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Abstract
Despite improvements in endoscopic technologies and accessories, development of advanced endoscopy fellowship programs, and advances in ancillary imaging techniques, biliary cannulation in endoscopic retrograde cholangiopancreatography (ERCP) can still be unsuccessful in up to 20% of patients, even in referral centers. Once cannulation has been deemed to be difficult, the risk of post-ERCP pancreatitis and technical failure inherently increases. A number of factors, including endoscopist experience and patient anatomy, have been associated with difficult biliary cannulation, but predicting a case of difficult cannulation a priori is often not possible. Numerous techniques such as pancreatic guidewire and stenting, early pre-cut, and rendezvous may be employed when standard approaches fail. Data regarding the rate of success and adverse events of these techniques have been variable, though most studies suggest that pancreatic duct stenting generally reduces the rate of post-ERCP pancreatitis in instances of difficult biliary cannulation. Here we provide a review on difficult biliary cannulation and discuss how the choice of which techniques to employ and how to best employ them should be individualized and take into account the skill of the endoscopist, the disorder being treated, the anatomy of the patient, and the available biomedical literature. 

[bookmark: _30j0zll]Key words: Selective biliary cannulation; Post-endoscopic retrograde cholangiopancreatography pancreatitis; Periampullary diverticulum; Precut technique; Endoscopic ultrasound; Rendezvous endoscopic retrograde cholangiopancreatography

[bookmark: OLE_LINK98][bookmark: OLE_LINK156][bookmark: OLE_LINK196][bookmark: OLE_LINK217][bookmark: OLE_LINK242][bookmark: OLE_LINK247][bookmark: OLE_LINK311][bookmark: OLE_LINK312][bookmark: OLE_LINK325][bookmark: OLE_LINK330][bookmark: OLE_LINK513][bookmark: OLE_LINK514][bookmark: OLE_LINK464][bookmark: OLE_LINK465][bookmark: OLE_LINK466][bookmark: OLE_LINK470][bookmark: OLE_LINK471][bookmark: OLE_LINK472][bookmark: OLE_LINK474][bookmark: OLE_LINK512][bookmark: OLE_LINK800][bookmark: OLE_LINK982][bookmark: OLE_LINK1027][bookmark: OLE_LINK504][bookmark: OLE_LINK546][bookmark: OLE_LINK547][bookmark: OLE_LINK575][bookmark: OLE_LINK640][bookmark: OLE_LINK672][bookmark: OLE_LINK714][bookmark: OLE_LINK651][bookmark: OLE_LINK652][bookmark: OLE_LINK744][bookmark: OLE_LINK758][bookmark: OLE_LINK787][bookmark: OLE_LINK807][bookmark: OLE_LINK820][bookmark: OLE_LINK862][bookmark: OLE_LINK879][bookmark: OLE_LINK906][bookmark: OLE_LINK928][bookmark: OLE_LINK960][bookmark: OLE_LINK861][bookmark: OLE_LINK983][bookmark: OLE_LINK1334][bookmark: OLE_LINK1029][bookmark: OLE_LINK1060][bookmark: OLE_LINK1061][bookmark: OLE_LINK1348][bookmark: OLE_LINK1086][bookmark: OLE_LINK1100][bookmark: OLE_LINK1125][bookmark: OLE_LINK1163][bookmark: OLE_LINK1193][bookmark: OLE_LINK1219][bookmark: OLE_LINK1247][bookmark: OLE_LINK1284][bookmark: OLE_LINK1313][bookmark: OLE_LINK1361][bookmark: OLE_LINK1384][bookmark: OLE_LINK1403][bookmark: OLE_LINK1437][bookmark: OLE_LINK1454][bookmark: OLE_LINK1480][bookmark: OLE_LINK1504][bookmark: OLE_LINK1516][bookmark: OLE_LINK135][bookmark: OLE_LINK216][bookmark: OLE_LINK259][bookmark: OLE_LINK1186][bookmark: OLE_LINK1265][bookmark: OLE_LINK1373][bookmark: OLE_LINK1478][bookmark: OLE_LINK1644][bookmark: OLE_LINK1884][bookmark: OLE_LINK1885][bookmark: OLE_LINK1538][bookmark: OLE_LINK1539][bookmark: OLE_LINK1543][bookmark: OLE_LINK1549][bookmark: OLE_LINK1778][bookmark: OLE_LINK1756][bookmark: OLE_LINK1776][bookmark: OLE_LINK1777][bookmark: OLE_LINK1868][bookmark: OLE_LINK1744][bookmark: OLE_LINK1817][bookmark: OLE_LINK1835][bookmark: OLE_LINK1866][bookmark: OLE_LINK1882][bookmark: OLE_LINK1901][bookmark: OLE_LINK1902][bookmark: OLE_LINK2013][bookmark: OLE_LINK1894][bookmark: OLE_LINK1929][bookmark: OLE_LINK1941][bookmark: OLE_LINK1995][bookmark: OLE_LINK1938][bookmark: OLE_LINK2081][bookmark: OLE_LINK2082][bookmark: OLE_LINK2292][bookmark: OLE_LINK1931][bookmark: OLE_LINK1964][bookmark: OLE_LINK2020][bookmark: OLE_LINK2071][bookmark: OLE_LINK2134][bookmark: OLE_LINK2265][bookmark: OLE_LINK2562][bookmark: OLE_LINK1923][bookmark: OLE_LINK2192][bookmark: OLE_LINK2110][bookmark: OLE_LINK2445][bookmark: OLE_LINK2446][bookmark: OLE_LINK2169][bookmark: OLE_LINK2190][bookmark: OLE_LINK2331][bookmark: OLE_LINK2345][bookmark: OLE_LINK2467][bookmark: OLE_LINK2484][bookmark: OLE_LINK2157][bookmark: OLE_LINK2221][bookmark: OLE_LINK2252][bookmark: OLE_LINK2348][bookmark: OLE_LINK2451][bookmark: OLE_LINK2627][bookmark: OLE_LINK2482][bookmark: OLE_LINK2663][bookmark: OLE_LINK2761][bookmark: OLE_LINK2856][bookmark: OLE_LINK2993][bookmark: OLE_LINK2643][bookmark: OLE_LINK2583][bookmark: OLE_LINK2762][bookmark: OLE_LINK2962][bookmark: OLE_LINK2582][bookmark: OLE_LINK197]© The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Endoscopic retrograde cholangiopancreatography (ERCP) serves an important role in the treatment of biliary obstruction, gastrointestinal malignancies, therapeutic ductal stenting and more. Successful ERCP hinges on efficient biliary cannulation. In this review, we provide an overview on the standard methods for selective biliary cannulation, factors that can cause difficult cannulation, and an in-depth summary of techniques used to facilitate cannulation after repeat attempts. 
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INTRODUCTION
Successful biliary cannulation was first achieved by the obstetrician William McCune and the surgical team at George Washington University, using an Eder fiberoptic duodenoscope equipped with a forward and side lens. At that time, McCune recorded a 50% success rate, and wrote, “Anyone who looks through one of these instruments has to have 2 personality characteristics. First, he has to be honest, and second, must have an undying, blind, day and night, uncompromising persistence.” Rapid improvement in success rates came one year later in Japan, when Oi[1] developed a side-viewing fiberoptic duodenoscope with the ability to manipulate the cannula. The investigators reported a 77% success rate, without significant morbidity. Five years later, the improvement in ERCP methodologies led to additional techniques; some researcher in Erlangen, Germany and Kawai[2] in Japan were independently working on therapeutic uses of ERCP, documenting the first cases of biliary sphincterotomy. The “Demling-Classen” probe allowed for success sphincterotomy (i.e., “Erlangen”sphincterotomy) and the ability to inject contrast dye while the catheter was held in place. Meanwhile, Kawai[2] developed a technique similar to modern-day needle knife sphincterotomy. These early breakthroughs were inspired by many sources, including the already ubiquitous use of baskets, stents, catheters and guidewires in the fields of cardiology, urology, and interventional radiology, and have undoubtedly laid the foundation for modern day ERCP.
The evolution of ERCP has similarly been influenced heavily by radiologic advances such as magnetic resonance cholangiopancreatopgraphy (MRCP), surgical advances such as laproscopic cholecystectomy, and endoscopic ultrasound (EUS). Today, the indications for ERCP are numerous, including but not limited to: biliary obstruction in the setting of stones, malignancy, infection, and parasites, types 1 and 2 sphincter of Oddi dysfunction, palliative and therapeutic ductal stenting, therapies for biliary tract malignancies (e.g., photodynamic therapy (PDT), radiofrequency ablation (RFA), etc. for cholangicarcinoma), and many more. Regardless of the indication, ERCP has been and remains an invasive procedure that requires advanced training and finesse to safely achieve success.

[bookmark: _3znysh7]STANDARD METHODS FOR SELECTIVE BILIARY CANNULATION
Since the advent of ERCP, selective biliary cannulation (SBC) has remained not only the first and rate-limiting step of the procedure, but also one of the most technically challenging portions. The incidence of complications while trying to achieve SBC ranges from 4%-30% depending on various research studies[3,4]. Failed biliary cannulation occurs in up to 20% of cases and itself is associated with a higher risk of complications including post-ERCP pancreatitis (PEP), bleeding, delayed therapy, and others[4]. The standard endoscopic approach to uncomplicated SBC can be conceptualized chronologically as presented below.

[bookmark: _2et92p0]Papillary assessment and positioning
Successful ERCP hinges on proper scope placement and adequate visualization of the papilla. Most commonly, a side-viewing duodenoscope with a channel of 3.7-4.2 mm is used (except in rare situations such as duodenal stenosis, in which a small scope is necessary)[5]. Good visualization of the major duodenal papilla for biliary cannulation is achieved by placing the duodenoscope below the papilla (Figure 1). Shifting the patient into a left lateral decubitus or supine position can help improve the orientation of the scope and prevent it from falling back into the stomach. If a long scope position is required, the scope tip should be placed below the level of the papilla while applying gentle (counterclockwise) torque, thus allowing for appropriate infrapapillary orientation while maintaining visualization[6]. This view can facilitate better visualization of the major duodenal papilla and a more stable scope position in patients with a very proximal papilla, among other potential indications (Table 1). Note, this differs greatly from attempting main pancreatic duct (MPD) cannulation, in which the duodenoscope tip is usually positioned perpendicular to the duodenal wall[7]. Importantly, when pursuing ERCP limit insufflation as overdistention of the gastric tract can make duodenal visualization more difficult. Occasionally, passing the duodenoscope into the stomach and aspirating gas, can prevent this. Once in position, with a steady hold on the duodenoscopy, the endoscopist is ready to choose a preferential technique for initial attempt of biliary cannulation.

Technique: contrast cannulation vs wire guided cannulation
Standard methods of biliary cannulation include contrast-assisted cannulation and guide-wire assisted cannulation. In these methods, the majority of endoscopists use a sphincterotome (ST) since it can be adjusted into the direction of the biliary duct by pulling or relaxing the cutting wire and allows for sphincterotomy if necessary. Triple-lumen STs are especially used to cannulate never previously proceduralized papilla[8,9]. The ST is inserted past the papilla, into the bile duct, with focus on minimizing papilla trauma and MPD cannulation or opacification. PD opacification (i.e., injection with contrast) is directly related to increased risk of PEP. Cannulation technique varies by hospital, physician comfort and available devices, we will review herein the most widely used techniques, in particular contrast vs wire guided cannulation.
Contrast cannulation (CC) was first demonstrated with the Deming-Classen probe but is associated with a higher rate of PEP as compared with wire-guided cannulation (WGC), a technique first described by Bassi et al[10] in 1987. In contrast-assisted cannulation, the tip of the ST or other cannula is inserted into the papillary orifice followed by injection of contrast under fluoroscopy to visualize the ampulla and distal common bile duct and subsequent advancement of the catheter into the bile duct. . This technique often requires repetitive probing and multiple attempts of injecting contrast; factors that contribute to its association with high rates of PEP.  
In WGC, a soft, hydrophilic guidewire serves as a tract that achieves desired duct selection without injection of contrast[11]. The most common guidewire used is a 0.035 inch diameter hydrophilic tip guidewire[12]. Hydrophilic tip guidewires are commonly used because of their reduced friction and ease of pushing. Guidewires with angled tips have been shown to lead to shorter cannulation times, likely because the angled tips are better able to follow the “S” shape of the intraduodenal segment of the bile duct and/or turn cephalad into the biliary system[13]. Once an endoscopist has decided on GWC, the next step is deciding between the touch (T) technique and the no-touch (NT) technique.  In the former, the catheter is inserted into papillary orifice and then a guidewire is advanced under fluoroscopic guidance into the common bile duct (CBD). In the latter, the guidewire is advanced just beyond the tip of the catheter, and then the catheter with guidewire tip protruding is advanced directly into the papillary orifice under fluoroscopy and onward into the bile duct. 
 	Variations of WGC and the touch vs no-touch technique are commonly seen. The most common variations include: initial bile duct access with ST, followed by wire advancement (touch) vs ST advancement to the level of the papilla, after which the wire is used to achieve SBC (no-touch) or initial wire advancement past the tip of the ST, followed by “wire ST complex” advancement into the papilla (no-touch). These techniques are used respectively: in papilla of normal size, position and SBC challenge vs with floppy or mobile papilla vs in scenarios where the papilla is small (if the ST tip is larger than the papillary opening). Besides these techniques, the endoscopist can also decide between assistant-controlled wire-guided, using the wire to access the duct, the endoscopist to control the ST and the assistant to control the wire vs physician-controlled wire-guided cannulation, in which, the physician controls both the ST and the wire.  During particularly challenging ERCPs with variant patient anatomy, contrast can opacify the intraduodenal portion of the CBD to better determine the direction of catheter advancement[14,15]. Every time the ST comes in contact with the ampulla, contrast is injected, therefore, every cannulation attempt is also associated with risk of injecting contrast into the MPD and risk of PEP.  Therefore, despite its procedural flexibility, WGC still carries a risk of PEP, intramural dissection, perforation of MPD side branches and creation of false passages[10].

[bookmark: _3dy6vkm]DIFFICULT CANNULATION
Even in the hands of experienced endoscopists, selective biliary cannulation (SBC) can fail in up to 20% of cases[11]. Multiple attempts at SBC increases the time patients spend on anesthesia, increase the risk of PEP, and delay therapeutic options[4]. When difficult SBC is encountered, the endoscopist must decide to either persist with standard cannulation techniques, switch to more advanced techniques such as pancreatic guidewire or precut techniques, or abort the procedure. The safety of the patient, urgency of the procedure, time spent on cannulation, and cost of the tools are all important factors in this decision. Studies have shown that increased time spent on cannulation and a greater number of attempts can leads to increased rates of PEP and using advanced instruments such as various needle knife tools and additional guidewires can incur greater cost to both the patient and endoscopist.
 	PEP is the most common and serious complication of ERCP. Defined as the development of pancreatitis (clinical presentation, amylase over three times the upper limit of normal, or imaging findings) post-ERCP, that requires unplanned hospital admission for at least 1 day and is a significant source of cost of care in ERCP[16,17]. A systematic review of 21 prospective studies that included 16,885 patients undergoing ERCP found that the overall rate of PEP was 3.5% and a mortality rate of 0.8%[18]. Risk factors for PEP include suspected sphincter of Oddi dysfunction, female gender, a previous history of pancreatitis[19]. 
 	Difficult cannulation however is an independent risk factor for PEP[20]. The risk of PEP was increased with precut sphincterotomy (RR = 2.71, 95%CI: 2.02-3.63; P < 0.001) and pancreatic injection of contrast (RR = 2.2, 95%CI: 1.6-3.01; P < 0.001)[19]. The risk is also increased in centers that perform low overall ERCP volume (< 200 ERCPs/year) and low ERCP frequency per endoscopist (< 40 per year), and is additive to other patient-related risk factors such as younger age or female sex[12,21,22]. In the quest to improve cannulation rates, many techniques and tools were designed to not only facilitate biliary cannulation but also to reduce the risk of PEP.
 
[bookmark: _1t3h5sf]Factors that make SBC difficult
ERCP is an advanced technique that not all endoscopists perform routinely. Multiple studies have shown that technical success increases with experience, with competency in SBC usually achieve only after performing 350-400 ERCPs[23–25]. Besides endoscopist practice and expertise, a multitude of additional factors can make biliary cannulation difficult, even for the practiced endoscopist. Correct duodenal positioning, and adequate visualization of the papilla are vital for success, however, size of the papilla, and variant patient anatomy can also affect the degree of difficult in cannulation.
 	Although the hepatopancreatic (also termed biliopancreatic) ampulla usually enters the duodenum in the second portion, it is sometimes further distal in the third portion, making it more difficult to reach (Figure 2). The size of the papilla is another important factor (Figure 3). A small papilla can be difficult to identify, especially when there are excessive mucosal folds or other architectural distortions, and the tip of the ST may be larger than the papilla itself. A small papilla is also associated with initial contact of the ST with the septum instead of smooth insertion into the bile duct. If a wire lead cannulation technique is used, a small papilla makes it more difficult to redirect the ST without losing contact with the papilla. An extra-large papilla can also be problematic, as it can be more relaxed and unstable, making initial ST entry more troublesome. Also, the larger the papilla the more difficult further cannulation is, even with successful initial ST-papilla contact.
Another common problem that arises is parallel tracts of the pancreatic and biliary ducts (Figure 4), this makes it difficult to identify if the guidewire has passed through the correct tract. In these circumstances it is sometimes beneficial to inject contrast to better visualize the anatomy[6].
 	In normal anatomy, the papilla is on the inside (medial aspect) of the mid-second portion of the duodenum; however, it is occasionally found more proximally (near the superior duodenal angle) or more distally (bordering the third portion of the duodenum). In these cases as well as others of altered papillary location or morphology, locating the frenulum of the longitudinal duodenal fold or the papillary “beard” can help localize the major papilla, and a catheter or ST can lift duodenal folds to permit better visualization[27]. A periampullary diverticulum (PAD), alternatively termed juxtapapillary diverticulum, can also make SBC difficult (Figure 5). For example, PAD can obscure the papilla or distort its orientation. In cases of PAD, the biliary direction is not angulated superiorly, but instead runs horizontally, therefore there is no need to angulate the ST upward. If using an ST is unsuccessful, a standard catheter may be more beneficial for cannulation[6].
Once PAD is suspected, it can be exposed by using the ERCP catheter to move the duodenal mucosa from the outer rim of the diverticular ring, exposing the papilla. Another method includes injecting the inferior section of the diverticulum to move the papillary tip into view. However, this technique is associated with higher risks of needle perforation, retroperitoneal leaks, and causing papillary edema with subsequent obscuration of the papillary orifice[27]. Precut techniques and pancreatic duct stent placement are recommended to better expose the papilla for cannulation. When these methods are used, the rate of successful SBC in patients with PAD approaches those without[12,28,29]. Once the papilla is identified, SBC is usually achieved easily. Notably, and as alluded to above, anatomic distortion from PAD can cause deviation in the location of the orifice of the CBD and MPD from their most common positions at 11 and 2 o’clock, respectively[6]. When this occurs, simply clipping redundant or obscured folds can help with visualization (Table 1). 
Patients with a Billroth II gastrectomy or Roux-en-Y surgery are considered to have complex post-surgical anatomy and SBC should be attempted at referral centers by endoscopists who have experience with such anatomy. Patient’s with these surgeries typically have the papilla in a portion of the duodenum retrograde from the gastrojejunotomy site. Because of this increased distance, push or balloon enteroscopy retrograde from the jejunum to the duodenum is frequently needed to reach the papilla. A meta-analysis of 43 studies that looked at single balloon, double balloon, spiral enteroscopy and short scope double balloon found 83% biliary cannulation success rates for spiral and single balloon methods and 95% success rates for long scope and short scope double balloon, with adverse events ranging from 0%-3%[30]. Gastroscopes are now less commonly used, predominantly only in older patients, without entero-enteric anastomosis. However, they are still used for initial inspection and for primary visualization of anastomose-type. Patient anatomy with long afferent loops or post Roux-en-Y anastomosis who require subsequent ERCP, may require an enteroscope longer than 170 cm for forward-viewing endoscopic techniques[27].
Besides papilla size, location, duodenal positioning, PAD, and iatrogenic patient varied anatomy, other factors that lead to swelling of the papilla also contribute to difficult cannulation. In the case of biliary malignancies, tumor infiltration of the papilla or duodenum can make the papilla difficult to find. In addition, malignancy makes the cystic tracts and vasculature more friable; this leads to more papillary edema, trauma and bleeding, with fewer cannulation attempts. Last, even in patients with normal anatomy and easily visualized papilla, multiple attempts of SBC can traumatize the papilla and extensively opacify the pancreas, these factors in themselves can distort visualization of the papilla and can make further attempts even more difficult.

[bookmark: _4d34og8]Defining difficult biliary cannulation
When SBC using the techniques described is not easily achieved, it is considered a difficult cannulation. Over the years, there have been several attempts to objectively define difficult cannulation. Most definitions use a combination of a minimum number of cannulation attempts, typically 5 to 15, and a minimum time spent on standard cannulation techniques, typically greater than 5 to 20 min[15,31–34]. The number of inadvertent MPD injections or cannulations may also be considered part of the definition of difficult cannulation, with some studies suggesting > 4 MPD cannulations as the limit[35]. 
Recently, the European Society of Gastrointestinal Endoscopy (ESGE) guidelines defined difficult biliary cannulation in an intact papilla as any procedure in which the duration of cannulation attempt exceeded 5 min or 5 attempts, or a procedure with more than one unintentional MPD cannulation or opacification[12,35]. However, there is no uniform definition of what comprises a cannulation attempt. Friedland et al[36] defined a cannulation attempt as any repositioning or wedging of the cannulation device while attempt SBC, while Bailey et al[37] defined an attempt as sustained contact between the cannulation device and the papilla for five seconds or more. A 2013 study that compared the accuracy of cannulation time versus cannulation attempts as determined by two third party observers in 14 patients found that there was significant disagreement between observers in terms of observed number of attempts, illustrating the difficulty and variation in defining a cannulation attempt and thus difficult biliary cannulation when using number of attempts[38]. Regardless of which definition is used, it is generally accepted that once difficult cannulation is encountered, the risk of PEP or complete failure of the procedure is dramatically increased.
[bookmark: _2s8eyo1]It is important to note that when the purpose of SBC is for pancreatic intervention only, cannulation of the minor papilla can be pursued as an alternative to the methods discussed below. Although SBC of the major papilla the most common and effective method used for management of pancreatic diseases, when access to the major papilla is difficult or impossible due to severe duct distortion or obstructive mass, cannulation of the minor papilla may be easier and safer than persistent attempts at major duct cannulation. The minor papilla is the papilla of the accessory pancreatic duct, or sometimes, a variant duct anatomy in pancreas divisum (Figure 2). Access to the minor papilla enables therapeutic options for pancreatic diseases such as chronic or recurrent acute pancreatitis and pseudocysts, but not for biliary disease as the minor papilla does not connect to the CBD. Studies have shown minor papilla SBC success rates using WGC range from 74%-90% and a PEP rate of 10%-14%[39–42].
 	SBC in the pediatric population appears to have similar success and complication rates to the adult population when performed by an experienced advanced endoscopistbased on a number of large series[43–46]. Difficult cannulation in the pediatric population is most frequently due to not having properly sized sphincterotomes designed for smaller papillae, and, in rare cases, biliary atresia[46]. 

ADVANCED ERCP TECHNIQUES FOR SELECTIVE BILIARY CANNULATION
[bookmark: _17dp8vu]When standard SBC techniques are unsuccessful, a variety of advanced techniques, maneuvers, and other options exist, as presented below. These techniques are summarized in Table 1. 

Pancreatic guidewire/double guidewire technique
Using a pancreatic guidewire or pancreatic duct stent may be helpful in various scenarios to achieve SBC. The pancreatic guidewire technique (PGT) involves the placement of a guidewire into the MPD and then attempting to cannulate the biliary duct. A guidewire in the MPD helps straighten the intramural segment of the bile duct and direct the ST or other catheter into the bile duct and thus reduces the chance of accidental cannulation of the MPD. When the pancreatic guidewire method is combined with WGC, it is known as the double guidewire technique (DGT). A retrospective study involving 363 and a prospective multicenter RCT in 274 patients comparing PGT to early DGT found no difference in the success rate of cannulation or in PEP rates[47,48]. However, a recent meta-analysis of 7 RCTs including 577 patients found that using DGT increased the risk of PEP when compared other techniques including standard WGC, MPD, and early pre-cut (RR = 1.98, 95%CI: 1.14–3.42)[49].
 	Another technique is to place a temporary pancreatic stent and then perform WGC above the stent, called wire-guided cannulation over a pancreatic stent (WGC-PS) technique. A short 5-Fr pancreatic stent between 2 cm to 5cm can be used, with the proximal tip not past genu to prevent duct injury. After placement of the pancreatic stent, the papilla is then cannulated using the WGC technique above the stent. The pancreatic stent all but ensures that no further accidental cannulation of the MPD can occur. An abdominal x-ray should be performed 2 weeks after the procedure to confirm spontaneous passage; if the stent has not passed, a stent removal procedure may be needed. The advantages of the WGC-PS technique is that a pancreatic stent is easy to insert, especially if a pancreatic guidewire is already in place, and has been shown to lead to a significant lower rate of PEP, with various studies showing rates reduced from as high as 23% to less than 3% after placement of a PD stent[50,51]. A recent retrospective study of 177 patients compared WGC-PS to DGT found that both groups had similar cannulation rates, but the WGC-PS had lower rates of PEP (though it did not reach significance). In this study however, about half of the cases that failed DGT were successfully salvaged with WGC-PS. The WGC-PS technique is also more cost effective, most likely due to the lower rates of PEP, and can be combined with other ancillary methods of cannulation such as needle-knife sphincterotomy[35,52]. Due to lower rates of PEP seen with pancreatic duct stenting, the ESGE suggests a placement of a pancreatic duct stent both prior to both wire-based cannulation methods as well as and precut techniques[12]. It is important to note, however, that pancreatic duct stenting has not been shown to reduce PEP in the pediatric population. In fact, a 2015 study of 432 ERCPs in the pediatric population found that placing a prophylactic pancreatic stent was actually associated with a significantly higher rate of PEP (P < 0.01). The cause is unclear, but the authors suggest that it may be related to physiologic differences and the smaller size of the pancreatic ducts in the pediatric population[43]. 

[bookmark: _3rdcrjn]Precut techniques
When biliary cannulation using the techniques mentioned above fails, many endoscopists opt to create a papillotomy to access the hepatopancreatic ampulla; this may involve the sphincter of Oddi, thereby performing a sphincterotomy, or be performed staying above the sphincter, i.e., a fistulotomy. These techniques are collectively known as precut techniques to facilitate access to the biliary tree and require an intimate understanding of papillary anatomy to ensure a safe and effective procedure. The most common tool employed in precut techniques is the needle-knife, a small precision cutting tool that cuts when current is applied. The tip should not be extended beyond the catheter further than 2 to 3 mm as the tip of the needle knife cuts easily and rapidly; over-extension of the needle knife increases the risk of perforating the back wall or causing a retroduodenal perforation. Newer “hybrid-tomes” integrate the needle-knife directly into the ST and may be easier to handle than regular needle knives[53]. If possible, a pancreatic duct stent should be placed beforehand to protect the pancreatic orifice, straighten the intramural segment of the bile duct, and position the biliary duct for easier access with the ST after the cut is complete. There is currently no standard for the naming of the various precut techniques. For this review, the naming system used by Davee et al[54] will be used (Figure 6).

[bookmark: _26in1rg]Precut papillotomy: In precut papillotomy (PP), the needle knife is used to dissect the major duodenal papilla to visualize and cannulate the CBD. Typically, needle-knife is placed at the 11-12 o’clock position of the papillary orifice and cut upward along the midline of the intraduodenal segment of the bile duct to expose the CBD. The biliary sphincter muscle can be recognized by its whitish onion-skin appearance. Once this muscle is exposed, the papilla can often be seen as a red dot or nipple-like structure. If examined carefully, bile may be seen flowing from the papilla. The papilla can then be cannulated or the biliary sphincter can be transected further and then cannulation afterwards can be performed[6,54,55].

[bookmark: _lnxbz9][bookmark: _35nkun2]Precut fistulotomy: In a precut fistulotomy, an incision is made using a needle knife in an area of the papilla above the papillary orifice that covers the intraduodenal segment of the CBD to create a fistula between the duodenal lumen and the CBD lumen. The incision can be extended downward towards the papillary orifice or upward, depending on the initial incision site. The precut fistulotomy technique leaves the sphincter and papillary orifice intact (though the fistulotomy may be extended downward across the sphincter, if necessary) and creates a fistula that allows the endoscopist to directly cannulate the CBD. In theory, this method reduces the risk of thermal injury to the pancreatic orifice and therefore the risk of PEP. A variation of this technique, the supra-papillary puncture, creates a direct duodenocholedochal access using a catheter fitting with a needle to directly puncture the biliary duct under fluoroscopic guidance without cautery. When combined with EUS, this method has been shown to reduce the rate of PEP while having seemingly acceptable perforation rates[56–58] (Figure 7).

[bookmark: _1ksv4uv][bookmark: _44sinio]Transpancreatic precut sphincterotomy: Achieving an adequate precut papillotomy or fistulomy using a needle knife may be difficult in patients with small or difficult to locate papilla. For such patients, the transpancreatic precut sphincterotomy (TPS) may be a viable alternative method. First reported in 1995 by Goff, the TPS method uses a standard ST oriented toward the CBD at approximately 11 o’clock that is inserted superficially in the ampulla or MPD. The ST itself is then used to incise upward to perform a papillotomy. The advantages of TPS include not needing to exchange the ST for a needle-knife device and better control of the depth of incision compared to needle knife device[59]. Although TPS alone carries a risk PEP of 9%, likely due to irritation and edema involving the MPD, placement of a PD stent after TPS has been shown to reduce the incidence of PEP to 4%[60] (Figure 8).

[bookmark: _z337ya]Efficacy of various pre-cut techniques
Early studies of precut techniques showed PEP rates to be as high as 15% to 20%, an alarmingly high number that is 2-3 times the PEP rate for uncomplicated SBC. However, it was unclear whether these rates were attributable to using needle knife precut techniques or due to the multiple attempts at SBC already performed. Many endoscopists now advocate for early precut techniques when difficult cannulation is predicted or recognized early on to reduce the risk of PEP. Several studies have compared the cannulation success and PEP rates of early precut techniques to persistent standard cannulation attempts. These studies were analyzed in five meta-analysis[61–65]. Four of the five meta-analysis concluded there was not significant difference in SBC success rates between the two groups, with only Sundaralingam et al[65] finding increased SBC success in the early precut group (RR = 1.32, 95%CI: 1.04-1.68). Four of the studies noted lower PEP rates in the precut group, though the different was not significant in Navaneethan et al[63] and Choudhary et al[64], and none were adequately powered to assess the difference.
Two studies have compared PEP rates between early precut techniques and using pancreatic duct stents after successful SBC in difficult cannulation using persistence. A 2016 RCT of 50 early precut patients and 50 patients who underwent MPD stenting after difficult cannulation without precut techniques found similar rates of PEP of approximately 4%[66]. A subsequent 2017 multicenter RCT of 100 patients in the same groups also found similar pancreatitis rates but a 29.3% higher cost in the pancreatic duct stenting group, suggesting that early precut may be more cost-effective[52].
 	The relationship between endoscopist experience and the success rates of pre-cut techniques were explored in six studies[65,67–71]. Three found a positive correlation between cannulation success rates and endoscopist experience[67–69] while the other three did not[65,70,71]. In the meta-analysis by Sundaralingam et al[65], it was noted that only studies that involved expert endoscopists and not trainees showed a significant reduction in the risk of pancreatitis in the precut group compared with standard technique. Taken together, these studies suggest that in the hands of experienced endoscopists, early pre-cut techniques may facilitate SBC with lower PEP rates when compared to repeated attempts at standard cannulation.
 	The TPS technique warrants additional discussion as this technique was not specifically evaluated in the studies included in the meta-analysis mentioned above. Through 5 studies, biliary cannulation success rates using TPS ranged from 85% to 100% and adverse events ranging from 3.5% to 20.5% and PEP rates ranging from 3.5% to 22.4% of cases[72–76]. More recently, a meta-analysis comparing TPS to needle knife PP found significantly a lower success rate (OR = 0.5, P = 0.046, RR = 0.92, P = 0.03) and a higher rate of bleeding complication (OR = 2.24, P = 0.02, RR = 2.18, P = 0.02) for the needle-knife group but no difference in PEP, perforation, or total complication rates when compared to TPS. The authors conclude that TPS may have a higher SBC success rate with less bleeding but does not reduce the risk of PEP[77].

[bookmark: _3j2qqm3]RENDEZVOUS TECHNIQUES
[bookmark: _1y810tw]When precut techniques are unsuccessful or if the anatomy of the papilla does not allow for precut techniques, endoscopists can use a rendezvous technique to achieve SBC. A rendezvous technique is any method of biliary or pancreatic ductal cannulation in which a wire is passed anterograde through the papilla and into the duodenum followed by SBC either over the wire itself or in parallel to the wire.

EUS-guided rendezvous
EUS-guided rendezvous (EUS-RV) is a well-known salvage technique where the biliary ducts are punctured under real-time EUS guidance directly from the gastric or duodenal lumen. A wire is then passed through the needle anterograde into the duct and out the papilla. SBC can then then be achieved by directing the ST over the guidewire or in parallel to the wire. In a retrospective study of 58 patients who underwent EUS-guided rendezvous and 144 who received Erlangen PP, a significantly higher success rates was noted in the EUS-guided rendezvous group (98.3% vs 90.3%, P = 0.03) with no difference in complication rates (3.4% vs 6.9%, P = 0.27) and no episodes of pancreatitis in the EUS rendezvous group[78]. Multiple authors have pointed out however, that this improvement potentially comes at the cost of increased procedure, time, equipment, and training required to perform EUS-guided rendezvous[79,80].

Hybrid rendezvous
EUS-RV failure is most frequently due to the inability to pass a guidewire through the papilla anterograde due to strictures, masses, or edema. The technique also carries a risk of biliary peritonitis and perforation. Salvage techniques when EUS-RV failure occurs include direct puncture of the ampulla under EUS guidance, re-attempting rendezvous following EUS-cholangiography, and using a dilator to enlarge the needle-tract when manipulating the wire, a technique called hybrid rendezvous (EUS-RV/HRV)[81–83].

Percutaneous rendezvous technique
Another type of rendezvous technique is the percutaneous rendezvous technique (Perc-RV), in which access to the bile duct is achieved percutaneously (by Interventional Radiology), after which a guidewire is threaded anterograde through the needle into the bile duct and out through papilla. This technique has been used in cases of difficult anatomy, e.g., patients with large, infiltrative tumors involving the papilla or cases of post-operative anatomy, such as Roux-en-Y anastomosis, Billroth II gastrectomy, where the location of the papilla may be difficult to access conventionally or via EUS. Case reports combining the Perc-RV technique with the placement of a hydrophilic guiding angiocatheter at the papilla to facilitate entry of the ST and/or percutaneous balloon dilation of the papilla via the anterograde direction prior to SBC have also been described. A retrospective analysis that looked at 24 patients with SBC failure due to many reasons (distant papilla, periampullary diverticulum, biliary strictures, billroth II anatomy) found a 96% success rate with the perc-RV technique with a 2.4% complication rate[84,85]. Perc-RV involves increased technical difficulty and training required to obtain percutaneous access to the biliary ducts, however, it allows a percutaneous transhepatic biliary drain (PTBD) to be inserted to alleviate biliary obstruction if other methods of obtaining biliary access fails (Figure 9). 
There are other methods of performing rendezvous-based SBC such as enteroscopy-assisted EUS or Perc-RV techniques for Roux-en-Y or Billroth II anatomy or intraoperative rendezvous technique where a guidewire is surgically inserted into the biliary ducts. These techniques are beyond the scope of this review, are generally reserved for advanced cases, and are typically performed in specialized endoscopy centers by endoscopists who have had extensive training and experience with difficult cannulation.

[bookmark: _4i7ojhp]CONCLUSION
ERCP has rapidly grown in its therapeutic abilities since its advent 50 years ago. One aspect that has stayed constant that both the first endoscopist to successfully cannulate the papilla, and most endoscopists today, would likely both agree is that successful ERCP hinges on adequate training, careful preparation in selecting the right patient for procedure, ensuring proper positioning and deciding initial techniques. Even with the ideal patient, up to 20% of SBC still fail when using conventional methods of contrast-assisted or WGC and are labelled difficult cannulation. Although definitions vary, cannulation attempts of a duration over 5-10 min, over 5 attempts, or more than one unintentional MPD cannulation or opacification are the most widely used definitions for difficult cannulation. 
In this review, we have described steps to be considered and employed when difficult SBC is encountered. If the MPD has been cannulated, then a PD stent or CBD cannulation can be considered to reduce the risk of PEP. When the anatomy of the papilla is unfavorable or a difficult cannulation is anticipated, endoscopists can choose to perform a variety of early precut or rendezvous techniques, the choice of which depends on the experience of the endoscopist, diease being treated, and anatomy of the patient. The choice of which technique to pursue when difficult cannulation is encountered should include consideration of endoscopist experience, patient anatomy, and the disorder being treated, among other factors.
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Figure 1 Correct positioning of duodenoscope for bilary cannulation. Visualize the papilla by placing the duodenoscope inferior to the papilla[6].
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Figure 2 Review of duodenal and pancreatobiliary anatomy. Cross-section of duodenum, with visualization of the minor duodenal papilla, major duodenal papilla, and confluence of the common bile duct and main pancreatic duct to form the hepatopancreatic ampulla[26].
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Figure 3 Drawing and corresponding endoscopic view of anatomic variants seen during endoscopic retrograde cholangiopancreatography of the ampulla and major duodenal papilla. A: Normal ampulla and pancreatobiliary junction; B: No common channel; endoscopically, two separate openings (P: Pancreatic duct; and B: Bile duct) may be seen at the papillary tip; C: Large, protuberant, and/or redundant papilla[6,7].
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Figure 4 Periampullary diverticula. A: Native papilla with large periampullary diverticulum; B: Double periampullary diverticulum (one on each side of the papilla); C: Fluoroscopic visualization of biliary cannulation, using forceps grip, in a case of periampullary diverticulum.
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Figure 5 Billroth II anatomy. Inferior view of the major duodenal papilla given the inverted anatomy and thus inverted access approach[27].
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Figure 6 Precut techniques. A: Precut papillotomy; B: Precut fistulotomy[54].
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Figure 7 Endoscopic view during endoscopic retrograde cholangiopancreatography in a patient with suspected impaction of a gallstone in the ampulla. The major papilla appeared protuberant (A) and felt tense when palpated with a needle knife. Deep biliary cannulation was achieved via suprapapillary fistulotomy (B).
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Figure 8 Transpancreatic precut sphincterotomy[54]. Transpancreatic precut sphincterotomy (i.e., septotomy) using a standard sphinctertome oriented toward the common bile duct at the 11 o’clock position and inserted superficially in the main pancreatic duct.
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Figure 9 Rendezvous techniques. Cannulation can either occur (A) over the guidewire after it is pulled into the sphincterotome or (B) in parallel to the guidewire; Adjunctive methods of rendezvous such as (C) the addition of a percutaneous sheath or (D) anterograde balloon dilation of the biliary orifice[84].


Table 1 Maneuvers to facilitate selective biliary cannulation in difficult cases 
	Pancreatic guidewire - helps to straighten the intramural segment of the bile duct, reduces accidental MPD cannulation

	Double guidewire technique - pancreatic guidewire method in combination with WGC

	Wire-guided cannulation over a pancreatic duct stent (WGC-PS) - reduces accidental MPD cannulation

	Precut papillotomy - to dissect the major duodenal papilla, used to visualize and cannulate the CBD

	Precut fistulotomy - creates a fistula between the duodenal lumen and the CBD

	Supra-papillary puncture - creates direct duodenocholedochal access 

	Supra-papillary puncture in combination with EUS - reduces rates of PEP, but with reasonable rates of perforation

	Transpancreatic precut sphincterotomy (TPS) - ST used to perform papillotomy

	EUS-guided rendezvous (EUS-RV) - BD punctured under EUS guidance from gastric or duodenal lumen 

	EUS-guided rendezvous with hybrid rendezvous (EUS-RV/HRV) - re-attempt rendezvous following EUS-cholangiography, uses a dilator to enlarge the needle-tract

	Percutaneous rendezvous technique (Perc-RV) - BD access percutaneously, used in variant anatomy cases

	Clipping redundant or obscuring folds - in cases of periampullary diverticulum 

	Using the long scope position – can facilitate better visualization of the major duodenal papilla in some patients and a more stable scope position in patients with a very proximal major papilla.

	Change patient position (e.g., go to left lateral decubitus or supine) – may improve orientation and scope stability in some patients.


MPD: Main pancreatic duct; WGC: Wire guided cannulation; CBD: Common bile duct; EUS: Endoscopic ultrasound; PEP: Post-endoscopic retrograde cholangiopancreatography-pancreatitis; ST: Sphincterotome; BD: Biliary duct.
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