in a second endoscopy unit[47].

Image enhanced endoscopy
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK53]There are 2 forms of image enhanced endoscopy, namely dyed based technique and equipment image-based techniques. Iodine has been traditionally used as chromoendoscopy to detect superficial squamous lesions not easily detected by white light endoscopy. Lugol’s iodine stains glycogen in normal esophageal epithelium and absence of staining occurs in glycogen depleted dysplasic epithelium, resulting in the “pink-color sign”[48]. Non magnifying narrow band imaging identifies suspicious areas by identification of areas with brownish discoloration; and magnifying narrow band imaging is utilized in these suspicious areas to further characterize the malignant risk of these lesions by observing the intrapapillary capillary loops according to the Japanese Esophageal Society classification[49] and avascular areas[50]. Figure 2 demonstrates a superficial squamous cell carcinoma depicted on white light endoscopy and narrow band imaging. Absence of iodine staining on chromoendoscopy, even when negative for dysplasia on initial histology, identifies esophageal lesions with high sensitivity for dysplasia, carcinoma in situ or esophageal squamous cell carcinoma (ESCC) in later follow ups[51]. In a prospective, propensity matched study, non-magnifying NBI was found to have similar sensitivity with superior accuracy and specificity compared to chromo-endoscopy with iodine staining for early squamous cell carcinoma[52]. A recent meta-analysis identified that NBI was comparable to Lugol chromoendoscopy to identify high -grade dysplasia and squamous cell carcinoma, with high summary receiver operating characteristics curves of 0.9587 and 0.9685 respectively. Training in the use of NBI is important, as it has been demonstrated that sensitivity of NBI was higher in the hands of more experienced endoscopists (100% vs 53%, P < 0.001) and sensitivity of NBI in less experienced endoscopists improved from 43% to 60% with training[52]. Blue laser imaging, a recent innovation by Fujifilm, which combines laser light wavelengths of 410 nm and 450 nm and fluorescent light, has been shown to be comparable to magnifying NBI as well as Lugol iodine chromoendoscopy for detection of early esophageal cancer[53].
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]In performing OGD to detect gastric lesions, the use of NBI is especially useful in magnifying endoscopy. NBI utilizes 2 narrow band illumination (415 nm and 540 nm) without conventional white light[54]. The resultant image is hence too dark to be used for gastroscopy[54] in the stomach which has a large lumen when sufficiency insufflated. Even so, NBI was demonstrated to be effective in the detection of atrophic gastritis and intestinal metaplasia when compared to white light in a randomized cross over study[55]. Tri-modal imaging endoscopy with white light endoscopy, autofluorescence imaging and narrow band imaging had previously demonstrated its efficacy in improving detection of premalignant gastric lesions compared to white light endoscopy alone[56,57]. Comparing the use newer generation NBI which is twice as bright as the previous version to high definition white light endoscopy, the use of NBI resulted in higher pick up rate of focal gastric lesions (40.6% vs 29%, P = 0.003) and intestinal metaplasia (17.7% vs 7.7%, P < 0.001) with no difference in the detection of gastric cancers (1% vs 2.4%, P = 0.189)[58].
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65]On magnifying endoscopy, NBI allows the inspection of a demarcation line, the micro-vessel and micro-surface patterns. We follow the magnifying endoscopy simple diagnostic algorithm (Figure 3) proposed by Muto et al[59]. First, irregularity (depression or elevation) as well as colour changes (pale areas or erythema) is closely examined on the mucosa surface. Once this is identified, we attempt to identify a demarcation line between the lesion and background mucosa using magnifying endoscopy and narrow band imaging (ME-NBI). The lesion is most likely benign if no demarcation line is present. In the presence of a demarcation line as well as irregular micro surface and/or irregular microvascular pattern, a diagnosis of early gastric cancer can be confidently made[59]. In a pooled analysis of 14 studies, the sensitivity and specificity of ME-NBI was 0.86 and 0.96 respectively with high specificity of 0.96 and 0.98 for depressed gastric lesions and lesions less than 10 mm[60]. High specificity in excluding gastric neoplasms may reduce the need for unnecessary biopsies if ME-NBI is employed[60]. In a meta-analysis of 10 studies comparing white light endoscopy (WLE) and magnifying endoscopy-narrow band imaging (ME-NBI) for the detection of early gastric lesions, the pooled sensitivity, specificity and Area under Curve (AUC) using ME-NBI was superior at 0.83, 0.96 and 0.96 compared to 0.48, 0.67 and 0.62 for WLE[61]. A recent randomized controlled study showed that ME-NBI had similar delineation rates of tumor margin compared to indigo carmine chromoendoscopy (88.0% vs 85.7%, P = 0.63). The use of ME-NBI may however improve visualization of the horizontal margin of early gastric cancer[62] compared to low magnification NBI or chromoendoscopy by better visualization of the number and depth of subepithelial capillaries[63]. A prospective study previously demonstrated that magnifying-blue laser imaging (BLI) had improved sensitivity, specificity and accuracy compared to white light imaging[64] for detection of early gastric cancers. In a randomized controlled study, BLI-bright was demonstrated to be superior to WLE in the real- time detection of early gastric cancers (93.1% vs 50.0%, P = 0.01)[65]. BLI may be a promising addition to IEE to improve the detection of gastric neoplasms.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Another innovation recently by Fujifilm corp is linked color imaging (LCI) which is derived from a combination of white light and narrow band short wavelength light[66]. The reflectance of this combination of light on abnormal tissue and surrounding mucosa is then acquired and LCI reallocates the acquired color to a color similar to the background mucosa but of greater contrast so that minute differences can be detected and closer examination of lesion architecture and vascularity is possible[66]. In a retrospective review of 60 patients, the LCI finding of red appearance of fundic gland mucosa was 85.8% sensitive and 93.3% specific for Helicobacter pylori infection, higher than WLE[67]. The classical patchy lavender color on LCI is classically described in patients with gastric intestinal metaplasia[68-70]. For early gastric cancer, the use of LCI was superior for lesion recognition and the color difference between cancer and non-cancer areas was demonstrated to be greater[71] with higher blood vessel density appreciated using LCI (5.96% vs 4.15%, P = 0.004)[72]. The diagnostic accuracy of magnifying LCI with indigo carmine for small depressed gastric lesions has been shown to be better than both conventional WLE and magnifying BLI[73], especially for non-expert endoscopists[74]. The evidence of LCI use for esophageal squamous cell carcinoma is currently limited but it may be useful for assessment of invasion depth for superficial ESCC.
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]LCI, especially magnifying LCI, may become a mainstream modality for diagnosis of early gastric cancers in the near future.

Future developments
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]There are several new technological advancements to aid endoscopists identify high risk gastric lesions as well as reduce the need for routine biopsies. Raman spectroscopy utilizes optical vibrational technique where there is inelastic scattering of the incident laser light after the incident laser light polarizes the target tissue molecules. The Raman probe is depicted in Figure 4A. The characteristic biochemical tissue and molecular make up of premalignant tissue (intestinal metaplasia, high grade dysplasia and tumour) allows it to be differentiated from normal tissue after Raman spectroscopy is applied (Figure 4B). A fibre-optic Raman endoscopic technique allows real time acquisition of the Raman spectra within 0.5 s[75], with a high sensitivity (89.3%), specificity (92.2%) for gastric intestinal metaplasia[76], reducing the need for biopsies.
Olympus has recently introduced the endocytoscopy (Olympus GIF-H290EC) with up to 520 × magnification to allow cellular assessment. Prior to examination, the lesion is washed with saline and spraying with crystal violet and methylene blue. Endocytoscopy findings in the antrum correlates with Helicobacter pylori positivity[77] with high sensitivity and specificity for intestinal metaplasia[78] and atrophic gastritis[77] as well as gastric cancer diagnosis[79]. Good interobserver agreement with a pathologist[80] and inter-endoscopist agreement of endocytoscopy findings for early gastric cancer[81] has since been demonstrated. Recently, the “enlarged nuclear sign” seen on endocytoscopy for early gastric cancer diagnosis was also published[81].
[bookmark: _GoBack]Recently, endocytoscopy coupled with artificial Intelligence and machine learning has several promising applications for diagnostic endoscopy. Using a database of 4715 esophageal images, a neural network-based artificial intelligence was constructed and achieved a sensitivity of 92.6% and sensitivity of 89.3% for esophageal squamous cell carcinoma. Similarly, in gastric cancer, the neural network trained to detect gastric cancer in endoscopic images was able to identify gastric cancer lesions with a sensitivity of 92.2%, with 98.6% sensitivity for lesions measuring ≥ 6 mm[82]; missed lesions were all early depressed lesions which might present a challenge for the expert endoscopist[82]. In another deep learning system developed by the Zhongshan group from China, the network was able to identify tumors of more than SM1 infiltration with sensitivity of 76% and specificity of 96%, higher than human endoscopists[83], allowing better selection of patients who may benefit from endoscopic resection and reducing the need for endoscopic ultrasonic examination and invasive gastrectomy.
In conclusion, there is a steady move in the past decade towards improving diagnostic yield, quality and reporting in EGDs over the past decade. Diagnostic yield from EGDs can be improved via improvements in several domains, including proper pre-endoscopy preparation, adequate sedation, conforming to a systemic photo-documentation schema, dedicating sufficient time to endoscopic examination as well as the use of magnifying endoscopy and image enhanced endoscopy. While our review does not aim to replace the comprehensive guidelines published by gastrointestinal societies, we hope to provide endoscopists with a succinct summary of up to date advances in diagnostic upper endoscopy and identify recent innovation in endoscopy. Amongst these, artificial intelligence and convoluted neural networks may have widespread endoscopic applications in the near future.

ARTICLE HIGHLIGHTS
Research background
Currently, there is no consensus on upper endoscopic examination technique to improve diagnostic yield. In recent years, quality of endoscopy is a hotly discussed topic and several papers and guidelines including the Asian consensus on standards of diagnostic upper endoscopy and the British Society of Gastroenterology guidelines have been published.

Research motivation
Despite recent advances in the surgical and oncological treatment of gastric cancer, it remains one of the leading causes of cancer death. It is imperative to improve detection of early gastric cancer in order to improve patient survival. An esophagogastroduodenoscopy (EGD) examination is an ubiquitous first line tool to investigate upper gastrointestinal symptoms in most countries worldwide and allows detection of early gastric cancer by direct inspection of the mucosa. Several factors may affect the quality of endoscopic examination itself; this includes but is not limited to pre-procedural preparation for endoscopy, appropriate sedation and use of image enhanced endoscopy. Educating endoscopists on examination methods to improve diagnostic yield during upper endoscopy is therefore the most effective intervention to improve detection of early gastric cancer in order to improve patient outcomes and survival. We are also at the dawn of the artificial intelligence age, and application of AIs into EGDs will greater enhance the ability of endoscopists to identify and diagnose early gastric and esophageal lesions.

Research objectives
Through this review, we aim to provide a succinct yet comprehensive summary of the recent literature on the advances in diagnostic EGDs. The authors hope that, through the article, endoscopists can identify potential areas of improvement to better their quality of upper endoscopy.

Research methods
The PubMed database was queried for relevant articles published between January 2001 and August 2019 using several keywords that were relevant to upper endoscopy. References of selected articles were hand searched to include any studies that may have been omitted by the PubMed search. Studies which presented relevant or novel data were included into this review.

Research results
Pre-endoscopic preparation, endoscopy sedation, systemic examination, duration of examination, routine endoscopic biopsy and image enhanced endoscopy are factors which may improve quality of EGD examination. Premedication with simethicone or simethicone and N-acetylcysteine, use of Pronase and antispasmodics improves visualization in the stomach and esophagus. There is currently no evidence that taking more photos improves diagnostic yield, but a mandatory set of systemic images such as the systemic alphanumeric coded endoscopy approach may increase yield of high-risk lesions and may also reduce variability in inter-endoscopist interpretation of endoscopic reports. Several studies have shown that endoscopists with longer inspection times during EGD consistently detect more high risk and neoplastic lesions compared to counterparts with shorter examination times; however, the beneficial of longer examination time may be diminished in very experienced endoscopists. Novel image enhanced endoscopy techniques such as Blue laser imaging (BLI) and linked colour imaging (LCI) enhances detection of early esophageal cancer and gastric cancers. When approaching a suspicious gastric lesion, the magnifying endoscopy simple diagnostic algorithm helps the endoscopist further characterize the lesion. The presence of a demarcation time, irregular micro-surface and micro-vascular pattern is highly suspicious for an early gastric cancer.

Research conclusions
Our review provides a succinct summary of the advances in diagnostic endoscopy in the past 2 decades. Several advances have been made recently in the field of image enhanced endoscopy with introduction of magnifying NBI, BLI and LCI. Being well acquainted with these techniques will allow the endoscopist to detect early gastric lesions more confidently. There is, however, still an urgent need to identify and standardize quality indicators and reporting in EGDs in order to better audit endoscopic quality and reduce variability in inter-endoscopist interpretation of endoscopic pictures. 

Research perspectives
More studies are required in order to demonstrate whether a systemic method of photo-documentation during EGD, routine endoscopic biopsy and use of image enhanced techniques will indeed improve diagnostic yield during endoscopy. Having a standardized set of quality indicators for every endoscopic examination will reassure patients and physicians that a quality endoscopy and inspection had been performed so that the risk of a missed lesion is minimized. Artificial Intelligence is extremely promising to aid endoscopists detect suspicious lesions, may reduce need for biopsy and assist physicians plan further treatment for suspicious lesions. Further innovation and research will improve the sensitivity and specificity of these AIs systems as well as the best way to incorporate the use of these systems in the current endoscopic workflow.
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Figure Legends
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Figure 1 PRISMA diagram of literature review.
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Figure 2 White light endoscopy and narrow band imaging of superficial esophageal squamous cell carcinoma. A: White light endoscopy of superficial esophageal squamous cell carcinoma; B: Narrow band imaging of superficial esophageal squamous cell carcinoma. 
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Figure 3 Magnifying endoscopy simple diagnostic algorithm for diagnosis of early gastric cancer. Adapted from Muto et al[59]’s magnifying endoscopy simple diagnostic algorithm of early gastric cancer. IMVP: Irregular microvascular pattern; IMSP: Irregular microsurface pattern.
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Figure 4 Raman spectroscopy probe and different Raman spectrum according to normal tissue, intestinal metaplasia, high grade dysplasia and tumor tissue. A: Raman spectroscopy probe; B: Different Raman spectrum according to normal tissue, intestinal metaplasia, high grade dysplasia and tumor tissue.


Table 1 Summary of of key recommendations for improving quality in diagnostic endoscopy
	Pre endoscopic preparation

	Premedication with simethicone or simethicone and N-acetylcysteine improves visualisation in the stomach and oesophagus

	Pronase, a proteolytic agent, increases gastric visibility scores

	Allowing clear liquids up to 2 h of endoscopy improves patient anxiety and patient comfort

	Use of antispasmodic agents to enhance detection of high risk superficial neoplasms is recommended

	Sedation

	Patients should be counselled adequately regarding sedation options. Reported satisfaction is higher after endoscopy with sedation

	Propofol sedation decreases sedation time and improves the detection of early stage pharyngeal and upper gastrointestinal cancers

	Propofol use is associated with better inspection during oesophageogastroduodenoscopy (OGD) and hence offers better quality examination compared to midazolam

	In patients undergoing sedation with midazolam, routine fentanyl use reduces additional midazolam doses and shortens procedural times and reduces patient retching

	In low risk patients and procedures, the use of a target controlled infusion of propofol and alfentanil administered by a nurse anesthetist has been shown to be safe and improves anesthesia quality

	In patients who prefer not to undergo sedation, small caliber OGD performed via transnasal or transoral route may offer better patient tolerability with similar level of diagnostic accuracy

	Systemic examination

	A mandatory set of systemic images in endoscopy reports may increase quality of reports and reduce variability in interpretation

	There is currently no consensus how many pictures should be recorded for an adequate OGD 

	The use of systemic alphanumeric coded endoscopy approach during endoscopy increases yield of high risk lesions

	Endoscopists with high rates of ampulla photo documentation were more likely to detect upper gastrointestinal neoplasms and dysplasia and ampulla photo documentation may be used a quality indicator for thorough gastroscopy

	Duration of examination

	Endoscopists with average Barrett’s inspection time (BIT) exceeding 1 min per centimeter detected more endoscopically suspicious lesions; A longer BIT correlated with high grade dysplasia and adenocarcinoma detection

	Endoscopists with a mean examination time exceeding 7 min for a normal examination were twice as likely to detect high risk lesions and neoplastic lesions compared to their faster counterparts

	The effect of longer examination time may be diminished in very experienced endoscopists who are able to readily recognise neoplastic lesions

	Various societies and consensus guidelines now recommend at least 7–8 min for an adequate upper endoscopic examination

	Routine endoscopy biopsy

	No studies have demonstrated that routine biopsy improves detection of high risk lesions during endoscopy

	Endoscopists with high biopsy rates were less likely to miss a cancer in patients who undergo interval endoscopy

	Image enhanced endoscopy

	Detection of oesophageal lesions

	Absence of iodine staining on chromoendoscopy, even when negative for dysplasia on initial histology, identifies esophageal lesions with high sensitivity for dysplasia or cancer in later follow ups

	Non-magnifying narrow band imaging (NBI) was found to have similar sensitivity with superior accuracy and specificity compared to iodine staining for early squamous cell carcinoma

	Endoscopists should be trained in the NBI use. NBI Sensitivity was higher in the hands of more experienced endoscopists

	Blue laser imaging (BLI) is comparable to magnifying NBI as well as Lugol iodine chromoendoscopy for detection of early esophageal cancer

	Detection of gastric lesions

	Newer generation NBI improves pick up rate of focal gastric lesions and intestinal metaplasia compared to high definition white light endoscopy

	The magnifying endoscopy simple diagnostic algorithm guideline should be followed to identify early cancers

	In the presence of a demarcation line as well as irregular micro surface and/or irregular microvascular pattern, a diagnosis of early gastric cancer can be confidently made

	High specificity in excluding gastric neoplasms may reduce the need for unnecessary biopsies if magnifying endoscopy (ME) and NBI is employed

	ME-NBI improves visualization of the horizontal margin of early gastric cancer compared to low magnification NBI and chromoendoscopy

	BLI- Bright was demonstrated to be superior to white light endoscopy (WLE) in the real-time detection of early gastric cancers

	Linked color imaging (LCI) identifies confidently Helicobacter pylori infection, gastric intestinal metaplasia and early gastric cancer

	The diagnostic accuracy of magnifying LCI with indigo carmine for small depressed gastric lesions has been shown to be better than both conventional WLE and magnifying BLI

	Future developments

	Raman spectroscopy differentiates normal gastric tissue from premalignant and malignant tissue and allows real time diagnosis and reduces need for biopsy

	Endocytoscopy allows real time diagnosis of Helicobacter pylori positivity, intestinal metaplasia, atrophic gastritis and early gastric cancer. There is good interobserver agreement between endoscopists and pathologists

	Neural network based artificial intelligence can now be trained to identify oesophageal squamous cell carcinoma and gastric cancer with high sensitivity and specificity





Table 2 Summary of studies reporting effect of endoscopy examination time on detection rates during upper endoscopy
	Ref.
	Country of origin
	Study design
	Sample size
	Classification timings
	Findings

	Teh et al[14], 2015
	Singapore
	Retrospective database
	837
	Fast < 7 min
Slow > 7 min
	Slow endoscopists twice likely yo detect high risk lesions than fast endoscopist (OR = 2.5, 95%CI: 1.52-4.12)

	Kawamura et al[43], 2017
	Japan
	Retrospective database
	15763
	Fast < 5 min
Moderate
5-7 min
Slow > 7 min
	OR for neoplastic lesion detection for moderate and slow group was 1.9 (95%CI: 1.06–3.4 ) and 1.89 (95%Cl: 0.98–3.64) respectively

	Park et al[44], 2017
	South Korea
	Retrospective database
	111962
	Fast < 3 min
Slow > 3 min
	Slow endoscopists more likely to detect gastric adenomas/carcinomas than fast endoscopist (OR = 1.52, 95%CI: 1.17–1.97)

	Yoshimizu et al[45], 2018
	Japan
	Retrospective database
	3925
	Fast < 7 min
Moderate 7-10 min
Slow > 10 min
	No difference in neoplasm pick up rates amongst the 3 groups.
Endoscopists > 1 yr of intensive training picked up more lesions
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