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Abstract
[bookmark: _Hlk72341928]Pancreato-biliary disorders are still incredibly challenging in the field of gastroenterology, as they would sometimes require multi-approach interventional procedures. Recently, therapeutic interventional endoscopic ultrasound (EUS) has emerged as a potential alternative to surgical or percutaneous approaches. Unfortunately, considering the high cost of EUS, lack of facility and expertise, most gastroenterologists still often refer cases to undergo surgical interventions without contemplating the possibility of utilizing EUS first. EUS-guided biliary drainage has become one of the best choices for establishing access to biliary system, given the clear visualization of pancreas, gallbladder, and common bile duct. Although there are still only a few studies which directly compare EUS-guided and surgical approaches for biliary drainage, current evidence demonstrated the superiority of EUS-guided approach in terms of adverse events and re-intervention rates, with similarly high technical and clinical success rates compared to percutaneous and surgical approaches, especially in patients with history of failed endoscopic retrograde cholangiopancreatography attempt. Comparable success rates with shorter length of hospital stay between endoscopic and surgical approaches have also been exhibited for pancreatic pseudocysts and walled-off necrosis. Recent findings about the progress of EUS approach in gastroenterostomy/jejunostomy also indicated a promising potential of EUS, as a less invasive approach, for managing gastric outlet obstruction.
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Core Tip: Pancreato-biliary disorders sometimes require multi-approach interventional procedures. Therapeutic interventional endoscopic ultrasound (EUS) has emerged as a potential alternative to surgical or percutaneous approach. Application of EUS-guided approach resulted in lower adverse events and re-intervention rates, with similar high technical and clinical success rates in comparison to percutaneous and surgical approaches, especially in patients with history of failed endoscopic retrograde cholangiopancreatography attempt. Comparison between EUS-guided and surgical approach in pancreatic fluid collection drainage demonstrated commensurable success rates and shorter length of hospital stay in favor of EUS-guided approach. Application of EUS is a potential field in replacing surgery to manage gastric outlet obstruction.

INTRODUCTION
In Western countries and some developed Asian countries, endoscopic ultrasound (EUS) has been demonstrated as an encouraging development for diagnostic, as well as, therapeutic modality throughout these years. Pancreato-biliary disorders are still incredibly challenging in the field of gastroenterology, as they would require comprehensive assessment, good diagnostic performance, and sometimes multi-approach interventional procedures. Recently, therapeutic interventional EUS has emerged as a potential alternative to surgical and percutaneous approaches, such as EUS-guided biliary drainage (EUS-BD), EUS-guided pancreatic fluid collection (PFC) drainage, and EUS-guided gastro-jejunostomy (EUS-GJ). Unfortunately, considering the high cost of EUS, lack of facility and expertise, most gastroenterologists still often refer cases to undergo surgical interventions without contemplating the possibility of utilizing EUS first. Additionally, the superiority of percutaneous approaches as a less invasive option is still deemed as questionable due to its number of complications (i.e., bleeding, bile leakage, sepsis, cholecystitis, pancreatitis, catheter-related pain), especially in high-risk patients. This can become a pitfall in management of pancreato-biliary disorders, since in many developing countries, difficult and complex pancreato-biliary surgical procedures (e.g., pancreaticoduodenectomy) can only be performed in highly expert or tertiary referral centers[1,2]. Moreover, currently, there are only a few studies comparing the clinical outcome of EUS-guided approach and surgical procedure for biliary drainage. Therefore, this review will discuss further regarding available interventional EUS methods in managing pancreato-biliary diseases, as well as their potentials in replacing surgical or percutaneous approaches.

EUS-BD
[bookmark: _Hlk72340463]EUS-BD has become one of the best choices for establishing access to biliary system, given the clear visualization of pancreas, gallbladder, and common bile duct (CBD). The access established by EUS-BD allows endoscopic retrograde cholangiopancreatography (ERCP) to be performed through rendezvous technique (EUS-RV) in the cases of failed cannulation during conventional ERCP when the second part of duodenum and the papilla can still be accessed easily. Meanwhile, the intrahepatic approach, EUS-guided hepatogastrostomy (EUS-HGA) or antegrade stent placement is usually conducted in cases of malignant gastric outlet obstruction where the papilla cannot be accessed easily with scope, or in patients with altered anatomy (e.g., post Whipple procedure). Failed selective cannulation of common biliary duct due to tight distal CBD stenosis or neoplasm (e.g., pancreatic head cancer) can be approached with EUS-guided choledochoduodenostomy (EUS-CDS) technique. EUS-guided drainage can also be advantageous for malignant biliary obstruction by lowering the possibility of adverse effects related to long-term percutaneous drainage tubes and as an alternative to surgical therapies in high-risk patients with many co-morbidities[3,4].
Choosing the most appropriate technique for EUS-BD can be challenging because it needs to be adjusted with the clinical background and long-term management plan for the patients. As one of the techniques for EUS-BD, rendezvous technique is conducted by using EUS scope to insert a wire into biliary tree. This technique consists of several steps. Firstly, the wire can be inserted through the duodenum by trans-duodenal biliary rendezvous (TD-BR) method or through the stomach by trans-gastric transhepatic biliary rendezvous (TGTH-BR). After the wire has been introduced, the EUS scope will be changed into a duodenoscope, and biliary cannulation will be attempted again. Several technical challenges can be encountered while performing TD-BR, such as appropriate positioning of the scope in the duodenum in order to ensure the caudal orientation of needle puncture, difficult structural anomalies (stricture, anastomosis), possibility of dislodging the wire, removing EUS scope without losing the wire access, retrieving the end of the wire through channel of the scope or removal of the scope from the mouth of the patient, and ensuring the cannulation is conducted properly after reaching the papillary orifice. Conditions, in which technical difficulties may be encountered with TGTH-BR, include advancement of the wire according to the position of distal bile duct, lowering the risk of leakage and bleeding since the access to the intrahepatic duct needs to be established across the gastric wall and liver, and deployment of stent. Another technique, which can be done entirely with EUS scope, is EUS-guided trans-gastric and trans-hepatic antegrade drainage. In this technique, the wire is introduced into a branch of left intrahepatic duct across surgical biliary anastomosis. The stent will then be located anterograde across the intended anatomical location[3,4].
Several promising results have been demonstrated with the application of EUS-RV. In the case of failed selective biliary cannulation, EUS-RV can be conducted as a salvage method. A review of case series reported by Isayama et al[5] showed 74% of overall success rate from 247 cases with 11% of total complication rate. Several major complications which could be found were bile leakage, bleeding, peritonitis, pancreatitis, and pneumoperitoneum. The authors also compared various approach routes and concluded that the trans-gastric route had a lower tendency to cause bile leakage compared to the trans-duodenal route. Trans-gastric route also demonstrated a good guide-wire stability after the scope is withdrawn. A single-center retrospective study in 39 subjects who underwent EUS-RV after failed ERCP also showed similar technical success rate (78.6%) with slightly higher complication rate (16.7%) compared to the previous evidence. In this study, the most common reasons of failed EUS-RV were kinking of a guidewire and failure of passing through the strictures[6]. To our knowledge, there has not been any study which directly compares the effectiveness of EUS-RV to surgical approaches in pancreatobiliary disorders. A literature review by Vanbrugghe et al[7] exhibited the possible advantage of EUS-RV in managing late post-operative complication from pancreatoduodenectomy in the form of pancreatico-enteric anastomotic stenosis. The success rate of EUS-RV technique in treating this condition may reach up to 85%.
On the other hand, direct EUS-BD technique is performed by making an anastomosis between gastrointestinal tract and biliary tree. There are two common approaches in direct EUS-BD technique, i.e., EUS-CDS, which is done by making an anastomosis between duodenum and CBD, and EUS-HGA, which is done by making an anastomosis between stomach and left lobe of the liver. The important aspects to be considered in both techniques are the position of the scope, the puncture towards target site, and the placement of the stent[3].
Generally, self-expanding metal stent (SEMS), which was initially designed for ERCP, can be placed uncovered, partially covered, or fully covered for EUS-BD[4]. Nonetheless, recently, the use of lumen apposing metal stent (LAMS) for EUS-CDS has been significantly noticed. Particularly, cautery-assisted LAMS is known to decrease the risk of pneumoperitoneum and bile leakage during EUS-CDS by applying a cutting current by electro-cautery tip of the catheter when the catheter is inserted into the CBD. The application of one catheter system also reduces the duration of access and deployment of the stent[8,9]. Nevertheless, how to maintain the visualization of duct and/or gallbladder during the deployment of LAMS, as well as the possibilities of leakage and perforation by electro-cautery tip still become a problem in the application of direct EUS-BD[3].
Potential adverse events, clinical success rates, and technical difficulties of EUS-BD still become significant contributors to EUS-related morbidity, especially in comparison with other modalities. A meta-analysis by Sharaiha et al[10] demonstrated significantly higher clinical success, fewer adverse events, and fewer re-intervention rates in EUS-BD application compared to percutaneous transhepatic biliary drainage (PTBD) when ERCP fails to provide biliary drainage. Similarly, high success rate was also demonstrated by another meta-analysis, with low-rate of overall procedure-related complications (18.04%) in EUS-BD procedure performed in patients with inoperable malignant biliary strictures who experienced failed ERCP attempt[11]. In contrast, a 2-year retrospective study conducted in a tertiary referral private hospital in Indonesia showed no significant difference in technical and clinical success rates between EUS-BD and PTBD for advanced malignant biliary obstruction. In the same study, the median survival of patients who underwent PTBD also tended to be higher. Despite the type of procedure, shorter survival rate was significantly affected by the presence of metastasis[12]. Comparable result was also obtained from a retrospective study performed by Khashab et al[13], in which higher technical and clinical success rates were observed from PTBD compared to EUS-BD, but with lower number of adverse events and shorter length of hospital stay in EUS-BD. Another retrospective study by Téllez-Ávila et al[14] indicated higher technical and clinical success rates with lower number of complications and shorter length of hospital stay in patients treated with EUS-BD compared to PTBD. Nevertheless, the overall technical and clinical success rates in EUS-BD have been proven to be remarkable in both operable and non-operable biliary obstruction cases, suggesting that EUS-BD can be an alternative approach if surgical approach is not feasible to be performed[15,16]. Additionally, a comparison between EUS-BD and ERCP as the first line approach for inoperable malignant biliary obstruction also demonstrated superiority of EUS-BD, which was shown in higher success rates and lower number of complications[17]. A prospective randomized trial comparing malignant distal biliary obstruction cases (with history of previous failed ERCP attempt) demonstrated similar success rates and complications between EUS-CDS and surgical hepaticojejunostomy. Nonetheless, the median survival was higher and 90-d mortality rate was lower in patients treated with EUS-CDS, suggesting its potential over surgery or percutaneous approaches[18,19] (Table 1).
The limitations of EUS-BD, which have been widely addressed, are particularly related to operational expertise and limited tools and devices (e.g., stents, guide wires) available for EUS-BD[11,12]. The availability of hands-on-training and structured EUS training program in a wider scale is still required since it is critical for the operator to understand the basic skills of performing endoscopy, ultrasound imaging, knowledge of human anatomy, and knowledge of the accessories to be used in order to avoid possible life-threatening complications, for instance, bile leakage, bleeding, or bowel perforation[1].
Cholecystitis is also one of the challenging biliary disorders as it can result in biliary sepsis, and perforated gallbladder. In the case of severe cholecystitis with biliary sepsis or empyema, percutaneous cholecystostomy has become the first management approach, especially in patients with unstable clinical condition. Recently, EUS-guided gallbladder drainage (EUS-GBD) has emerged as a treatment of choice, especially in cholecystitis patients who are not able to undergo cholecystectomy. The access to gallbladder is established through duodenal or gastric wall. In comparison to percutaneous gallbladder drainage (PTGBD), EUS-GBD has been associated with higher technical (90%-98%) and clinical (89%-97%) success rates[2]. This is partly because tube dislodgement often occurs as a complication of PTGBD procedure. Another study, comparing the performance of EUS-GBD and PTGBD in acute cholecystitis patients, showed similar technical success with lower post-procedural adverse events with EUS-GBD[11]. EUS-GBD has also been correlated with shorter hospital stays and significantly lower number of re-interventions (P = 0.005) or unplanned re-admissions rates (P = 0.003) in patients with acute cholecystitis compared to percutaneous cholecystostomy[20].
A variety of stents has been introduced in the application of EUS, which includes plastic stents, SEMSs, and lumen-apposing metal stents (LAMSs). Nowadays, the preferred stent to be used in EUS-GBD procedure is LAMS due to its width, lumen apposition, and practical deployment[2]. Previous clinical evidence showed the possibility of EUS-GBD with LAMS as a safe and effective procedure with high pooled technical and clinical success rates (93.86% and 92.48%, respectively) with acceptable stent-related complication rate (8.16%)[21]. A systematic review by Anderloni et al[22] showed no significant differences in technical and clinical success rates between SEMSs and LAMSs in high-risk patients with acute cholecystitis (98.6% vs 91.5% and 94.4% vs 90.1%, respectively). The frequency of adverse events, however, was lower in LAMSs (9.9%) compared to SEMSs (12.3%). Overall, the EUS-BD approach is determined by the accessibility of papilla and the location of stent placement[4] (Figure 1).

Pancreatic pseudocysts and walled-off necrosis
The most common implementation of EUS in managing pancreatic problems is through drainage of PFCs, such as from pseudocysts and walled-off necrosis. Encapsulated fluid and necrotic collections can occur as localized complications of pancreatitis. The fluid collection is commonly located in the peripancreatic retroperitoneal space next to the stomach and duodenum. It may, however, spread retroperitoneally into the pelvic region or intraperitoneally to mesentery. As a result, multidisciplinary approach is necessary to manage these problems comprehensively. EUS-guided drainage of PFCs can be performed for the pseudocyst, while endoscopic debridement or necrosectomy can be utilized to treat the solid necrosis component of walled-off necrosis. Several indications for drainage are the presence of infection, signs of gastric outlet obstruction, persistent abdominal pain, failure to thrive, biliary obstruction, or large sized non-resolving PFCs[23].
Aside from more appropriate evaluation of the PFC, EUS also serves as an appropriate tool to identify a good needle trajectory by evaluating the transmural vasculature. In addition, the results of EUS-guided PFCs continue to improve as the knowledge about stent placement also advances. Currently, the use of LAMSs is widely proposed to conquer the limitations of plastic and/or SEMSs. As a new cautery-enhanced stent, LAMS can perform electrocautery and provide an access through a puncture at the same step. LAMS also has 2 anchoring ends which can improve the migration process. Although high technical success rate (93.5%-93.9%) has been demonstrated from previous studies for pancreatic pseudocysts and walled-off necrosis[24,25], higher overall adverse event rate was also observed in groups treated with LAMS (41.9%), especially in walled-off necrosis cases[25]. Another meta-analysis by Mohan, et al also stated that no superiority was demonstrated by LAMS in the drainage of pancreatic walled-off necrosis in comparison to plastic stents (clinical success rates: 88.5% vs 88.1%) with slightly lower overall adverse events in LAMS (11.2% vs 15.9%, P = 0.38)[26]. On the other hand, a retrospective study comparing LAMS and double pigtail plastic stents in the management of pancreatic walled-off necrosis indicated better resolution (86.9 d vs 133.6 d, P = 0.038) with lower recurrence rate in LAMS (6.3% vs 23.1%, P = 0.032). Interestingly, this study also indicated lower requirement for surgical treatment in the utilization of LAMS when compared to traditional surgical cyst-enterostomy procedure (0% vs 12.8%, P = 0.031), since no patients in the study needed to undergo surgical necrosectomy after initial LAMS cyst-enterostomy procedure[27]. Further evidence showing superiority of LAMS compared to plastic stents in pancreatic walled-off necrosis was established by Chen et al[28], showing higher clinical success rate in LAMS (80.4% vs 57.5%, P = 0.001) and higher necessity for surgical approach in the use of plastic stents (16.1% in plastic stents vs 5.6% in LAMS, P = 0.02). The most common adverse event from utilizing LAMS is bleeding due to mechanical trauma and/or infection due to occluded lumen of the stent in the necrotic cavity. An approach to reduce the risk of these complications is by placing coaxial plastic stents throughout the lumen of LAMS[29].
As a less invasive technique with lower recurrence rate when compared to percutaneous approach, endoscopic approach has been contemplated as a replacement of surgical approach throughout these years[30]. Comparable results between endoscopic and surgical approaches for pancreatic pseudocysts have been exhibited through two meta-analyses[30,31]. Shorter length of hospital stay, however, was shown by endoscopic approach[32]. Another meta-analysis by Szakó et al[31] demonstrated lower success rate of endoscopic approach but shorter length of hospital stays and similar mortality rates when compared to surgical approach (Table 2).

POTENTIAL UTILIZATION OF INTERVENTIONAL ULTRASOUND IN OTHER CONDITIONS RELATED TO PANCREATIC DISORDERS
[bookmark: _Hlk72341478]EUS-guided gastroenterostomy/jejunostomy
[bookmark: _Hlk58003882]Related to the complications of pancreatic tumors or malignant distal CBD with duodenal infiltration, a mechanical obstruction of the distal stomach or proximal duodenum may occur. As a result, EUS application in the creation of gastroenterostomy or jejunostomy to tackle this problem has also emerged with endoscopic intrinsic stent placement as the standard of care. Nowadays, there are three methods of EUS-guided gastroenterostomy (EUS-GE) with placement of a LAMS: Direct EUS-GE, assisted EUS-GE, and EUS-guided double balloon occluded gastrojejunostomy bypass (EPASS). Since direct EUS-GE procedure involves a puncture of small bowel loop from the stomach, the risk of leakage or perforation is also higher since it requires the correct puncturing of the loop. Meanwhile, assisted EUS-GE technique requires jejunal loops to be distended distal to the location of the stricture with infusion of normal saline through an endoscope or by passing and inflating a balloon over a wire into the jejunum. Lastly, EPASS technique requires oral insertion of special double-balloon enteric tube (filled with normal saline) over a wire (Figure 2)[33]. Complications of this procedure may include perforation, pneumoperitoneum, bleeding, and stent migration[23]. Regardless, a systematic review involving 285 patients who underwent EUS-GE procedure showed high technical [92%, 95% confidence interval (CI): 88-95] and clinical (90%, 95%CI: 85-94) success rates with low number of recurrence of symptoms or unintentional re-intervention (9%, 95%CI: 8-16)[34].
As an alternative to surgical therapy, EUS-GE and EUS-GJ showed potentially promising results. In a multicenter retrospective study comparing between EUS-GE and surgical gastrojejunostomy, although higher technical success rate was shown by surgical gastrojejunostomy (100% vs 87% in EUS-GE, P = 0.009), similar clinical success rate, as well as lower adverse event and symptoms recurrence rate were found from groups treated with EUS-GE[35]. Significantly lower adverse event rate in EUS-GJ was also implicated by Perez-Miranda et al[36], in comparison to laparoscopic gastrojejunostomy, even though the authors also address the technical difficulties of performing EUS-GJ. A recent systematic review and meta-analysis by Jayaraj et al[37] also supported the previous findings by providing significantly lower overall adverse event rate in EUS-GE groups compared to the groups treated with surgical gastroenterostomy. The technical and clinical success rates between both groups were comparable. Similarly, a recent single-center retrospective study also reported that significant faster resumption of oral intake and shorter length of hospital stay were observed in EUS-GE group in comparison with open gastrojejunostomy group. No significant difference was observed in technical and clinical success rates, as well as symptoms recurrence and 30-d readmission rates[38] (Table 3).

CONCLUSION
As a rapidly evolving field, studies about therapeutic interventional EUS continue to emerge in pancreato-biliary disorders. Encouraging evidence of interventional EUS as an alternative approach to percutaneous method or as a possible option to put major surgery as the second choice of treatment, has been demonstrated by comparable technical and success rates, as well as lower adverse event rate. Introduction of multiple devices for EUS-guided thermal ablation is also considered as a potentially safer technique since it minimizes damage to the surrounding organs. Cost-effectiveness, however, still becomes a challenge in many interventional EUS methods. Moreover, additional training or advanced endoscopy fellowship, as well as sufficient facilities, are compulsory to perform interventional EUS since the procedure still carries potential risks.
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Figure Legends
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Figure 1 Proposed algorithm of endoscopic ultrasound-guided biliary drainage approaches. EUS: Endoscopic ultrasound; GI: Gastrointestinal; EUS-GBD: Endoscopic ultrasound-guided gallbladder drainage; EUS-HGA: Endoscopic ultrasound-guided hepatogastrostomy; EUS-CDS: Endoscopic ultrasound-guided choledochoduodenostomy; ERCP: Endoscopic retrograde cholangiopancreatography.
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Figure 2 illustration of endoscopic ultrasound-guided gastroenterostomy/gastrojejunostomy technique.

Table 1 Summary of comparison studies involving endoscopic ultrasound-guided biliary drainage in patients with biliary obstruction
	Ref.
	Design
	Cases
	Number of patients
	Success rates
	Complication rate

	Tyberg et al[15]
	Retrospective study
	Patients with biliary obstruction who failed conventional ERCP
	52
	Technical success rate: 96%. Clinical success rate: 77%
	Adverse events: 10%

	Khashab et al[13]
	Retrospective comparative cohort study
	Patients who underwent EUS-BD or PTBD with distal malignant biliary obstruction after at least one failed ERCP attempt
	73
	Technical success rate: EUS-BD vs PTBD: 86.4% vs 100%. Clinical success rate: EUS-BD vs PTBD: 86.4% vs 92.2%
	Adverse events: EUS-BD vs PTBD: 18.2% vs 39.2%. Re-intervention: EUS-BD vs PTBD: 15.7% vs 80.4%

	Sharaiha et al[10]
	Systematic review and meta-analysis
	Patients who underwent EUS-BD or PTBD with biliary obstruction and failure of ERCP to obtain drainage
	483
	Technical success rate: OR 1.78 (P = 0.25). Clinical success rate: OR 0.45 (P = 0.66) in favor of EUS-BD
	Adverse events: OR 0.23 (P = 0.02). Re-intervention: OR 0.13 (P = 0.77) in favor of EUS-BD

	Téllez-Ávila et al[14]
	Retrospective comparative study
	Patients who underwent EUS-BD or PTBD with biliary obstruction and had at least one previous failed ERCP attempt or difficulty in accessing the second portion of duodenum
	90
	Technical success rate: EUS-BD vs PTBD: 90% vs 78% (P = 0.3). Clinical success rate: EUS-BD vs PTBD: 96% vs 63% (P = 0.04)
	Complications: EUS-BD vs PTBD: 6.6% vs 28% (P = 0.04). Length of hospital stay: EUS-BD vs PTBD: 6.5 d vs 12.5 d (P = 0.009)

	Poincloux et al[16]
	Retrospective study
	Patients with malignant and benign biliary obstruction with previous failed ERCP attempt who underwent EUS intra- or extra-hepatic approach with transluminal stenting or rendezvous procedure with trans-papillary stent placement
	101
	Technical success rate: 98%. Clinical success rate: 92.1%
	Adverse event rate: 11.9%. Six procedure-related deaths

	Lesmana et al[12]
	Retrospective study
	Patients with advanced malignant biliary obstruction, who underwent EUS-BD after failed ERCP attempt
	38
	Technical success rate: EUS-BD vs PTBD: 87.5%% vs 86.7% (P = 1.000). Clinical success rate: EUS-BD vs PTBD: 62.5% vs 93.3% (P = 0.5)
	Adverse events: EUS-BD vs PTBD: 1 patient vs 0 patient

	Han et al[17]
	Systematic review and meta-analysis
	Patients with malignant distal biliary obstruction who underwent EUS-BD with transmural metal stenting or ERCP for primary palliative treatment
	756
	Technical success rate: EUS-BD vs ERCP: 94.8% vs 96.5%. Clinical success rate: EUS-BD vs ERCP: 93.8% vs 95.7%
	Adverse event rate: EUS-BD vs ERCP: 16.3% vs 18.3%

	Moole et al[11]
	Systematic review and meta-analysis
	Patients with inoperable malignant biliary strictures with a failed ERCP attempt, who underwent EUS-BD or PTBD
	528
	Success rate: EUS-BD vs PTBD (pooled OR): 3.06
	Risk difference for overall procedure-related complications in EUS-BD vs PTBD: -0.21. Relative risk for infectious complications and bile leak: EUS-BD vs PTBD: 0.25 vs 0.33

	Artifon et al[18]
	Prospective and randomized trial
	Patients with unresectable malignant distal biliary obstruction (with history of failed standard ERCP) treated with EUS-guided choledochoduodenostomy (EUS-CDT) or surgical biliary bypass or hepaticojejunostomy (HJT)
	32
	Technical success rates: EUS-CDT vs HJT: 88% vs 94% (P = 0.598). Clinical success rates: EUS-CDT vs HJT: 71% vs 93% (P = 0.169)
	Complication rates: EUS-CDT vs HJT: 21.42% vs 13.33% (P = 0.651). Median survival: EUS-CDT vs HJT: 82.36 d vs 82.27 d. 90-d mortality: EUS-CDT vs HJT: 42.9% vs 60% (P = 0.389)


[bookmark: _Hlk50367577]ERCP: Endoscopic retrograde cholangiopancreatography; EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; OR: Odds ratio.

Table 2 Summary of comparative studies of endoscopic ultrasound-guided management of pancreatic pseudocysts
	Ref.
	Design
	Cases
	Number of patients
	Technical success rate
	Complication rate

	Farias et al[30]
	Systematic review and meta-analysis
	Pancreatic pseudocysts
	342
	Risk difference: -0.09 (P = 0.07)
	Drainage-related adverse events:  risk difference: -0.02 (P = 0.48). General adverse events: risk difference: -0.05 (P = 0.13).

	Szakó et al[31]
	Meta-analysis
	Pseudocysts and walled-off necrosis
	842-896
	OR 0.59 (P = 0.022): lower clinical success of endoscopic approach
	Mortality: OR 0.86 (P = 0.870): similar result. Post-operative length of hospital stay: -3.67 (P < 0.001)

	Varadarajulu et al[32]
	Randomized trial
	Pancreatic pseudocysts
	40
	Risk difference: -5% (P = 0.5)
	Risk difference: -10% (P = 0.24). Median of hospital stay: -4 days (P < 0.001): shorter in endoscopic cytogastrostomy


OR: Odds ratio.
[bookmark: _Hlk72343857]
Table 3 Summary of studies comparing endoscopic ultrasound-guided gastroenterostomy/endoscopic ultrasound-guided gastro-jejunostomy with surgical procedures in patients with gastric outlet obstruction
	Ref.
	Design
	Cases
	Number of patients
	Technical success rate
	Complication rate

	Khashab et al[35]
	Retrospective study
	Patients with malignant gastric outlet obstruction who underwent EUS-GE or surgical gastrojejunostomy (SGJ)
	93
	Technical success rate: EUS-GE vs SGJ: 87% vs 100% (P = 0.009). Clinical success rate: EUS-GE vs SGJ: 87% vs 90% (P = 0.8)
	Recurrence rate: EUS-GE vs SGJ: 3% vs 14% (P = 0.2). Adverse event rate: EUS-GE vs SGJ: 16% vs 25% (P = 0.3). Length of stay: EUS-GE vs SGJ: 11.6 ± 6.6 d vs 12 ± 8.2 d (P = 0.35)

	Perez-Miranda et al[36]
	Retrospective study
	Patients with gastric outlet obstruction who underwent EUS-guided gastrojejunostomy (EUS-GJ) or laparoscopic gastrojejunostomy (Lap-GJ)
	54
	Technical success rate: EUS-GJ vs Lap-GJ: 88% vs 100% (P = 0.11). Clinical success rate: EUS-GJ vs Lap-GJ: 84% vs 90% (P = 0.11)
	Adverse event rate: EUS-GJ vs Lap-GJ: 12% vs 41% (P = 0.0386)

	Jayaraj et al[37]
	Systematic review and meta-analysis
	Patients with malignant gastric outlet obstruction who underwent EUS-GE and surgical GE
	171
	Technical success rate: pooled OR: 0.16 (P = 0.033). Clinical success rate: pooled OR: 0.98 (P = 0.984)
	Overall adverse event rate: pooled OR: 0.35 (P = 0.014)

	Kouanda et al[38]
	Retrospective study
	Patients with gastric outlet obstruction who underwent EUS-GE or open gastrojejunostomy (OGJ)
	66
	Technical success rate: EUS-GE vs OGJ: 92.5% vs 100% (P = 0.15)
	Recurrence of the symptoms: EUS-GE vs OGJ: 17.5% vs 19.2% (P = 0.34). Re-intervention rate: EUS-GE vs OGJ: 20% vs 11.5% (P = 0.78). Resumption of oral intake: EUS-GE vs OGJ: 1.3 d vs 4.7 d (P < 0.001). Length of hospital stay: EUS-GE vs OGJ: 5 d vs 14.5 d (P < 0.001). 30-d readmission rate: EUS-GE vs OGJ: 17.5% vs 24.1% (P = 0.37)


EUS-GE: Endoscopic ultrasound-guided gastroenterostomy; OR: Odds ratio.
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