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EUS-guided transmural pancreatic duct drainage using plastic or metallic stents when endoscopic retrograde cholangiopancreatography failed

Backgrounds and aim

Pain is the most common symptom in patients with chronic pancreatitis (CP) and can severely impair their quality of life. Main pancreatic ductal (MPD) hyperpressure resulting from blockage of pancreatic flow by stenosis, obstructive lithiasis, or ductal rupture is described as the primary possible mechanism of pain in these patients. MPD obstruction is also found in cases of anastomotic stenosis after Whipple's surgery or pancreaticoduodenectomy (Figure 1).

Pain treatment based in endoscopic or surgical ductal decompression is effective in 70 to 90% of cases (1,2), suggesting the obstruction of pancreatic flow is the main cause of pain [START_REF] Ali | Endoscopic or surgical intervention for painful obstructive chronic pancreatitis[END_REF]. Other contributors to CP pain include neurogenic/neuropathic changes in the pancreas and/or peripancreatic tissues, cytokine-related inflammation from infiltrative immune cells within the pancreas, and intestinal malabsorption due to exocrine failure [START_REF] Anderson | Mechanism, assessment and management of pain in chronic pancreatitis: Recommendations of a multidisciplinary study group[END_REF][START_REF] Hobbs | Management of pain in chronic pancreatitis with emphasis on exogenous pancreatic enzymes[END_REF].

Depending on clinical presentation, CP surgical management is based either in parenchymal resection or evacuation, in case of significant compressive fibrosis either in lateral pancreaticojejunostomy when MPD is dilated in order to get ductal decompression [START_REF] Löhr | United European Gastroenterology evidence-based guidelines for the diagnosis and therapy of chronic pancreatitis (HaPanEU)[END_REF]. Whipple resection remains associated with high morbidity and mortality and is used mainly in cases of suspected associated tumor. However, evacuation with duodenal conservation called Frey's technique associated with lateral pancreaticojejunostomy (Figure 2) has been reported with a lower morbi-mortality rate and promising long-term results [START_REF] Egawa | Assessment of Frey procedures: Japanese experience[END_REF]. Surgical pancreatic duct decompression procedures reduce pain in 75% of patients with a low morbidity and mortality rate of 30 and 2% respectively [START_REF] Egawa | Assessment of Frey procedures: Japanese experience[END_REF][START_REF] Amano | Pancreatic duct patency after pancreaticogastrostomy: long-term follow-up study[END_REF][START_REF] Dumonceau | ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline[END_REF]. Nevertheless, the need of repeated intervention rate has been reported near 20% due to recurrent stenosis with persistent pain [START_REF] Adams | Outcome after lateral pancreaticojejunostomy for chronic pancreatitis[END_REF][START_REF] Amano | Pancreatic duct patency after pancreaticogastrostomy: long-term follow-up study[END_REF]. In addition, it is necessary to select patients with significant ductal dilation to perform a wirsungo-jejunal anastomosis.

MPD drainage by Endoscopic Retrograde CholangioPancreatography (ERCP, Figure 3) was developed in 1980s, gradually combined with Extracorporeal Shock Wave Lithotripsy (ESWL) in 1990s in patients with CP. MPD drainage with ERCP has been reported with a long term efficacy in the range of 60 to 80% of cases with a low morbidity and mortality rates of 6 and 0.4% respectively [START_REF] Costamagna | Multiple stenting of refractory pancreatic duct strictures in severe chronic pancreatitis: long-term results[END_REF][START_REF] Dumonceau | ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline[END_REF]. However, MPD cannulation with ERCP represent technical challenge even in experienced hands with failure in 3 to 10%. In patients with CP, the reason of fail deep cannulation is due to a tight stricture, a complete duct obstruction by pancreatic stone and more rarely, a disconnection by ductal rupture following acute or post-traumatic pancreatitis [START_REF] Renou | Endoscopic treatment of the main pancreatic duct: correlations among morphology, manometry, and clinical follow-up[END_REF][START_REF] François | EUS-guided pancreaticogastrostomy[END_REF][START_REF] Brauer | Single-operator EUS-guided cholangiopancreatography for difficult pancreaticobiliary access (with video)[END_REF].

Moreover, sometimes, a loop configuration of the MPD can make deep cannulation extremely difficult. Also, ERCP most commonly fails as a result of surgically altered anatomy and therefore the inability to reach the papilla.

Over the past two decades, the development of the linear array echoendoscope has led to various endoscopic ultrasound (EUS)-related therapeutic techniques, such as pancreatic pseudocyst drainage, EUS-guided rendezvous, EUS-guided biliary drainage [START_REF] Giovannini | Endoscopic ultrasound-guided cystogastrostomy[END_REF][START_REF] Poincloux | Endoscopic ultrasound-guided biliary drainage after failed ERCP: cumulative experience of 101 procedures at a single center[END_REF] and more recently EUS-guided pancreaticogastrostomy with the use of a large channel echoendoscope.

Endoscopic Ultrasound guided Pancreatic Drainage (EUS-PD) technique is based on the method of transgastric drainage of the intra-hepatic bile ducts (Figure 4). A puncture is performed through the posterior gastric wall into the lumen of a dilated pancreatic duct. A dilatation of the tract is performed followed by the placement of a plastic stent [START_REF] François | EUS-guided pancreaticogastrostomy[END_REF][START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. The canal puncture can also be performed by transduodenal approach in the bulb [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. In some cases, the echo-endoscopic approach to MPD has allowed for a rendez-vous technique similar to that used during biliary drainage [START_REF] Mallery | EUS-guided rendezvous drainage of obstructed biliary and pancreatic ducts: Report of 6 cases[END_REF]. At the end of 2000s, the first case series EUS-guided pancreaticogastrostomy (EUS-PG) and EUS-guided pancreaticobulbostomy (EUS-PB) when ERCP failed has been reported [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. European Society of Gastrointestinal Endoscopy recently validated EUS-PD as an alternative to surgical anastomosis [START_REF] Dumonceau | Endoscopic treatment of chronic pancreatitis: European Society of Gastrointestinal Endoscopy (ESGE) Guideline -Updated August 2018[END_REF]. These drainages were mainly performed with plastic stents but with nearly 50% of stent dysfunction in the medium term requiring repeated endoscopic procedures [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. In this series, we report our experience and long-term follow-up with EUS-PG and EUS-PB using plastic and metallic stents.

Patients and methods

Patients and definitions

We investigated all patients who underwent EUS-Pancreatic drainage after failed or impossible ERCP in Clermont Ferrand University Hospital between January 2010 and July 2021. The protocol to carry out retrospective revision of the cases performed was approved by our hospital's institutional review board and was performed in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained from all patients after a detailed discussion of the available alternatives and review of cross-sectional imaging.

The clinical data retrospectively collected from their charts included demographic information, indication for the EUS-PG or the EUS-PB, the technical aspects of the procedure and the complications related to the procedure. Follow-up information was obtained by reviewing charts for the scheduled visit and/or telephone contact of the patient or the clinician. The need for a subsequent endoscopic procedure or surgery, the stent patency and/or dysfunction, and the outcome of the patients were all noted.

Procedures

All EUS-PD were performed by 1 trained operator both ERCP and EUS procedures (Laurent Poincloux, MD-PhD Digestive Endoscopy Department, CHU Estaing, Clermont-Ferrand), in an interventional endoscopy room with fluoroscopy in patients in dorsal decubitus, under general anesthesia with orotracheal intubation after antibiotic prophylaxis (Cefazoline 2g IV).

All procedures were performed using carbon dioxide insufflation with a 3.8mm therapeutic wide working channel linear echoendoscope (EG 3830UT, Pentax, Tokyo Japan) connected to a Hitachi Avius echoprocessor. All patients were admitted for at least one night of observation.

The tip of the echoendoscope was positioned either in the first part of the duodenum either in regard of the posterior gastric wall depending on which position the least distance between the GI tract and the dilated MPD so well as the maximal stability were obtained. Thus, by the use of a transgastric or transduodenal approach, EUS-guided puncture of the dilated MPD could be performed in the region of the neck, body, or tail of the pancreas.

The lack of interposing vessels was systematically confirmed using color Doppler flow before the dilated MPD was punctured from the gastric wall or the duodenal bulb mainly with a The needle was withdrawn, and the fistula tract was dilated using a 6-French cystotome or ring knife (ENDO-FLEX GmbH, Voerde, Germany) using pure cut without coagulation. If transparenchymal access to the MPD failed with the use of this ring knife, a 6-Fr and 7-Fr tapered biliary dilator catheters (Soehendra stent retriever 6 or 7; Cook Endoscopy) could be then inserted and removed over the guidewire in order to complete the dilation of the fistula tract.

Then the 0.025-inch guide-wire was exchanged for a 0.035-inch superstiff guide-wire (DreamWire, Boston Scientific) through the cystotome to facilitate afterwards the insertion and the progression along the guide angle of the stent. The cystotome was removed and a 6F or 7F mono or double pigtail plastic stent was then implanted, with the length adapted to fit the anatomy or a fully covered self-expandable-metal stent (cSEMS) (Bumpy, 6 mm diameter, 6 or 8 cm in length, Taewoong Corp., Korea). was deployed across the fistula between the MPD and the duodenal or gastric lumen under fluoroscopic and endoscopic guidance (Figure 5 &6).

When the guidewire reached the jejunal lumen in case of pancreatico-jejunal stenosis, the tight anastomosis could be dilated with a biliary dilation balloon (6-8 mm diameter, Hurricane, Boston Scientific, USA) then a longer double pigtail plastic stent was inserted through the pancreatic fistula between the jejunal lumen and the gastric lumen called transanastomotic drainage (Figure 7). In case of stent migration, stents were replaced using only a duodenoscope when the guidewire catheterism of the transgastric or transduodenal fistula was achieved otherwise a new EUS guided pancreatic drainage had to be done again.

Outcomes and definitions

The primary outcome for this study was technical and clinical success rates. Secondary outcomes included the adverse events rate and the duration of hospital stay. Adverse Events were classified as early adverse events when they occurred in intra-procedural time or within 1 week after stent placement and were graded according to the American Society for Gastrointestinal Endoscopy lexicon [START_REF] Cotton | A lexicon for endoscopic adverse events: report of an ASGE workshop[END_REF]. Long term adverse events i.e. stent related adverse event was defined as a stent occlusion or migration, associated or not with a pancreatitis or pain recurrence, and time to obstruction was defined as the stent patency duration. Technical success was defined by the accurate positioning of the stent between the MPD and the duodenum lumen or the gastric antrum. Clinical success was defined as a disappearance or a pain relief of at least 50% within 90 days and 180 days after procedure.

Statistical analysis

Proportion and median with their standard deviations and minimum and maximum values for each variable studied due to the small number of patients were used for demographics characteristics.

Results

Patient characteristics

Thirteen patients (5 women) underwent EUS-PD between January 2010 and July 2021, at Clermont-Ferrand University Hospital (mean age 53 years, range 22-68 years).

The most common indication for the procedure was CP (n = 7) which was caused by either alcohol (n = 6) or either a ductal rupture after iatrogenic acute pancreatitis (n = 1). ERCP failed in all CP patients due to a tight stricture (n = 5), an obstructive stone (n = 1) or a fistula (n = 1).

They were symptomatic with recurrent pancreatitis and/or inadequate pain control despite narcotics (n = 5) or pain with pancreatic exocrine deficiency (n = 2).

The second indication was wirsungo-digestive anastomotic stricture with MPD dilation in four patients with surgical diversion: 3 had pancreaticoduodenectomy with pancreaticogastric (n = 1) and pancreaticojejunal (n = 2) anastomosis for pancreatic head adenocarcinoma (n = 2) and serous cystadenoma (n = 1); 1 had antro-duodenectomy for duodenal carcinoid. In this group, EUS-PD was done at a median of 48 months (range 12-84 months) after surgery.

Finally, 1 patient presented a ductal disconnection post-traumatic pancreatic fracture and the last one presented a pancreatic fistula post spleno-pancreatectomy.

The mean MPD dilation in the whole cohort was 6.5mm [START_REF] Anderson | Mechanism, assessment and management of pain in chronic pancreatitis: Recommendations of a multidisciplinary study group[END_REF][START_REF] Hobbs | Management of pain in chronic pancreatitis with emphasis on exogenous pancreatic enzymes[END_REF][START_REF] Löhr | United European Gastroenterology evidence-based guidelines for the diagnosis and therapy of chronic pancreatitis (HaPanEU)[END_REF][START_REF] Egawa | Assessment of Frey procedures: Japanese experience[END_REF][START_REF] Amano | Pancreatic duct patency after pancreaticogastrostomy: long-term follow-up study[END_REF][START_REF] Dumonceau | ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline[END_REF][START_REF] Renou | Endoscopic treatment of the main pancreatic duct: correlations among morphology, manometry, and clinical follow-up[END_REF] on echo-endoscopic measurement (Table I). length in 1 case (Figure 8). EUS-PB was performed with a 6cm cSEMS. Median length of hospitalization was 1 day (range 1-10 days) (Table II). 

Length of hospitalization (day)

Median 1

Min. 1

Max. 10 Table III: Flow chart of EUS-guided procedures and management of stent related complications

EUS-PG: EUS-guided pancreatogastrostomy -EUS-PB: EUS-guided pancreatobulbostomy -

cSEMS: covered self-expandable metallic stent Note that we report no cSEMS obstruction. Indeed, cSEMS dysfunctions were managed only with a duodenoscope without the need of a repeated transmural EUS-guided procedure.

By contrast, the 3 plastic stent complications had to be managed with 3 repeated complete EUS-PD. Indeed, the plastic stent obstruction imposed an ablation of this one but the transgastric fistula could not be catheterized with a guide-wire due to a tight fibrotic fistula created by the small diameter of the plastic stent (7Fr). The repeated EUS-PG was realized using a cSEMS.

In the same way, in case of plastic stent migration, a transmural EUS-PD should be repeated because the transgastric fistula was closed without the possibility of catheterization and therefore of stent insertion. In one patient with anastomotic stricture and plastic stent migration, the repeated EUS-procedure allowed to reach the jejunal lumen with the guide-wire allowing the balloon dilation of the anastomotic stricture and the placement of a new longer transanastomotic plastic stent. This replacement stent also migrated and was replaced by a transanastomotic cSEMS that did not present any complication at 11 months.

Finally, at the end of the follow-up, 5 patients were treated with cSEMS (3 during initial drainage and 2 including the plastic stent complications management) and 7 patients were treated with a plastic stent.

cSEMS were replaced regularly every 6 to 12 months using only a duodenoscope until their final removal. In one patient with a CP, a transgastric cSEMS allowed a rendez-vous technique, allowing subsequent iterative retrograde transpapillary drainages.

Patients treated with plastic stents were monitored by imaging (radiography or MRI) and systematic consultations. 5 plastic stent migrated spontaneously without repeated endoscopy considering the absence of symptomatic recurrence. A patient whose plastic stent had been removed in an outside institution finally benefited from iterative retrograde drainages through the surgical wirsungo-gastric anastomosis after endoscopic resection of the obstructive scar bud to expose the anastomotic orifice.

Discussion

In patients with a pancreatic stricture associated with ductal dilation, ERCP is the first line therapy in order to obtain duct decompression [START_REF] Löhr | United European Gastroenterology evidence-based guidelines for the diagnosis and therapy of chronic pancreatitis (HaPanEU)[END_REF][START_REF] Dumonceau | ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline[END_REF]. Endoscopic pancreatic duct decompression includes in chronic pancreatitis, pancreatic sphincterotomy, pancreatic stone extraction, pancreatic duct stricture dilation and pancreatic endoprosthesis placement. Extracorporeal lithotripsy is also a major technique proposed to improve pancreatic duct decompression [START_REF] Ohara | Single application extracorporeal shock wave lithotripsy is the first choice for patients with pancreatic duct stones[END_REF].

Retrograde pancreatic duct cannulation fails in approximately 10% of these patients, even in experienced hands, due to a complete blockage of the MPD in relationship with either a very tight stricture either a complete disconnection of the MPD. Moreover, ERCP is impossible in case of modified anatomy due to a prior surgery and is not suitable to treat pancreatic anastomotic stricture. Patients are traditionally referred for surgical treatment when ERCP fails, much more rarely for percutaneous drainage [START_REF] Simmons | Percutaneous pancreatography for treatment of complicated pancreatic duct strictures[END_REF]. Nevertheless surgical decompressive technique i.e. the pancreatico-jejunostomy is associated with a greater morbidity and mortality than that incurred with endoscopy [START_REF] Kalady | Immediate and long-term outcomes after lateral pancreaticojejunostomy for chronic pancreatitis[END_REF]. In the two last decade, linear-array EUS has expanded the field of pancreaticobiliary therapeutics. Concerning pancreatic drainage, EUS-assisted pancreatography was first performed then EUS-guided interventions to decompress the pancreatic ductal system as the creation of a pancreaticoenteric fistula (to facilitate a rendez-vous procedure ultimately leading to an ERCP procedure [START_REF] Brauer | Single-operator EUS-guided cholangiopancreatography for difficult pancreaticobiliary access (with video)[END_REF][START_REF] Mallery | EUS-guided rendezvous drainage of obstructed biliary and pancreatic ducts: Report of 6 cases[END_REF][START_REF] Simmons | Percutaneous pancreatography for treatment of complicated pancreatic duct strictures[END_REF] or the creation of a pancreaticogastrostomy or a pancreaticoduodenostomy with transmural stents [START_REF] François | EUS-guided pancreaticogastrostomy[END_REF][START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF][START_REF] Kahaleh | EUS-guided pancreaticogastrostomy: analysis of its efficacy to drain inaccessible pancreatic ducts[END_REF].Here we report our series of 13 patients who underwent EUS-guided pancreaticogastrostomy or pancreaticobulbostomy over an 11-year recruitment period with a long-term follow-up (median 33 months). Most of the series reported also included a limited number of patients in this indication ranging from 4 to 25 [START_REF] Krafft | Anterograde Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: A Technical Review[END_REF] Despite a limited number of patients, to our knowledge it's the first series that reported transmural EUS-PD with the use of covered metallic stents. Technical success rates ranging from 25% to 90% has been reported in the available literature [START_REF] Krafft | Anterograde Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: A Technical Review[END_REF]. We report thus a high technical success rate of 94% in this study which can be explained by the great experience of the operator in EUS-biliary drainage to allow decompression of biliary tree with an almost similar technical procedure [START_REF] Poincloux | Endoscopic ultrasound-guided biliary drainage after failed ERCP: cumulative experience of 101 procedures at a single center[END_REF]. The only failed procedure occurred in a patient with an inadequacy MPD dilatation (4mm): EUS puncture did not allow pancreatic fluid aspiration and contrast injection through the needle was not performed to avoid parenchymatography and therefore a potential pancreatitis risk. A minimum MPD dilatation of 6 mm seems required to achieve EUS-guided puncture according to some authors [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. Clinical long-term success rates ranging from 50% to 100% have been reported in the available literature [START_REF] Krafft | Anterograde Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: A Technical Review[END_REF]. With a median follow-up of 33 month, clinical long-term success rate in this study was nearly of 100% with all patients currently asymptomatic, therefore of 92% in intention to treat analysis.

Nevertheless, the great difference in literature rates can be explained by the variability of case number and it's difficult to compare the treatment results because of the heterogeneity of the patient groups. Moreover, our pain assessment method is open to criticism because it is subjective due to the non-use of a pain scale before the procedure and during the follow-up.

However, these clinical results are comparable even higher to those of ERCP or surgical interventions [START_REF] Ali | Endoscopic or surgical intervention for painful obstructive chronic pancreatitis[END_REF]. Adverse event rates reported in the literature have ranged from 14% to 25% [START_REF] Krafft | Anterograde Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: A Technical Review[END_REF]. Reported adverse events include bleedings, perforations, pancreatitis, and the formation of pseudocysts which were usually successfully managed conservatively or by interventional endoscopy. So far, no EUS-intervention related death has been reported. Despite the relative aggressiveness of these procedures, complications were low with only moderate acute pancreatitis in two patients, managed conservatively. This is most likely because of the severe level of pancreatic fibrosis in most patients in this series (7/13). Indeed, moderate AP occurred in 2 patients without pancreatic fibrosis treated for a pancreatic anastomotic stricture. No patient with CP treated with EUS-PD experienced acute pancreatitis. Patients with anastomotic stricture referred for EUS-PD present probably a higher risk of AP but the higher surgical risk must be also taken into account in these patients with previous surgery.

So far, EUS-PG and EUS-PD were realized with plastic stents. Stent dysfunction is quite frequent and the mainly limitation of these techniques. Stent dysfunction (delayed migration or obstruction) can occur in more than 50% of cases [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. Some teams have proposed a replacement of the small caliber initial stent by either a larger plastic stent or, more often, 2 stents implanted side by side with a "Fusion balloon technique" (first stent with short way and second stent with long way) two months after the first procedure to increase the stent patency [START_REF] Tessier | EUS-guided pancreatogastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for transpapillary endoscopic therapy[END_REF]. We report the first use of covered self-expandable metallic stent in transmural EUS-PD to evaluate a potential improvement of delayed stent dysfunction. We used adequate cSEMS for pancreatic duct i.e. small caliber stents (6mm). During the EUS-procedure the choice between plastic and metallic stent was done at the discretion of the endoscopist but a minimal 6 mm pancreatic duct dilation was required. Metallic stent placement across the fistula was not more technical challenging than plastic stent placement. There were 3 episodes of AP following plastic stent placement versus 1 AP post metallic stent placement but there are too few events to conclude. No bleeding or perforation or pancreatic duct damage were reported in both groups.

On the other side, the use of cSEMS in EUS-PD does not seem to improve the stent-related complications: we report 2/5 (40%) stent dysfunction with cSEMS (1 internalization and 1 migration) versus 3/10 (30%) stent dysfunction with plastic stent (1 obstruction and 2 migrations). In fact, the main advantage of the use of cSEMS in EUS-PD is to maintain the transmural fistula patency in long term and thus to allow an easier endoscopic management of stent dysfunction with a conventional endoscopy. In case of cSEMS migration, the conservative fistula patency allows an easily guide-wire transmural catheterism using a duodenoscope and the replace of a transgastric or transduodenal stent without the need of a repeated EUS-guided procedure. Moreover, we report no cSEMS obstruction with a median follow-up of 33 months.

By contrast, in case of plastic stent obstruction or migration, transmural fistula tract is closed and a repeated EUS-PD is needed with its own procedure-related risk. Finally, a cSEMS inserted across a gastro-pancreatic fistula allows to attempt easier an endoscopic rendez-vous procedure and thus if successful allowing subsequent iterative retrograde transpapillary MPD drainages and to preserve the physiological pancreatic flow. In the same way a gastro-pancreatic cSEMS allows to attempt easier a guide-wire catheterism of a surgical anastomotic stricture allowing if successful a "ring-drainage" i.e. the placement of a trans-anastomotic double pigtail plastic stent between the jejunal lumen and the gastric lumen trough the gastro-pancreatic fistula. In our series, there were 2 patients which have benefited from these techniques with success. In this study, only one EUS-PB was performed versus 14 EUS-PG. Transgastric approach is the only approach possible in the case of surgical altered anatomy. Howewer, this approach need a short scope position hence some instability but a good pushability to insert a transmural stent. EUS-PG represents a technical challenge due to an acute angle between the puncture needle and the MPD leading to a difficult deep insertion of the guide-wire along the pancreatic duct (Figure 9). With the use of the transbulbar approach, because the ''long'' scope position during the procedure, EUS-PB allows a better view of the MPD, better stability, a needle puncture along the MPD axis avoiding guidewire angulation and allowing the creation of a "neo-papilla" with a physiological pancreatic fluid flow (Figure 10). However, despite these many advantages, we have been frequently confronted with the interposition of the gastroduodenal artery preventing the procedure.

Limits of this study are the single center retrospective design, the heterogeneity of the population studied, the selection of the patients with chronic pancreatitis because there was no attempt of extracorporeal shock-wave lithotripsy in patients with failed ERCP due to an obstructive intraductal lithiasis before the EUS-guided pancreatic drainage.

Considering the high technical and clinical success with a low morbidity and the potential of cSEMS to manage delayed adverse events related stents, this technique should be considered in selected patients (in terms of age, comorbidities, surgical altered anatomy, disconnected pancreatic syndrome, refusal to undergo further surgical intervention, symptomatic chronic pancreatitis with failed ERCP and/or ESWL).

Conclusion

If conventional retrograde endoscopic pancreatic ductal drainage is not possible, EUS-PD is feasible, relatively safe, and effective in the long term. However, this type of drainage remains a technical challenge requiring extensive experience both therapeutic EUS and ERCP and may require repeat endoscopic in the medium and long term. In tertiary centers, it appears as a potential alternative to surgery when ERCP fails. The use of cSEMS does not appear to increase the difficulty or morbidity of the procedure. By contrast, it could reduce the need of endoscopic repeats and facilitate them thanks to a conventional endoscopy which avoids an additional EUS procedure. A prospective study comparing surgical wirsungo-jejunal anastomosis with this endoscopic technique using cSEMS is needed.
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  19gauge-needle (Expect Flex 19G, Boston Sientific) or if necessary (when the endoscope path exhibited a significant angulation) with a 22G needle (ECHO-1-22; Cook, Limerick, Ireland). Pancreatic fluid aspiration was first performed to confirm the intraductal location of the needle tip before a contrast injection under fluoroscopic guidance in order to avoid parenchymal injection. Then, once pancreatic ductography was achieved, a 0.025-inch guidewire (Visiglide, Olympus, Japan) was introduced through the 19G EUS needle or a 0.018 inch guidewire through the 22G EUS needle and advanced into the MPD under fluoroscopic guidance until it reached the pancreatic duct obstruction but the preference was always to advance the guidewire anterograd into the duodenum or the jejunum (in case of pancreatico-jejunostomy) whenever possible.

  Regarding the cSEMS complications, the transgastric internalization was managed by a stentin-stent technique with a second cSEMS owing to an accessible gastric orifice of the pancreatic fistula. The cSEMS migration was easily managed with the guide-wire catheterization of the still permeable pancreato-gastric fistula orifice allowing the insertion of a new cSEMS across the fistula. No complication occurred during the follow-up of these new implanted cSEMS.

  cas d'impossibilité de drainage canalaire pancréatique endoscopique rétrograde conventionnel, un drainage canalaire transmural antérograde, guidé par échoendoscopie, est faisable, relativement sûr et efficace à long terme. Ce type de drainage reste cependant un défi technique nécessitant une grande expérience de l'échoendoscopie interventionnelle, et peut nécessiter des reprises endoscopiques à moyen et long terme. Dans les centres tertiaires, il apparait comme une alternative potentielle à la chirurgie en cas d'échec de CPRE. L'emploi de stents métalliques couverts ne semble pas augmenter la difficulté ou la morbidité de la procédure. En revanche, il pourrait diminuer le nombre de reprises endoscopiques et faciliter celles-ci en évitant une nouvelle procédure guidée par écho-endoscopie. Une étude prospective comparant l'anastomose wirsungo-jéjunale chirurgicale à cette technique endoscopique avec emploi de stents métalliques couverts est nécessaire.
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Table I :

 I Baseline characteristics

	Technical success	
	n total = 13 Technical success was achieved in 94% (15/16 EUS-PD). 16 procedures were performed in 13 N (%)
	Gender patients: 14 EUS-PGs in 11 patients (1 in 9 patients, 2 in 1 patient and 3 in 1 patient) and 1
	Female EUS-PB in 1 patient (Figure 5 & 6). Only one procedure failed due to an inadequacy MPD 5 (38)
	Male dilatation (4mm) found during EUS-procedure.	8 (62)
	Age (year) Puncture was performed with a 19Ga needle in 16 cases. The initial guide wire used was
	Average 0.025inch in 13 cases and 0.035inch in 2 cases. The fistula was performed only with a 6Fr 53
	Min. cystotome in 7 cases, completed by a 4mm balloon and/or 6-7Fr tapered biliary dilatator 22
	Max. catheters in 8 cases. EUS-PG were performed in 10 cases with 7Fr plastic stents of which 8 68
	Indication single pigtail (5 in 6cm length and 3 in 10cm length) and 2 double pigtail (10cm length) and in
	Chronic pancreatitis 4 cases with covered self-expanding metal stents (cSEMS) in 6cm length in 3 cases and 8cm 7 (54)
	Surgical anastomotic stricture	4 (30)
	Ductal disconnection	1 (8)
	Pancreatic fistula	1 (8)
	Wirsung (mm)	
	Average	6.5
	Min	4
	Max	10

Table II :

 II Details of EUS-PD procedure

	n total = 16	N (%)
	Technical success	15 (94)
	Procedure	
	EUS-PG	14
	EUS-PB	1
	Failure	1
	Type of stent	
	Plastic	10
	cSEMS	5

  excepted the series of Tessier et al. (36 patients) (15) which was bicentric. This limited series can be also regarded as an appropriate patient selection and could be explained by a low ERCP cannulation failure rate of 4% (14) in our center.

Fig. 10: EUS-PB with a long positionning approach
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Clinical success

Median follow-up was 33 months (range 7-120 months) with 76% of patients followed during 12 months or more. Clinical success at 3 and 6 months was achieved in all cases (12/12 patients with EUS-PD) had either a complete or major improvement of their symptoms and therefore was 92% (12/13) in intention to treat analysis. No patient required an additional surgery for analgesic purposes and all patients are currently asymptomatic.

Early adverse events

No procedure related death was reported in our cohort. No bleeding or perforation was also reported. There were moderate acute pancreatitis in 4 out of 16 procedures (25%). These AP occurred in 2 patients treated with an EUS-PD for a post-Whipple anastomotic stricture, one patient having required 3 EUS-PD (2 using a plastic stent and 1 a cSEMS) presented 3 post procedure AP and one patient having required only one EUS-PD using a plastic stent presented one post procedure AP. Favorable outcome with conventional medical treatment were reported in these 4 cases of moderate AP. Regarding these 4 AP, length of hospitalization varied between 7 to 10 days.

Stent-related complications

Five out of 15 stents placed by transmural EUS-PD (33%) required repeat endoscopy due to symptomatic stent-related complications: 1 internalization and 1 migration occurred with cSEMS i.e. 2/5 complications; 1 obstruction and 2 migrations with plastic stent i.e. 3/10 complications (Table III). Median time to stent dysfunction was 150 days (range 20-300 days).

Conseil national de l'ordre des médecins SERMENT D'HIPOCRATE

Au moment d'être admis(e) à exercer la médecine, je promets et je jure d'être fidèle aux lois de l'honneur et de la probité.

Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans tous ses éléments, physiques et mentaux, individuels et sociaux.

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune discrimination selon leur état ou leurs convictions. J'interviendrai pour les protéger si elles sont affaiblies, vulnérables ou menacées dans leur intégrité ou leur dignité. Même sous la contrainte, je ne ferai pas usage de mes connaissances contre les lois de l'humanité. J'informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences. Je ne tromperai jamais leur confiance et n'exploiterai pas le pouvoir hérité des circonstances pour forcer les consciences.

Je donnerai mes soins à l'indigent et à quiconque me les demandera. Je ne me laisserai pas influencer par la soif du gain ou la recherche de la gloire.

Admis(e) dans l'intimité des personnes, je tairai les secrets qui me seront confiés. Reçu(e) à l'intérieur des maisons, je respecterai les secrets des foyers et ma conduite ne servira pas à corrompre les moeurs. Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je ne provoquerai jamais la mort délibérément.

Je préserverai l'indépendance nécessaire à l'accomplissement de ma mission. Je n'entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai pour assurer au mieux les services qui me seront demandés. J'apporterai mon aide à mes confrères ainsi qu'à leurs familles dans l'adversité.

Que les hommes et mes confrères m'accordent leur estime si je suis fidèle à mes promesses ; que je sois déshonoré(e) et méprisé(e) si j'y manque.

SERMENT D'HIPPOCRATE

En présence des Maîtres de cette FACULTE et de mes chers CONDISCIPLES, je promets et je jure d'être fidèle aux lois de l'Honneur et de la Probité dans l'exercice de la Médecine.

Je donnerai mes soins gratuits à l'indigent et je n'exigerai jamais un salaire au-dessus de mon travail. Admis dans l'intérieur des maisons, mes yeux ne verront pas ce qui s'y passe, ma langue taira les secrets qui me seront confiés et mon état ne servira pas à corrompre les moeurs ni à favoriser le crime.

Respectueux et reconnaissant envers mes MAÎTRES, je rendrai à leurs enfants l'instruction que j'ai reçue de leurs pères.

Que les HOMMES m'accordent leur estime si je suis fidèle à mes promesses. Que je sois couvert d'OPPROBRE et méprisé de mes confrères si j'y manque. 

Mots-clés :

SEMS -EUS-PD -EUS-PG -EUS-PB -MPD -CP -ERCP -Whipple