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Abstract
[bookmark: OLE_LINK5065][bookmark: OLE_LINK5066][bookmark: OLE_LINK5067][bookmark: OLE_LINK5068]Therapeutic endoscopic retrograde cholangiopancreatography (ERCP) begins with successful biliary cannulation. However, it is not always be successful. The failure of the initial ERCP is attributed to two main aspects: the papilla/biliary orifice is endoscopically accessible, or it is inaccessible. When the papilla/biliary orifice is accessible, bile duct cannulation failure can occur even with advanced cannulation techniques, including double guidewire techniques, transpancreatic sphincterotomy, needle-knife precut papillotomy, or fistulotomy. There is currently no consensus on the next steps of treatment in this setting. Therefore, this review aims to propose and discuss potential endoscopic options for patients who have failed ERCP due to difficult bile duct cannulation. These options include interval ERCP, percutaneous-transhepatic-endoscopic rendezvous procedures (PTE-RV), and endoscopic ultrasound-assisted rendezvous procedures (EUS-RV). The overall success rate for interval ERCP was 76.3% (68%-79% between studies), and the overall adverse event rate was 7.5% (0-15.9% between studies). The overall success rate for PTE-RV was 88.7% (80.4%-100% between studies), and the overall adverse event rate was 13.2% (4.9%-19.2% between studies). For EUS-RV, the overall success rate was 82%-86.1%, and the overall adverse event rate was 13%-15.6%. Because interval ERCP has an acceptably high success rate and lower adverse event rate and does not require additional expertise, facilities, or other specialists, it can be considered the first choice for salvage therapy. EUS-RV can also be considered if local experts are available. For patients in urgent need of biliary drainage, PTE-RV should be considered.
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[bookmark: OLE_LINK4204][bookmark: OLE_LINK4205][bookmark: OLE_LINK4206]Core Tip: Three endoscopic salvage therapies are available for endoscopic retrograde cholangiopancreatography (ERCP) cannulation failure, but consensus is lacking. This review found that interval ERCP had an overall success rate of 76.3% and an adverse event rate of 7.5%. Percutaneous-transhepatic-endoscopic rendezvous procedure (PTE-RV) had an overall success rate of 88.7% and an adverse event rate of 13.2%. Endoscopic ultrasound-assisted rendezvous procedures (EUS-RV) had an overall success rate of 82%-86.1% and an adverse event rate of 13%-15.6%. Interval ERCP may be preferred, but EUS-RV may also be considered if a local expert is available. PTE-RV is reserved for patients requiring urgent biliary drainage.


INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) has become the treatment of choice for biliary tract diseases in recent decades. Selective biliary cannulation (SBC) is a critical step in the success of therapeutic ERCP; however, it is not always successful, even for experienced endoscopists[1]. The failure to achieve SBC during the initial ERCP can be attributed to two main aspects: an endoscopically inaccessible papilla/biliary orifice; and an endoscopically accessible papilla/biliary orifice but failed SBC with available cannulation methods. Management of initial ERCP failure constitutes a major clinical challenge for endoscopists. This review focuses on the endoscopic management of initial SBC failure in patients with an accessible papilla/biliary orifice.
[bookmark: OLE_LINK5069][bookmark: OLE_LINK5070]When the major papilla is accessible, SBC typically begins with standard cannulation methods through a cannula or sphincterotome using either guidewire-assisted or contrast-guided techniques[2]. Using standard cannulation techniques, SBC fails in approximately 5% to 15% of cases[3]. This condition is often referred to as difficult biliary cannulation, although definitions have varied widely between endoscopists or studies[4,5]. In this case, depending on the experience or preference of the endoscopist, a variety of advanced techniques can be applied as a means of rescue. In general, when unintentional pancreatic guidewire insertion has been achieved, a double guidewire cannulation approach can be attempted[1]. Alternately or sequentially, transpancreatic sphincterotomy can be performed[6]. However, some endoscopists might prefer to perform needle-knife precut papillotomy (NKP) or needle-knife fistulotomy (NKF), especially after the placement of a pancreatic stent[2,7]. If the pancreatic duct is not cannulated, however, only NKP or NKF can be applied[4]. The application of these advanced technologies does not require additional facilities. Today, most qualified ERCP endoscopists can master at least some of these advanced cannulation techniques, so these procedures can often be performed by the same endoscopist during the same endoscopic session[8]. Despite these rescue techniques, failed biliary cannulation can occur[9]. Therefore, in this review, difficult biliary cannulation was defined as failure to achieve SBC using the advanced techniques described above[10,11]. In the setting of difficult bile duct cannulation, there is currently no consensus on the next steps in treatment[9]. Because endoscopic therapy has the advantage of a broader range of treatment options and no need for external drainage, this review aims to propose and discuss potential endoscopic options, alone or in combination with the percutaneous procedure, for patients who have failed initial ERCP due to difficult bile duct cannulation. These endoscopic options include interval ERCP, percutaneous-transhepatic-endoscopic rendezvous procedures (PTE-RV), and endoscopic ultrasound (EUS)-guided procedures. We also propose a potential treatment algorithm to provide practical advice.

INTERVAL ERCP
In a literature search in early 2022, we were only able to find 7 studies (371 patients in total) reporting interval ERCP[9,12-17]. All of these studies were retrospective. There were no review/meta-analysis articles on this topic. However, when SBC cannot be achieved by advanced cannulation techniques, such as NKP or NKF, these studies have shown that interval ERCP is a viable treatment option (Table 1)[9,12-17]. The overall success rate of interval ERCP was 76.3% (68%-79% between studies). The time interval between the initial ERCP and the interval ERCP varies greatly from study to study (median, 3-8 d)[9,12,13,15-17]. Three studies reported that 0%, 16%, and 28% of patients required a second precut procedure during the interval ERCP, respectively[9,12,14].
Interestingly, the timing to perform interval ERCP appeared to affect the success rate of interval ERCP[9,13,14,16]. The edema, tissue necrosis, and even bleeding of the major papilla caused by cannulation and/or NKP/F improved over time, resulting in an open and easily accessible papilla (Figures 1 and 2). Therefore, the success rate of interval ERCP could increase if it could be delayed for a couple of days. Donnellan et al[13] reported a significantly longer median time interval between initial and interval ERCP in the successful cannulation group compared to the failed cannulation group (6.0, 1-28 d vs 3.0, 1-8 d; P = 0.02). Kim et al[14] studied only patients who received interval ERCP within 3 d[14]. They reported that the success rate of interval ERCP after one day was significantly lower than after 2-3 d (65.7% vs 88.2%, P = 0.027). Except for the time interval, no other factor was significantly associated with the success of interval ERCP in their study. Colan-Hernandez et al[16] performed univariate and multivariate analyses of factors associated with interval ERCP cannulation failure. They found that the ERCP interval within 4 d after the initial precut was the only significant factor (cannulation success rate of 44.4% vs 79.4%, P = 0.024 for univariate and 0.026 for multivariate analysis). However, in our study, we did not find any factors associated with interval ERCP failure in either the univariate or multivariate analysis[9].
Adverse events of interval ERCP were reported in five studies involving a total of 254 patients[9,12-14,16]. These adverse events included pancreatitis, bleeding, perforation, and cholangitis. The overall adverse event rate was 7.5% (0-15.9% between studies). Pancreatitis occurred in 1.6% (0-2.9%); all cases were mild. The bleeding rate was 2.8% (0-5.8%). Approximately half of the bleeding was mild, and the other half was moderate. The perforation rate was 1.2% (0-2.9%); all cases were mild. The cholangitis rate was 2.0% (0-4.7%). Two studies compared adverse event rates for initial and interval ERCP and found no significant difference[14,15].
In these studies, only 38%-82% of patients received interval ERCP when initial NKP/F failed to achieve SBC[9,12-17]. This result could reflect that some other salvage treatments, such as percutaneous or EUS-guided drainage, are still applicable in this situation[18].

PERCUTANEOUS-TRANSHEPATIC-ENDOSCOPIC RENDEZVOUS PROCEDURES
Percutaneous transhepatic biliary drainage (PTBD) remains possibly the most widely used salvage therapy in the setting of initial ERCP failure[19]. However, PTBD has some drawbacks, including a high rate of adverse events, decreased patient quality of life, and most importantly, providing of somewhat limited options for therapeutic maneuvers[3]. In addition, external drainage can cause discomfort and pain and often requires reintervention[20]. Therefore, an improved technique combining percutaneous and endoscopic approaches, known as percutaneous-transhepatic-endoscopic rendezvous procedures (PTE-RV), seems preferable to PTBD[21]. PTE-RV have been around for more than three decades[22]. They have several advantages over PTBD alone: (1) PTE-RV allow for transhepatic puncture using only small-caliber catheters, thereby reducing complications. Bokemeyer et al[21] reported significantly fewer complications with PTE-RV than in PTBD (16.6% vs 26.4%; P = 0.037); (2) PTE-RV allow endoscopists to perform therapeutic ERCP in the usual manner through rendezvous access; and (3) Although PTBD is part of PTE-RV, once the biliary obstruction is resolved, the percutaneous access is closed[23].
PTE-RV can be executed as a one-stage procedure or a two-stage procedure[23]. The advantage of the one-stage procedure is that there is no need to insert a PTBD catheter. The two-stage procedure includes PTBD during the first session and internalization of the drain using an endoscope during the second session. These two steps are usually separated by a few hours to a few days[24]. Wayman et al[25] compared one-stage (n = 19) and two-stage PTE-RV (n = 22) and found that the technical success rates were comparable (94.7% vs 95.5%), but adverse events were more common in the two-stage group (37% vs 73%, P < 0.05), mainly due to complications related to external drainage.
For the following purposes, we recommend the insertion of a percutaneously placed hydrophilic-coated catheter (e.g., angiocatheter) before the endoscopic rendezvous procedure (Figure 3A). First, the hepatic capsule and parenchyma, which could be damaged by the antegrade-introduced guidewire (AGW), were protected. Second, to ensure percutaneous access, once the AGW is lost incidentally during PTE-RV, it can be reintroduced into the biliary tree. Third, to facilitate the movements of AGW. After the AGW is introduced into the duodenum, there are several ways to achieve SBC[23,26]. The first and most classic technique is to grasp the distal end of the AGW with a snare and then pull the wire through the working channel of the endoscope. Retrograde bile duct cannulation can then be achieved over the wire (Figure 3B). This technique is particularly useful for patients with tight biliary strictures since the guidewire can be secured at both sides of percutaneous and endoscopic routes to facilitate retrograde passage of a catheter or stent through the stricture (push-pull technique). However, this technique might be limited by the difficult capture of the AGW and laborious guidewire manipulation, the potential for kinking or accidental loss of the AGW during withdrawal, and the risk of hepatic capsule/parenchymal tearing during AGW manipulation. The second and parallel technique is to use a standard ERCP cannulation method alongside the AGW or the percutaneously introduced catheter (Figure 3C). The advantage of this technique is that it is simple and perhaps time saving while avoiding the limitations of classical techniques. However, in some cases, it can be difficult. In such cases, retrograde biliary cannulation can be performed after antegrade balloon dilation of the biliary orifice. The other adjunctive maneuvers include insertion of a retrograde guidewire into a percutaneously placed catheter exiting the ampulla or insertion of a sphincterotome into the AGW exiting the ampulla[26].
PTE-RV has been relatively less investigated. In a literature search in early 2022, we found no review/meta-analysis articles on this topic. We were only able to find six studies (441 patients in total) over the past decade; all of them were retrospective (Table 2)[21,23,24,26-28]. The reason for PTE-RV in the searched studies was the failure of the initial ERCP. All but one study on the management of biliary strictures after living-donor liver transplantation included patients with malignant biliary strictures[28], ranging from 38% to 100% of study patients. PTE-RV is effective, with a technical success rate of 88.7% (80.4%-100% between studies). PTE-RV is also safe, with an overall adverse event rate of 13.2% (4.9%-19.2% between studies). Most studies reported no deaths from procedure-related mortality, except for one study that reported a 3.5% mortality rate possibly related to the PTE-RV procedure[23,24,27,28].

EUS-ASSISTED OR GUIDED BILIARY DRAINAGE
[bookmark: OLE_LINK5079][bookmark: OLE_LINK5080]EUS-assisted or guided biliary drainage (EUS-BD) includes the EUS-assisted rendezvous technique (EUS-RV), EUS-guided choledochoduodenostomy (EUS-CDS), EUS-guided hepaticogastrostomy (EUS-HGS) and other procedures[29]. EUS-RV is designed to facilitate ERCP and does not involve tract dilation or stent placement and is therefore more physiologically and minimally invasive among the existing EUS-guided procedures[30]. Indications for EUS-RV include benign or potentially resectable malignant cases and unresectable malignant cases not suitable for other EUS-BD methods[31,32]. EUS-CDS and EUS-HGS involve direct transmural biliary drainage, so there could be some serious adverse events[33]. Therefore, both techniques are currently indicated for unresectable malignant cases[29-31,33]. EUS-HGS and EUS-CDS are mainly used in patients in whom access to the papilla is not possible, such as in cases of duodenal obstruction or surgically altered anatomy. Therefore, they are beyond the scope of this review and are not included. However, indications for EUS-BD might change over time as technology advances, and improvements in devices/stents could increase technical success rates and reduce adverse event rates[34-37].

EUS-assisted rendezvous technique
[bookmark: OLE_LINK5121][bookmark: OLE_LINK5122][bookmark: OLE_LINK5123][bookmark: OLE_LINK5124]In EUS-RV, the bile duct is punctured under EUS guidance, followed by the introduction of an AGW into the duodenum (Figure 4). The EUS endoscope is then switched to a duodenoscope, with eventual ERCP (SBC is achieved over the AGW or in parallel to the AGW). There are three puncture routes for EUS-RV[11,31,38]: (1) The intrahepatic bile duct (IHBD) route: Either transesophageal puncture of B2 or transgastric puncture of B2 or B3 can be performed. If the target is the right IHBD, it can be punctured from the duodenal bulb (D1). Transgastric puncture of B2 is most frequently performed; (2) The extrahepatic bile duct (EHBD)/D1 route, with puncture from D1: In this route, the endoscope is usually in the push position (long position), and the proximal EHBD is punctured; and (3) The EHBD/second portion of the duodenum (D2) route, with puncture from D2. In this route, the endoscope is usually in a short position, and the distal EHBD is punctured.
Two studies proposing treatment algorithms suggested using the EHBD/D2 route as a first-line approach[10,31]. They reported that the EHBD/D2 route was feasible in 50%-62.5% of patients, with EUS-RV success rates of 100% in both studies. Iwashita et al[10] found that the EUS-RV success rate via the EHBD/D1 and IHBD routes was only 66.7%. Matsubara et al[31] found that the time between puncture and guidewire placement with the DEHBD/D2 route was significantly shorter than that with other methods (3.5 min vs 14.0 min, P = 0.014). Therefore, EUS-RV via the EHBD/D2 route can be considered a first-line approach when feasible, although the route of access should be chosen on a patient-by-patient basis[10,31,32]. In the case of the IHBD approach, Iwashita et al[39] reported a hybrid rendezvous technique, in which a 6-French dilator was inserted into the biliary system for better guidewire manipulation, which could improve the technical success rate.
EUS-RV has been increasingly used in patients with SBC failure in initial ERCP[11,30]. A review by Tsuchiya et al[11] in 2016 (15 studies, 382 patients) reported that EUS-RV had an overall success rate of 82% (50%-100% between studies) and a complication rate of 13% (0-23% between studies). They also found that the IHBD puncture route had a lower success rate than the EHBD route (76% vs 85%). Therefore, in this review, we performed a literature search in Medline and included studies published after 2015 (7 studies, 177 patients; Table 3)[10,31,32,40-43]. The proportion of patients with malignant biliary obstruction was 43.5% (0-68.8% between studies). The results showed an overall EUS-RV success rate of 84.4% (78.6%-100% between studies) and a complication rate of 15.6% (6.3%-23.3% between studies) for EUS-RV. These results are similar to those in the aforementioned review article. Furthermore, we found that the IHBD puncture route also had a lower success rate than the EHBD route (74.2% vs 84.9%). The associated complications included pancreatitis (6.7%), cholangitis (1.7%), bile leak/peritonitis (3.3%), hematoma (0.6%), perforation (0.6%), pneumomediastinum (1.7%), aspiration pneumonia (0.6%), and gastric mucosal laceration (0.6%). In a recent meta-analysis (12 studies, 342 patients), Klair et al[30] further reported that, if only patients with normal anatomy (without surgical alterations) were included in the analysis, the technical success rate would have improved from 86.1% to 88.3%. The pooled clinical success rate was 80.8% (95%CI: 64.1-90.8). The pooled overall adverse event rate was 14% (95%CI: 10.5-18.4), including pancreatitis (7.2%), cholangitis (2.3%), bile leak (3.3%), bleeding (2.1%), perforation (2.7%), and peritonitis (2.3%). However, all of the studies included in this meta-analysis were retrospective.
Some unanswered questions remain; for example, does early switching to EUS-RV without spending too much time on advanced cannulation techniques improve technical success rates and reduce complication rates[44]? Further studies are required to clarify this issue.

CONCLUSION
Based on this review, interval ERCP appears to have the lowest technical success rate and overall complication rate of the three endoscopic salvage methods. Given the acceptably high success rates and low complication rates, and without the need for additional expertise, facilities (e.g., EUS), or other specialists (e.g., radiologists), interval ERCP can be considered the first choice when SBC is not feasible with advanced cannulation techniques[4]. In this way, more invasive alternative interventions can be avoided in approximately three-quarters of patients. However, the main limitation of interval ERCP is that it must be delayed by a few days to improve the success rate. Therefore, patients in urgent need of biliary drainage (e.g., uncontrolled cholangitis) should undergo other, more invasive therapies. In this setting, since percutaneous biliary puncture is a more widespread technique than EUS-BD, and most ERCP endoscopists can perform rendezvous procedures, two-stage PTE-RV can be considered because PTBD can achieve early bile drainage. Of course, if both interventional radiologists and endoscopists are available, one-stage PTE-RV is welcome because it reduces complication rates. Another situation in which PTE-RV can be considered a first choice is when the patient has a PTBD drainage tube before the initial ERCP. EUS-BD is a relatively new technique and requires additional technical expertise/facilities, and as such, its use has been limited to some ERCP endoscopists at some advanced endoscopy centers. When local experts are available, EUS-BD could serve as a first-line salvage technique before considering PTBD, as recommended by recently issued ESGE guidelines[29]. If not, it might be performed in a second endoscopic session by another endoscopist with dual endoscopic techniques. Based on the current review, we propose a treatment algorithm to provide practical recommendations, as shown in Figure 5. Since there have been no comparative studies between treatments, the suggested practice should be validated by further studies.
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Figure 1 Interval endoscopic retrograde cholangiopancreatography, 1 d after the initial procedure. A: The original papilla in the initial endoscopic retrograde cholangiopancreatography (ERCP); B: Post-precut papilla, at the end of initial ERCP; C: post-precut papilla, at the beginning of interval ERCP. The papilla is swollen, edematous, and with mild oozing; D: Deep bile duct cannulation is unsuccessful during the interval ERCP, even after the placement of a pancreatic stent.
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Figure 2 Interval endoscopic retrograde cholangiopancreatography, 3 d after the initial procedure. A: The original papilla in the initial endoscopic retrograde cholangiopancreatography (ERCP); B: Post-precut papilla, at the end of initial ERCP; C: post-precut papilla, at the beginning of interval ERCP. Papillary edema due to pre-cut has disappeared; D: Deep bile duct cannulation is successful during the interval ERCP.
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Figure 3 Percutaneous-transhepatic-endoscopic rendezvous procedures. A: Placement of an angiocatheter to protect the liver capsule and parenchyma from guidewire damage; B: A metal stent is passed through the distal biliary stricture over the antegrade-introduced guidewire; C: Cannulation alongside the antegrade-introduced angiocatheter.
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Figure 4 Endoscopic ultrasound-assisted rendezvous procedures. A: Under endoscopic ultrasound, the proximal extrahepatic bile duct is punctured through the duodenal bulb. The sonoendoscope is in a long position; B: The guidewire is delivered antegradely to the duodenum through the puncture route; C: Switch to a duodenoscope to grasp the antegradely introduced guidewire.
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[bookmark: OLE_LINK5095][bookmark: OLE_LINK5096][bookmark: OLE_LINK5083][bookmark: OLE_LINK5084]Figure 5 The proposed treatment algorithm. ERCP: Endoscopic retrograde cholangiopancreatography; PTBD: Percutaneous transhepatic biliary drainage; PTE-RV: Percutaneous-transhepatic-endoscopic rendezvous procedure; EUS-BD: Endoscopic ultrasound-assisted or guided biliary drainage.


[bookmark: OLE_LINK5093][bookmark: OLE_LINK5094]Table 1 Summary of studies on reporting interval endoscopic retrograde cholangiopancreatography
	Ref.
	Study design (patient number)
	Percentage1
	Median time interval2 (range)
	Pre-cut during interval ERCP
	Technical success rate
	Factors associated with success
	Overall complication rate

	[bookmark: OLE_LINK5085][bookmark: OLE_LINK5086]Kevans et al[12] (2010)
	Retrospective (n = 19)
	53% (19/36)
	6 d (1-21 d)
	0%
	68% (13/19)
	NA
	0

	Donnellan et al[13] (2012)
	Retrospective (n = 51)
	68% (51/75)
	8 d (1-28 d)
	NA
	75% (38/51)
	3 d vs 6 d (failure vs success)
	3.9% (2/51)

	[bookmark: OLE_LINK5087][bookmark: OLE_LINK5088]Kim et al[14] (2012)
	Retrospective (n = 69)
	76% (69/91)
	NA (1-3 d)
	16% (11/69)
	77% (53/69)
	1 d vs 2-3 d (66% vs 88%)
	15.9% (11/69)

	Pavlides et al[15] (2014)
	Retrospective (n = 89)
	82% (89/108)
	4 d (IQR 3-6 d)
	NA
	78% (69/89)
	NA
	-

	[bookmark: OLE_LINK5089][bookmark: OLE_LINK5090]Colan-Hernandez et al[16] (2017)
	Retrospective (n = 72)
	64% (72/112)
	7 d (IQR 5-11 d)
	NA
	75% (54/72)
	≤ 4 d vs > 4 d (44% vs 79%)
	4.2% (3/72)

	[bookmark: OLE_LINK5091][bookmark: OLE_LINK5092]Narayan et al[17] (2017)
	Retrospective (n = 28)
	76% (28/37)
	3 d (3-4 d)
	NA
	79% (22/28)
	NA
	-

	Lo et al[9] (2021)
	Retrospective (n = 43)
	38% (43/114)
	4 d (1-20 d)
	28% (12/43)
	79% (34/43)
	None
	7.0% (3/43)

	Overall
	n = 371
	-
	-
	-
	76.3% (281/371)
	-
	7.5% (19/254)


1Number of study cases as a percentage of initial endoscopic retrograde cholangiopancreatography (ERCP) failures.
2Time interval between initial and interval ERCP.
[bookmark: OLE_LINK5105][bookmark: OLE_LINK5106][bookmark: OLE_LINK5097][bookmark: OLE_LINK5098]ERCP: Endoscopic retrograde cholangiopancreatography; NA: Not available; IQR: Interquartile range.


Table 2 Summary of studies on reporting percutaneous-transhepatic-endoscopic rendezvous procedures
	Ref.
	Study design (patient number)
	Malignant biliary obstruction
	One-stage vs two-stage
	Technical success rate
	Adverse events
	PTE-RV related mortality

	[bookmark: OLE_LINK5099][bookmark: OLE_LINK5100]Chivot et al[23] (2021)
	Retrospective (n = 84)
	78.5%
	One-stage
	95.2% (80/84)
	19% (16/84); Cholangitis: 9.5%; Pancreatitis: 3.5%; Hemorrhage: 2.3%; Pneumoperitoneum: 3.5%
	3.5%

	[bookmark: OLE_LINK5101][bookmark: OLE_LINK5102]Bokemeyer et al[21] (2019)
	Retrospective (n = 163)
	71.3%
	NA
	80.4% (131/163)
	16.6% (27/163); Procedure-related complications: 8.6%; Drainage-related complications: 8%
	NA

	[bookmark: OLE_LINK5103][bookmark: OLE_LINK5104]Yang et al[26] (2017)
	Retrospective (n = 42)
	38%
	Two-stage
	92.9% (39/42)
	7.1% (3/42)
	NA

	Tomizawa et al[24] (2014)
	Retrospective (n = 26)
	91%
	One-stage (73%) or two-stage
	88% (23/26)
	19.2% (5/26)
	0

	Neal et al[27] (2010)
	Retrospective (n = 106)
	100%
	Two-stage
	92.5% (98/106)
	4.9% (5/106)
	0

	Chang et al[28] (2010)
	Retrospective (n = 20)
	0
	Two-stage
	100% (20/20)
	10% (2/20); Pancreatitis: 5%; Cholangitis: 5%
	0

	Overall
	441
	-
	-
	88.7% (391/441)
	13.2% (58/441)
	-


PTE-RV: Percutaneous-transhepatic-endoscopic rendezvous procedures; NA: Not available.

Table 3 Summary of studies on reporting endoscopic ultrasound-guided rendezvous procedures
	Ref.
	Study design (patient number)
	Malignant biliary obstruction
	Success rate via EHBD
	Success rate via IHBD
	Overall technical success rate
	Overall complication rate

	[bookmark: OLE_LINK5107][bookmark: OLE_LINK5108]Iwashita et al[10] (2016)
	Prospective (n = 20)
	60% (12/20)
	86.7% (13/15)
	75% (3/4)
	80% (16/20)
	15% (3/20); Hematoma (5%); Pancreatitis (10%)

	[bookmark: OLE_LINK5109][bookmark: OLE_LINK5110]Tang et al[40] (2016)
	Retrospective (n = 25)
	52% (13/25)
	83.3% (20/24)
	0 (0/1)
	80% (20/25)
	16% (4/25); Pancreatitis (12%); Cholangitis (4%)

	[bookmark: OLE_LINK5111][bookmark: OLE_LINK5112]Okuno et al[32] (2017)
	Retrospective (n = 39)
	62.5% (24/39)
	84.6% (22/26)
	68.8% (11/16)
	78.6% (33/42)
	16.7% (7/42); Pneumomediastinum (4.8%); Retroperitoneal perforation (2.4%); Cholangitis (2.4%); Peritonitis (4.8%); Pancreatitis (2.4%)

	[bookmark: OLE_LINK5113][bookmark: OLE_LINK5114]Nakai et al[41] (2017)
	Retrospective (n = 30)
	30% (9/30)
	NA
	NA
	93.3% (28/30)
	23.3% (7/30); Pancreatitis (10.0 %); Bile peritonitis (3.3 %); Cholangitis (3.3 %); Aspiration pneumonia (3.3 %); Gastric mucosa laceration (3.3 %)

	[bookmark: OLE_LINK5115][bookmark: OLE_LINK5116]Shiomi et al[42] (2018)
	Prospective (n = 20)
	40% (8/20)
	83.3% (10/12)
	87.5% (7/8)
	85% (17/20)
	15% (3/20); Biliary peritonitis (10%); Pancreatitis (5%)

	[bookmark: OLE_LINK5117][bookmark: OLE_LINK5118]Martínez et al[43] (2019)
	Retrospective (n = 27)
	0
	81.5 % (22/27)
	-
	81.5 % (22/27)
	11.1% (3/27); Pneumomediastinum (3.7%); Bile leak (3.7%); Pancreatitis (3.7%)

	[bookmark: OLE_LINK5119][bookmark: OLE_LINK5120]Matsubara et al[31] (2020)
	Retrospective (n = 16)
	68.8% (11/16)
	93.3% (14/15)
	100% (2/21)
	100% (16/16)
	6.3% (1/16); Pancreatitis (6.3%)

	Overall
	n = 177
	43.5% (77/177)
	84.9% (101/119)
	74.2% (23/31)
	84.4% (152/180)
	15.6% (28/180); Pancreatitis (6.7%); Bile leak/peritonitis (3.3%); Cholangitis (1.7%); Pneumomediastinum (1.7%); Retroperitoneal perforation (0.6%); Hematoma (0.6%); Aspiration pneumonia (0.6%); Gastric mucosa laceration (0.6%)


[bookmark: OLE_LINK5125][bookmark: OLE_LINK5126]1Including one patient had initial extrahepatic bile duct approach attempt.
NA: Not available; IHBD: Intrahepatic bile duct; EHBD: Extrahepatic bile duct.
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