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Abstract
Over the past decade the ability of endoscopists to access the biliary tree in patients with surgically altered gastroduodenal anatomy has significantly advanced. Much of the progress has occurred as a result of the development of better tools to navigate the deep small bowel, such as single-balloon- (SBE), double-balloon- (DBE), and spiral-enteroscopy-assisted endoscopic retrograde cholangiopancreatography (ERCP). However, despite using a cap, accessing the papilla or bile duct using these forward-viewing enteroscopy platforms remains challenging, even in expert hands. In patients with Roux-en-Y gastric bypass (RYGB) anatomy, the excluded stomach is a potential point of access for either a delayed transgastric- or immediate laparoscopy-assisted-ERCP approach. However, the parallel advancement of therapeutic endoscopic ultrasound (EUS) also provides alternative approaches through which the biliary system can be accessed and intervened on in patients with surgically altered anatomies. Generally speaking, in patients with short gastro-jejunal “Roux” and bilio-pancreatic limbs, ideally less than 150 cm in length, starting with a (cap-assisted) push-enteroscopy or balloon-enteroscopy approach would offer reasonable diagnostic and therapeutic ERCP success. When available, short-SBE or short-DBE scopes should be used, as they allow the use of conventional ERCP equipment, are associated with shorter procedure times, and are easier to manipulate. In patients with RYGB who have longer Roux and/or bilio-pancreatic limbs (> 150 cm in total length), or in patients who have failed prior attempts at deep enteroscopy-assisted ERCP, transgastric laparoscopy-assisted-ERCP is associated with higher rates of diagnostic and therapeutic success as compared to deep-enteroscopy-assisted ERCP. Finally, EUS-guided biliary access for antegrade biliary intervention or for rendezvous enteroscopy-assisted ERCP is possible. While percutaneous transhepatic biliary drainage and surgical bile duct exploration remain viable alternatives, these methods are not without significant morbidity and mortality and should only be considered if less invasive endoscopic interventions are not feasible or appropriate.
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INTRODUCTION
According to the National Center for Health Statistics, 35.7% of US adults were classified as obese in 2009-2010, and there is a rising linear trend in obesity rates[1]. As a result, many patients in the US have been undergoing bariatric surgery, such as Roux-en-Y gastric bypass (RYGB)[2] (Figure 1). The increasing prevalence of patients with surgically altered gastroduodenal anatomy (most notably RYGB, but also including Billroth II gastrojejunostomy, pancreaticoduodenectomy, and Roux-en-Y hepaticojejunostomy, which is used in liver transplantation) has posed a unique challenge for the endoscopic management of biliary and pancreatic issues. In patients with Roux-en-Y (RY) anatomy, endoscopic retrograde cholangiopancreatography (ERCP) is typically impossible via an oral route using a duodenoscope, as the scope must be passed from the gastrojejunostomy through the jejunojejunostomy and into the afferent bilio-pancreatic limb to the papilla. Furthermore, the gastrojejunal Roux limb is typically made greater than 100 to 150 cm in order to produce weight loss, and the sharp angulation into the afferent bilio-pancreatic limb also poses a technical challenge to reaching the papilla. It is therefore no surprise that the primary reason for ERCP failure in patients with altered gastroduodenal anatomy is failure to reach the biliary-enteric anastomosis or ampulla[3,4]. As obese, post-bariatric surgery patients are at an increased risk for developing gallstones and other associated complications that require biliary intervention[5,6], new technologies and approaches have been developed to manage these issues in patients with surgically altered anatomies.  

USE OF A DUODENOSCOPE FOR “CONVENTIONAL” ERCP
Duodenoscopes have been optimized for performing ERCP in patients with normal gastroduodenal anatomy. Duodenoscopes possess an elevator and have side-viewing imaging to enable visualization of the major and minor papillae. Therapeutic duodenoscopes possess large accessory channels that allow for the use of a broad array of instruments and stents sizes, typically up to 10 French (Fr). However, the short working length (about 124 cm) of the duodenoscope is a limitation when attempting ERCP in patients with long-limbed small bowel anastomoses. For patients with shorter afferent limbs, such as those who have undergone a Billroth II gastrectomy, ERCP using a duodenoscope remains a potentially feasible technique. In a retrospective study by Hintze et al[7] that included 59 patients with Billroth II anatomy, the papilla was reached in 92% of patients using a duodenoscope. Once the duodenal stump was reached, therapeutic success was achieved in 100% of patients. For patients with gastrojejunal limbs 100 cm or longer, such as patients with RYGB anatomy, ERCP using a duodenoscope is rarely possible. Hintze et al[7] reported reaching the ampulla using a duodenoscope in only 33% of patients with RY reconstructions.

PUSH ENTEROSCOPY FOR ERCP
In patients with surgically altered gastroduodenal anatomies with long small bowel limbs, push enteroscopy using a standard forward-viewing enteroscope or a pediatric colonoscope without an overtube has the potential to reach the ampulla, bile duct, or pancreatic duct orifices (such as in patients with pancreaticoduodenectomy) (Figure 2). However, the forward viewing optics and lack of an elevator make cannulation of a native papilla (in the case of RYGB patients) and therapeutic ERCP very challenging. In a study of 15 patients with RY anatomy who underwent ERCP using a colonoscope, ERCP was successful in only 2 patients, despite successfully reaching the papilla in 12 of these patients[8]. Furthermore, in a prospective study of 37 patients by Raithel et al[9], 91.8% of whom had RY anatomy, push enteroscopy was only able to reach the enteo-enteral anastomoses in 16.2% of patients. Other limitations of push-enteroscopy-assisted ERCP are high rates of loop formation and perforation[10]. 
In 2002, Wright et al[8] described using a colonoscope to reach the ampulla or desired ductal orifice, at which point the colonoscope was exchanged over a guidewire for a duodenoscope, which was passed in to the afferent bilio-pancreatic limb using a “Hansel and Gretel” technique. In some cases, the duodenoscope was pulled into the afferent limb using counter-traction from a wire-guided balloon that was passed retrograde into the afferent limb or stomach; this might be the first description of a single-balloon technique to facilitate small bowel passage of an endoscope. Using these techniques for patients who failed attempted ERCP using a colonoscope, the ampulla was ultimately reached in 67% of patients, and biliary access was achieved in 84% after exchange for a duodenoscope. The complication rate was 12% in this series[8].  
	
BALLOON-ENTEROSCOPY-ASSISTED ERCP
Balloon-assisted enteroscopy can be performed using a single-balloon enteroscopy (SBE) or a double-balloon enteroscopy (DBE) platform. DBE uses an enteroscope with a balloon at its distal tip and an overtube with an anchoring balloon, while SBE uses a standard enteroscope with an overtube with an anchoring balloon. Using a “push-pull” method of scope advancement and successive inflation of one or both balloons (depending on the platform) to pleat the small bowel, a significant distance of small bowel may be traversed.
Balloon-assisted enteroscopy was originally developed to aid in the diagnosis and treatment of small bowel diseases that were previously out of reach of push enteroscopy using a dedicated enteroscope or a pediatric colonoscope. However, balloon-assisted enteroscopy also enables accessing the bilio-pancreatic afferent limb in patients with surgically altered gastroduodenal anatomy. In 2005, Sakai et al[11] described using DBE to reach the bypassed stomach in five out of six (83.3%) patients  with RYGB anatomy.
In the abovementioned study by Raithel et al[9], when DBE was performed in the patients who failed ERCP via push enteroscopy (91.8% with RY anatomies), luminal access to the biliary tract was achieved in 74.1%, with diagnostic or therapeutic ERCP success in 87.2% of cases[9]. However, even with balloon-enteroscopy-assisted ERCP (BEA-ERCP), procedure success remains limited by the length of the Roux limb. Schreiner et al[12] calculated the summed (total) length of the Roux limb and the length from the ligament of Treitz to the jejunojejunal anastomosis in patients undergoing DBE-assisted ERCP (DBE-ERCP). They reported therapeutic success in 88% of cases with a total small bowel length less than 150 cm, but only 33% success for lengths from 150 to 225 cm, and 0% success for lengths greater than 225 cm. 
While the efficacy of BEA-assisted ERCP can also be limited in patients with extensive abdominal adhesions and fixed bowel segments that limit small bowel manipulation and pleating, SBE-assisted ERCP (SBE-ERCP) and DBE-ERCP have a growing track record of significant diagnostic and therapeutic success (Table 1). Procedure times for SBE- and DBE-ERCP are similar, with average total procedure times of  72 to 78 min reported for SBE-ERCP[4,13] and 93 to 128 min for DBE-ERCP[9,14,15]. Complication rates for SBE-ERCP and DBE-ERCP also appear to be similar (Table 2).

LIMITATIONS OF SBE- AND DBE-ASSISTED ERCP
Like colonoscopes and push enteroscopes, the enteroscopes used for SBE and DBE also lack an elevator and have forward-viewing optics. Additionally, these scopes typically have small accessory channels (2.8 mm, which can accommodate only up to 7-Fr devices). Furthermore, their long working lengths (of around 200 cm) prevent the use of conventional ERCP accessories. Longer accessories (600-cm-long guidewires, long papillotomes, and long retrieval balloons) are now available for use in SBE- and DBE-ERCP when long enteroscopes are used. These long wires and devices make SBE- and DBE-ERCP possible, but exchanging devices is challenging given the long distances that need to be traversed.
Various methods have been developed to circumvent the issue of using a long enteroscope to perform ERCP. Exchanging the single- or double-balloon enteroscope over a guidewire for a duodenoscope or conventional forward-viewing gastroscope, after the papilla has been reached, allows for the use of conventional ERCP equipment and can circumvent some of the limitations of  long enteroscopes[15]. A short-DBE enteroscope with a working length of 152 cm is available that allows the use of standard ERCP accessories. A small retrospective study of patients with RY anatomy who underwent ERCP with either short DBE or long DBE reported 100% success in reaching the papilla in both groups. The collective therapeutic success rate for short- and long-DBE-ERCP during the first session was 67%. The short-DBE scopes reached the papilla more quickly (29 ± 19.2 min) as compared to the long-DBE scopes (64.8 ± 24.7 min)[15].
A short-SBE platform was recently described in a retrospective Japanese study of 22 patients. This scope has a working length of 152 cm, a large accessory channel with a diameter of 3.2 mm, and a water jet channel. Advantages of this scope include the ability to use more conventional ERCP devices, including duodenoscope-length wire-guided devices for stone extraction and stents up to 8.5 Fr in size, shorter setup time than for short DBE, and the ability to perform wire-guided intraductal ultrasonography. Despite its shorter length, these investigators reported a short-SBE-ERCP success rate of 90% for reaching the end of the afferent limb, and diagnostic and therapeutic ERCP success rates of 89% and 96%, respectively. Reported procedure times averaged at 40.2 min, which appears shorter than for most other BEA-ERCP platforms[16].
Itoi et al[15,17] have described in two publications a novel modification that can be performed on either the single- or double-balloon overtubes so as to enable ERCP using a diagnostic gastroscope. Using SBE or DBE, a long enteroscope is passed to the papilla or ductal orifice. The overtube balloon is inflated anchoring the overtube in the afferent limb, and the enteroscope is withdrawn. A hole is then made in the overtube at 100 cm from the distal end and a diagnostic gastroscope can then be passed through this “shortened” overtube to perform ERCP using standard length instruments. Success rate of therapeutic ERCP on the first session was 76.9% for SBE[17] and 66.7% for DBE[15], by using this method. The drawback to this technique is that a distal attachment cap cannot be used, as it cannot be passed through the overtube.

SPIRAL-ENTEROSCOPY-ASSISTED ERCP
Spiral enteroscopy (SE) uses a spiral overtube and rotational movement to advance the enteroscope deep into the small bowel. Unlike SBE and DBE, SE does not require a balloon inflation system[18]. A retrospective study comparing SE-assisted ERCP (SE-ECP) to SBE-ERCP reported similar diagnostic yields (48.3% for SBE-ERCP vs 40% for SE-ERCP, P = 0.59) and comparable rates of therapeutic success (100% for SBE-ERCP vs 87.5% for SE-ERCP, P = 1.0). No diagnostic benefit was seen when changing from one technique to another[4].  
A multi-centered retrospective study of 129 patients (93 of whom had RY anatomy) who underwent 180 enteroscopy-assisted ERCPs reported similar success rates among SBE- (87%), DBE- (85%), and SE-ERCP (90%), when the papilla or ductal orifice was reached[3]. Procedure times for SE-ERCP also appear to be similar to those of BEA-ERCP, with mean times of 72 ± 34 min for SBE-ERCP and 81.9 ± 34.6 for SE-ERCP reported in another study[4]. Complication rates for SE-ERCP appear to be low (Table 2) with 0.3% of patients sustaining severe complications, including 0.27% small bowel perforations that were reported in a large retrospective study of 2950 patients[19]. Overall, studies of SE-ERCP report reasonable diagnostic and therapeutic success rates (Table 3), which are comparable to those published for SBE- and DBE-ERCP.

ADJUNCTIVE TECHNIQUES TO FACILITATE ENTEROSCOPY-ASSISTED ERCP
A soft, low-profile, distal attachment cap, similar to those used for endoscopic mucosal resection and endoscopic submucosal dissection, can improve visualization during enteroscopy-assisted ERCP and can be applied to SBE-, DBE-, or SE-platforms (Figure 3). The presence of a cap allows the scope to have an approximately 2-mm distance from the wall of the GI lumen, thereby improving visualization. The cap can also be used to manipulate small bowel folds enabling easier scope insertion. Furthermore, the cap can manipulate the ampulla so as to facilitate ductal cannulation and papillotomy (Figure 4). In a study of 10 patients with Billroth II anatomy undergoing ERCP with a forward-viewing endoscope, ampullary cannulation and sphincterotomy were successful in 100% of the patients when a cap-fitted enteroscope was used[20].   
Intraluminal indigo carmine has been used to aid in the identification of the afferent bilio-pancreatic limb in patients with RY anatomies. Indigo carmine is a surface stain and can be injected through the enteroscope accessory channel to coat the mucosa at the RY anastomosis. Small bowel peristalsis moves the indigo carmine distally through the bowel, which will theoretically identify the efferent jejunal limb, as little (if any) indigo carmine should move by peristalsis into the afferent bilio-pancreatic limb. In a prospective study of 52 patients undergoing DBE-ERCP, application of indigo carmine correctly identified the afferent bilio-pancreatic limb in 80% of the patients[21]. Patient positioning and gravity filling of the afferent limb were attributed to the cases of incorrect identification. Once the bilio-pancreatic limb is identified, tattooing of this afferent limb can simplify future identification.
Failure to ascend into the afferent limb, typically due to sharp angulation at the anastomosis, is another common reason for ERCP failure[3]. Passing a biopsy forceps into the accessory channel to stiffen a long and floppy enteroscope can help in cannulation of the afferent limb. Passage of a long guidewire and a long retrieval balloon into the afferent limb has also been described to facilitate scope passage into the afferent limb[22]. In cases where the afferent limb cannot be accessed despite use of all available maneuvers, an endoscopic ultrasound (EUS)-guided rendezvous procedure has been described using a guidewire passed in an anterograde manner to pull an enteroscope to the papilla or duct of interest[23]. 

GASTROSTOMY-ASSISTED DELAYED (TRANSGASTRIC) ERCP
In patients with RYGB anatomy, the excluded stomach may be accessed, thus enabling anterograde passage of a duodenoscope to the ampulla for conventional ERCP. One method of accessing the bypassed gastric remnant is via a surgically created gastrostomy (Figure 5), which was first described in 1998[24]. Typically, a surgical Stamm gastrostomy is created using a 32- to 36-Fr Malecot tube, and the gastrostomy track is allowed to mature 2 to 4 wk prior to transgastric (TG) ERCP (Figure 6). The advantage of a surgical Stamm gastrostomy is that the gastrostomy tube may be replaced following transgastric ERCP, in case subsequent procedures are required (e.g., for stent removal, to treat potential post-sphincterotomy bleeding, etc.).
A retrospective study of 59 cases of patients with surgically altered gastroduodenal anatomy reported higher success rates of reaching the ampulla/duct orifice for TG-ERCP (100%) compared to SBE-ERCP (77%, P < 0.02)[25]. This study also showed that TG-ERCP had a superior rate of therapeutic ERCP success (96% vs 64%, P < 0.01) as compared to SBE-ERCP. However, TG-ERCP was associated with a higher rate of complications (38% vs 9%, P < 0.08) as compared to SBE-ERCP, which trended towards statistical significance[25]. Reported complications of TG-ERCP include bleeding at the gastrostomy site, post-ERCP pancreatitis, and bowel perforation[26]. The main drawback of this technique is the need to allow the gastrostomy track to mature prior to ERCP, which obviates the use of this method in patients who require more urgent ERCP.  

LAPAROSCOPY-ASSISTED ERCP
Again, in patients with RYGB anatomy, ERCP may be accomplished by passing a duodenoscope through a gastrostomy via the excluded stomach. In contrast to TG-ERCP, which requires a mature gastrostomy track, laparoscopy-assisted ERCP (LA-ERCP) uses a laparoscopically created track that enables immediate ERCP in the operating room. The stomach is first secured to the abdominal wall, and the excluded stomach is then accessed laparoscopically. Using this method, a large trocar can be placed into the bypassed stomach through which a therapeutic duodenoscope can be passed to perform ERCP. Use of a trocar is not mandatory to perform ERCP; as long as the stomach has been sutured or tacked to the abdominal wall, a duodenoscope can also be passed through a fresh gastrostomy track. A large Malecot tube (32- to 36 Fr) can be inserted to keep the track patent if repeated ERCP is required.
LA-ERCP provides similar success rates as compared to delayed TG-ERCP, but LA-ERCP offers the advantage of being able to perform same-day ERCP. A study of 30 patients reported a 93% rate of successful laparoscopic gastrostomy creation with a 100% therapeutic LA-ERCP success rate. While there was a 10% surgical re-exploration rate, no mortalities were reported[27]. A retrospective study comparing LA-ERCP to BEA-ERCP (SBE or DBE) reported that LA-ERCP had statistically superior rates of papillary identification (100% vs 72%) and therapeutic success (100% vs 59%)[12]. LA-ERCP also has a statistically significant advantage over SE-ERCP, with bile duct cannulation rates in one retrospective study reported at 57% for SE-ERCP versus 100% for LA-ERCP. However, LA-ERCP has a somewhat high complication rate of 13%-14.5%[27,28], which is not dissimilar to that found following delayed TG-ERCP. Other disadvantages include prolonged procedure times (with mean operative time of 172-200 min[12,27]), the requirement to coordinate both endoscopy and surgical teams for the procedure, the need to maintain surgical sterility during the procedure, the need for post-surgical patient admission, and higher cost[29]. LA-ERCP costs substantially more than BEA-ERCP, with mean total hospital charges of $9529 for LA-ERCP versus $6574 for BEA-ERCP. A cost analysis by Schreiner et al[12] found that by performing LA-ERCP only after BEA-ERCP was attempted saved $1015 compared with starting with LA-ERCP. 
Non-surgical, endoscopic methods of gastrostomy tube placement into the remnant stomach for subsequent ERCP have been described. Via EUS-guided puncture, the gastric remnant can be maximally insufflated to allow for percutaneous access guided by fluoroscopy. In a study of 10 patients, this procedure was 100% successful for gastrostomy tube placement with no complications[30]. Another non-surgical method involves percutaneous endoscopic gastrostomy (PEG) tube placement using DBE (or any deep enteroscopy approach) to reach the excluded stomach. A small study of 4 patients using this technique reported a 75% success rate for PEG placement, with only 1 case failing due to lack of abdominal transillumination[31]. No major complications were observed in any of these patients. Lastly, percutaneous computed tomography (CT)-guided gastrostomy placement has a reported success rate of 91%[32]. Although these methods are less invasive than open surgical gastrostomy tube placement, their requirement for tract maturation following gastrostomy tube placement and before ERCP can be performed limits these procedures from being utilized in patients who require urgent ERCP.
Baron et al[33] devised a novel endoscopic approach to enabling same-day ERCP in patients with RYGB via a technique known as percutaneous-assisted transprosthetic endoscopic therapy (PATENT)[34]. The PATENT method uses SBE or DBE to access the remnant stomach and facilitate gastrostomy creation using a trocar, with gastric apposition secured by T-tags. An 18-mm-wide esophageal-type fully covered self-expandable metal stent (FC-SEMS) is then deployed across the gastrostomy and a high-burst pressure (16 ATM) balloon is used to expand the stent, through which ERCP using a duodenoscope can be performed. Following ERCP, a gastrostomy tube is placed through the stent and inflated to prevent leakage of gastric contents. The transgastric FC-SEMS may be sectioned and removed over the gastrostomy tube or left in place for repeated ERCP in the future. Although gastrostomy tube placement for this procedure can be performed percutaneously or via retrograde balloon enteroscopy, balloon enteroscopy is recommended for this procedure, as it allows direct visualization during PEG placement and FC-SEMS deployment[33]. A case series of 5 patients who underwent ERCP via a transgastric FC-SEMS reported successful biliary sphincterotomy performed in all patients, and only 1 minor adverse event was observed. Median procedure time for this novel procedure was 97 min[34].

USE OF GASTRO-GASTRO FISTULA FOR ERCP
In patients with RYGB, defects in the staple line between the gastric remnant and the excluded stomach do occur; this “problem” can be used to patients’ advantage to enable ERCP, when indicated. Case reports have described (1) the passage of a duodenoscope through a fistulous communication between the gastric pouch and the excluded stomach to perform ERCP[35]; and (2) the dilation of a defect in a gastric staple line through which a FC-SEMS was deployed, thus enabling anterograde passage of a duodenoscope into the excluded stomach to perform ERCP[36].  

EUS-GUIDED ERCP
Therapeutic EUS is another method by which biliary access may be obtained in patients with surgically altered gastroduodenal anatomy (Figure 7). Weilert et al[23] used a therapeutic linear echoendoscope to direct a 19-gauge fine-needle aspiration needle into the intrahepatic ducts of the left liver in order to perform transgastric-transhepatic,  antegrade ERCP in patients with RYGB who had choledocholithiasis. Once guidewire access across the biliary system and the papilla was obtained, balloon sphincteroplasty followed by push-through of biliary stones was accomplished. This procedure was done in six patients and had a 67% rate of successful antegrade removal of biliary stones. Two patients in whom dilation catheters could not be advanced across the puncture site underwent successful rendezvous ERCP and stone extraction, by using a long guidewire that was passed across the gastrohepatic puncture site into the afferent limb to facilitate rendezvous DBE-ERCP. One patient sustained a subcapsular hematoma that resolved with conservative management; no cases of pancreatitis were reported. In a single operator, prospective, but non-randomized study, Park et al[37] performed EUS-guided biliary drainage in 45 patients. Fourteen of these patients had surgically altered anatomy and underwent EUS-guided, transhepatic, antegrade stenting or balloon dilation with a success rate of 57%. In the 6 patients who failed this approach, EUS-guided hepaticogastrostomy with transluminal stenting was performed, and one patient required percutaneous transhepatic biliary drainage. The overall adverse event rate for EUS-guided biliary drainage procedures was 11%. 

CONCLUSION
Over the past decade the ability of endoscopists to access the biliary tree in patients with surgically altered gastroduodenal anatomy has significantly advanced. Much of the progress has occurred as a result of the development of better tools to navigate the deep small bowel, namely through SBE-, DBE- and SE-ERCP. Despite using a cap, accessing the papilla or bile duct using these forward-viewing platforms remains challenging, even in expert hands. In patients with RYGB, the excluded stomach is a potential point of access for either a delayed TG-ERCP or an immediate LA-ERCP approach. However, the parallel advancement of therapeutic EUS also provides alternative approaches through which the biliary system can be accessed and intervened on in patients with surgically altered anatomies.
Adequate training and experience in deep enteroscopy, ERCP, and therapeutic EUS would be ideal for endoscopists who are frequently referred patients with altered gastroduodenal anatomies. However, combination procedures done in tandem by endoscopists with strengths in different skills are also feasible (i.e., a deep enteroscopist gets to the papilla and a biliary endoscopist does the ERCP, or an EUS specialist accesses the biliary tree and then an ERCP specialist does the transgastric-transhepatic biliary intervention).
Generally speaking, in patients with short gastro-jejunal “Roux” and bilio-pancreatic limbs, ideally less than 150 cm in total length, starting with a (cap-assisted) push-enteroscopy or BEA-ERCP approach would offer reasonable diagnostic and therapeutic ERCP success. When available, short-SBE or short-DBE scopes should be used, as they allow the use of conventional ERCP equipment, are associated with shorter procedure times, and are easier to manipulate than their longer counterparts. In patients with RYGB who have longer Roux and/or pancreatico-biliary limbs (>150 cm in total length), or in patients who have failed prior attempts at deep-enteroscopy-assisted ERCP, LA-ERCP (or delayed TG-ERCP if immediate ERCP is not required) is associated with higher rates of diagnostic and therapeutic success as compared to deep-enteroscopy-assisted ERCP. Finally, EUS-guided biliary access for antegrade biliary intervention or for rendezvous enteroscopy-assisted ERCP is possible. While percutaneous transhepatic biliary drainage[38] and surgical bile duct exploration[39,40] remain viable alternatives, these methods are not without significant morbidity and mortality and should only be considered if less invasive endoscopic interventions are not feasible or appropriate. 
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Figure 1 Surgically altered gastroduodenal anatomy found after Roux-en-Y gastric bypass.
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Figure 2 Using a  long forward-viewing endoscope, such as an enteroscope with or without a spiral- or balloon-overtube or a pediatric colonoscope, endoscopic retrograde cholangiopancreatography can be performed in patients with Roux-en-Y gastric bypass anatomy or other surgically altered gastroduodenal anatomies. However, this technique is challenging due to forward-viewing optics, lack of an elevator, a smaller accessory channel, and need for speicalized long catheters and guidewires in order to accomplish endoscopic retrograde cholangiopancreatography.
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Figure 3 A low-profile, soft, distal attachment cap (D-201-10704, Olympus America, Center Valley, PA) is shown affixed to an enteroscope (SIF-Q180, Olympus America) for use in single-balloon-enteroscopy-assisted endoscopic retrograde cholangiopancreatography.
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Figure 4 A low-profile, distal attachment cap was used in this case to push back duodenal folds to enable better visualization of the Ampulla of Vater during single-balloon-enteroscopy-assisted endoscopic retrograde cholangiopancreatography. 
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Figure 5 Endoscopic retrograde cholangiopancreatography using a duodenoscope can be performed in patients with Roux-en-Y gastric bypass anatomy by using a gastrostomy, which can be created surgically or endoscopically, to access the remnant stomach. Depending on the manner in which the gastrostomy is created, immediate or delayed endoscopic retrograde cholangiopancreatography can be performed.
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Figure 6 An example of transgastric endoscopic retrograde cholangiopancreatography in a patient with Roux-en-Y gastric bypass anatomy who underwent laparoscopic cholecystectomy and had an intraoperative cholangiogram that was suspicious for small, non-obstructing, bile duct stones. A 36-Fr Malecot tube had been left across a surgical Stamm gastrostomy. Endoscopic retrograde cholangiopancreatography in the supine position (under general anesthesia) was performed two weeks after surgical gastrostomy using a therapeutic duodenoscope. Despite an awkward scope position requiring the stabilization of the duodenoscope shaft using the left hand (as might be seen during complex colonoscopic polypectomy), biliary sphincterotomy and stone removal were successful.
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Figure 7 Using a therapeutic linear-array echoendoscope, a 19 G fine-needle-aspiration needle can be directed into dilated intrahepatic bile ducts in the left lobe of the liver. Once biliary access is established, up to an 0.035” guidewire can be passed antegrade across the extrahepatic bile duct and into the duodenum so as to facilitate rendezvous endoscopic retrograde cholangiopancreatography or antegrade bile duct therapy, such as large papillary balloon dilation to create sufficient space to push stones out of the bile duct and into the duodenum.

Table 1 Data from studies that evaluated the efficacy of single-balloon and double-balloon enteroscopy-assisted endoscopic retrograde cholangiopancreatography in patients with surgically altered gastroduodenal anatomy
	Ref.
	Method
	Cases (n)
	Cases with RY-anatomy
	Reached ampulla/
orifice
	Diagnostic ERCP success
	Therapeutic ERCP success

	Wang et al[22]
	SBE
	16
	12
	81.3%
	100%
	90%

	Saleem et al[13]
	SBE
	56
	56
	75%
	92.8%
	91%

	Itoi et al[17]
	SBE1
	13
	11
	92.3%
	N/A
	83.3%

	Shah et al[3]
	SBE
	45
	N/A
	69%
	87%2
	87%2

	Yamauchi et al[16]

	Short SBE
	31
	23
	90%
	89%
	96%

	Shah et al 3]
	DBE
	27
	N/A
	74%
	85%2
	85%2

	Aabakken et al[41] 
	DBE
	18
	18
	94.4%
	88%
	100%

	Emmett et al[42]
	DBE
	20
	20
	85%
	94.1%
	100%

	Pohl et al[43] 
	DBE
	25
	25
	95.5%
	N/A
	88.0%

	Raithel et al[9]
	DBE
	86
	29
	74.1%
	91.3%2
	91.3%2

	Shimatani et al[44]
	Short DBE
	103
	81
	97.1%
	98.0%
	100%

	Itoi et al[15]
	Short and
Long DBE3
	134
	13
	100%
	66.7%
	100%

	Cho et al[45] 
	Short DBE
	29
	13
	86.2%
	96%
	100%

	Osoegawa et al[14]
	Short DBE
	47
	29
	96%
	89%
	100%

	Siddiqui et al[46]
	Short DBE
	79
	51
	89.9%
	90%
	100%


1After the papilla was reached with the single-balloon enteroscope, it was replaced with a conventional forward-viewing upper gastrointestinal endoscope; 2Reported success was for both diagnostic and therapeutic procedures; 3For long double-balloon enteroscopy (DBE) cases, after the papilla was reached with the balloon enteroscope, it was replaced with a conventional forward-viewing gastroscope; 4Of 13 total cases, 5 patients underwent DBE, 4 patients underwent single-balloon enteroscopy (SBE). Diagnostic success rates were calculated only for those patients in whom the ampulla/orifice was reached. Therapeutic success rates do not include those patients in whom the ampulla/orifice was not reached and/or diagnostic endoscopic retrograde cholangiopancreatography (ERCP) failed or patients who did not require any therapeutic intervention.

Table 2 Reported rates of adverse events in patients with surgically altered gastroduodenal anatomy who underwent deep-enteroscopy-assisted endoscopic retrograde cholangiopancreatography
	Ref.
	Method
	Cases (n)
	Cases with RY anatomy
	Pancreatitis
	All adverse events

	Wang et al[22]
	SBE
	16
	12
	12.5%
	12.5%

	Saleem et al[13]
	SBE
	56
	56
	0%
	0%

	Itoi et al[17]
	SBE
	13
	11
	0%
	0%

	Yamauchi et al[16]
	Short SBE
	31
	23
	7.7%
	N/A

	Emmett et al[42]
	DBE
	20
	20
	0%
	0%

	Raithel et al[9]
	DBE
	86
	34
	2.3%
	N/A

	Shimatani et al[44]
	Short DBE
	103
	81
	0%
	4.9%

	Itoi et al[15]
	Long and short DBE
	13
	13
	0%
	7.7%

	Siddiqui et al[46]
	Short DBE
	79
	51
	4%
	5%

	Lennon et al[4] 
	Spiral
	29
	29
	0%
	0%

	Wagh et al[47]
	Spiral
	57
	6 of 7 pts
	0%
	0%


DBE: Double-balloon enteroscopy; SBE: Single-balloon enteroscopy.


Table 3 Studies that evaluated the efficacy of spiral-enteroscopy-assisted ndoscopic retrograde cholangiopancreatography in patients with surgically altered gastroduodenal anatomy
	Ref.
	Method
	Cases (n)
	Cases with RY anatomy
	Reached ampulla/orifice
	Diagnostic ERCP success
	Therapeutic ERCP success

	Shah et al[3]
	Spiral
	57
	N/A
	72%
	90%1
	90%1

	Lennon et al[4]
	Spiral
	29
	29
	N/A
	40%
	87.5%

	Wagh et al[47]
	Spiral
	13
	6 of 7 patients
	77%
	89%
	90%


1Reported success was for both diagnostic and therapeutic procedures. Diagnostic success rates were calculated only for those patients in whom the ampulla/orifice was reached. Therapeutic success rates do not include those patients in whom the ampulla/orifice was not reached and/or diagnostic endoscopic retrograde cholangiopancreatography (ERCP) failed or patients who did not require any therapeutic intervention.
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