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Abstract
The prognosis of pancreatic cancer remains poor, even after initial surgical therapy. Local recurrence after Whipple’s pancreatico-duodenectomy may lead to intestinal obstruction at the level of the afferent limb or the alimentary limb. Endoscopic insertion of a self-expandable metal stent (SEMS) into the intestinal malignant stricture is the preferred method of choice for palliation. We describe two new endoscopic techniques to treat a malignant intestinal obstruction with the insertion of a SEMS into the afferent limb and the alimentary limb. A case of malignant gastric outlet obstruction after a Whipple’s resection was treated by the creation of an endoscopic gastrojejunostomy by the insertion of a lumen apposing HotAxios stent in between the stomach and the alimentary limb under fluoroscopic and endoscopic ultrasound control. Biliary obstruction and jaundice caused by a malignant stricture of the afferent limb after a Roux-en-Y Whipple’s resection was treated by the insertion of a SEMS by means of the single-balloon overtube-assisted technique under fluoroscopic control. Feasibility and advantages of both techniques are discussed.
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[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Core tip: Malignant recurrence after Whipple’s pancreatico-duodenectomy is frequent and may lead to intestinal obstruction. Endoscopic palliation of the intestinal obstruction is challenging. We present 2 endoscopic techniques: endoscopic ultrasound-guided creation of a gastrojejunostomy using a fully covered lumen apposing metal stent, and insertion of a self-expandable metal stent by means of the single-balloon overtube-assisted technique under fluoroscopic control.
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INTRODUCTION
Whipple’s pancreatico-duodenectomy was named after Alan Oldfather Whipple who described the technique in 1935[1]. It still is the surgical treatment of choice to cure pancreatic head cancer[2]. Modifications of the technique have emerged, including pylorus-preserving Whipple’s resection and Roux-en-Y intestinal reconstruction[3]. After resection of the pancreatic head, both the remnant bile duct and pancreatic duct have to be anastomosed to the afferent limb (hepaticojejunostomy/pancreaticojejunostomy) and food passes through the alimentary limb. Despite the different surgical Whipple’s variations, the risk of local tumor recurrence after Whipple’s resection for pancreatic head cancer remains more than 50%[4]. Few cases present with malignant intestinal obstruction at the level of the afferent or the alimentary limb. Endoscopic palliative therapy by means of insertion of self-expandable metal stents (SEMS) is the preferred method of choice to treat malignant intestinal obstruction in case of pancreatic cancer[2]. However, endoscopic SEMS placement in the afferent or the alimentary limb remains a challenging procedure[5]. We report on the endoscopic treatment modalities of two cases of malignant intestinal obstruction due to tumor recurrence after Whipple’s pancreatico-duodenectomy.

CASE REPORT
Case 1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A 71 year-old woman was referred with symptoms of upper gastrointestinal obstruction because of local tumor recurrence at the level of the gastrojejunal anastomosis with peritoneal carcinomatosis. She underwent Whipple’s resection for pancreatic head cancer two years earlier. Initially, an uncovered enteral SEMS (Wallflex 60x22 mm, Boston Scientific) was inserted and ended up in the afferent limb, eventually obstructing the alimentary limb worsening the gastric outlet syndrome. CT scan confirmed the dilated afferent limb towards the hepaticojejunostomy, with food remnants and the empty alimentary limb underneath the stomach (Figure 1). Since the uncovered SEMS could not be removed from the afferent limb because of tumor ingrowth obstructing the entrance to the alimentary limb, we decided to create an endoscopic  gastrojejunostomy, using the HotAxios device (XLumina Axios 10 mm x 15 mm, Boston Scientific), under endoscopic ultrasound (EUS) guidance (linear-array echoendoscope GF-UCT 180, Olympus) and fluoroscopy. The HotAxios device is a cystotome catheter with a preloaded covered lumen apposing metal stent. It is developed to drain pancreatic pseudocysts with an all-in-one device[6]. Here we used it to create an endoscopic gastrojejunostomy. The empty alimentary limb was identified by transgastric EUS, accessed with a 19 gauche needle (Figure 2), and confirmed fluoroscopically by intraluminal contrast dye injection. Next, a 0.035 inch guidewire was placed (Figure 3A), allowing smooth introduction of the HotAxios stent deployment system into the alimentary limb using electrocautery. The fully covered 10 mm HotAxios lumen apposing stent was deployed under fluoroscopic and endoscopic guidance, with the distal flange in the intestinal lumen, and the proximal flange in the stomach (Figure 3B). However, upon release, it immediately migrated outside the stomach because of the distance between the alimentary limb and the stomach (Figure 3C). A fully covered metal esophageal stent (Taewoong Medical Niti, 80 mm x 22 mm) was introduced over the guidewire and deployed inside the HotAxios stent, with the proximal part protruding into the gastric lumen (Figures 3D and E).  After the procedure, the patient quickly resumed oral feeding. 
Three months later, she was readmitted for vomiting due to intragastric migration of the esophageal stent. The HotAxios stent was still in place. A fully covered Nagi stent (Taewoong Medical, 20 mm x 16 mm) was placed inside the HotAxios stent, and the patient resumed oral feeding. Seven months after the initial presentation, she died due to malignant progression of the disease.
This case illustrates the feasibility of the HotAxios system in creating an EUS-guided gastrojejunostomy to treat malignant gastric outlet syndrome. This technique has recently emerged as an alternative to surgical gastrojejunostomy  treating benign and malignant gastric outlet syndrome, with technical success rate of 92%, and 85% clinical success[7-9]. Serious adverse events of this endoscopic ultrasound technique were reported in 11,5%, and encompass gastrointestinal perforation, peritonitis and bleeding[9]. We encountered another complication. After deployment of the HotAxios lumen apposing stent to create the gastrojejunostomy, the gastric flange migrated outside the stomach without the possibility to reposition it into the stomach. Since the guidewire was still in place, we were able to save the gastrojejunostomy by inserting a second fully covered oesophageal SEMS inside the HotAxios stent.  

Case 2
A 76-year-old woman who underwent Roux-en-Y Whipple’s resection two years earlier for pancreatic head cancer, was referred because of obstructive jaundice and dilated intrahepatic bile ducts. Percutaneous transhepatic cholangiography and biliary drainage excluded an obstruction at the level of the bilioenteric anastomosis. However, afferent limb syndrome was diagnosed based on the obstruction of the afferent limb 20 cm distally from the hepaticojejunostomy with a dilated intestinal segment between the hepaticojejunostomy and the enteral stricture of the afferent limb (Figure 3F). Next, we performed a single-balloon enteroscopy (SBE) through the Roux-en-Y anastomosis into the afferent limb under fluoroscopic guidance, and reached the jejunal stenosis, with endoscopic characteristics of a malignant stricture (Figure 4). The length of the stricture was estimated by means of the injection of water soluble contrast. A 0.035 inch guidewire was inserted into the stricture under endoscopic and fluoroscopic control, and a CRE dilation balloon (8-10 mm) was inserted over the guide wire to dilate the stricture. Biopsies confirmed the intestinal recurrence of a pancreas adenocarcinoma. After a multidisciplinary oncology discussion, a non-surgical endoscopic approach was suggested. One week later, a second SBE was performed in order to place a SEMS into the malignant stricture. Again, the length of the stricture was estimated by contrast injection under fluoroscopic control (Figure 3G). A 0.035 inch stiff guidewire (VisiGlide 450 cm, Olympus) was inserted into the dilated jejunal segment proximal of the stricture. The overtube of the SBE was anchored as close as possible near the malignant stricture with the balloon inflated. Next, the enteroscope was removed under fluoroscopic guidance, leaving the guidewire and the overtube in place. An uncovered SEMS (Wallflex 60 mm x 22 mm, Boston Scientific) was inserted over the guidewire through the overtube into the stricture, located by means of the previously injected contrast (Figure 3H). The stent was deployed under fluoroscopic guidance (Figure 3I). Afterwards, the enteroscope was reintroduced through the overtube to control for the correct positioning of the SEMS. The percutaneous biliary drain was removed and the patient was discharged two days later with normal oral food intake. Gemcitabine-based chemotherapy was started.
Three months later, she presented again with obstructive jaundice and afferent limb syndrome suggestive of tumor invasion of the uncovered SEMS. A third SBE procedure was performed, confirming the diagnosis of SEMS obstruction. We used the same single-balloon overtube-assisted technique to insert a new partially covered SEMS (ComVi Enteral Colonic Stent 100 mm x 22 mm, Taewoong) inside the uncovered SEMS. No complications were encountered. Ten months after the second SEMS insertion, she died due to malignant progression of the disease.
This case emphasizes the usefulness, feasibility and reproducibility of the single-balloon overtube-assisted technique for SEMS insertion in malignant strictures of the small intestine, especially in patients with altered anatomy such as Roux-en-Y anastomosis where conventional endoscopes cannot reach. Since the currently available enteral SEMS deployment catheters cannot be used through the working channel (2.8 or 3.2 mm) of the 200 cm long enteroscope, the SEMS is introduced over a long stiff guidewire through the balloon-anchored overtube under fluoroscopic control. This balloon-assisted overtube technique enables to relieve intestinal obstruction without surgical intervention by a combined endoscopic and fluoroscopic approach [10,11].

DISCUSSION
Malignant recurrence after (modified) Whipple’s pancreatico-duodenectomy for pancreatic head adenocarcinoma remains high[4]. Sometimes, local recurrence may lead to the afferent limb syndrome (stricture of the afferent limb) or a gastric outlet-like syndrome (stricture of the alimentary limb) because of intestinal tumor infiltration. In the case of malignant intestinal obstruction following Whipple’s resection, palliative surgery is generally indicated to obtain symptom relief (resection of an intestinal segment, enterostomy or intestinal bypass)[12]. Case reports have shown that endoscopic enteral SEMS placement has become feasible, either by the creation of an EUS-guided gastrojejunostomy or by insertion of a SEMS by means of the balloon-assisted overtube technique[7-11]. We illustrated both procedures in two cases of malignant intestinal obstruction (afferent and alimentary limb obstruction) after Whipple’s resection.

COMMENTS
Case characteristics
Both patients underwent Whipple’s pancreatico-duodenectomy as a curative treatment of pancreatic head cancer. However, local tumor recurrence in the alimentary limb resulted in the gastric outlet syndrome (case 1) and local tumor recurrence in the afferent limb resulted in obstructive jaundice (case 2).

Clinical diagnosis
The patient with the gastric outlet syndrome presented with recurrent vomiting and weight loss (case 1). The patient with the afferent limb syndrome presented with fever, abdominal pain and jaundice.

Differential diagnosis	
Vomiting may be a side-effect of chemotherapy (gemcitabine) or may be caused by peptic ulcer disease (case 1). Obstructive jaundice may be the clinical sign of a postoperative stricture at the level of the hepaticojejunostomy (case 2).

Laboratory diagnosis
The patient with the gastric outlet syndrome presented a slight increase in CA19.9 tumor marker (case 1). The patient with the afferent limb syndrome presented with elevated CRP and liver function tests (case 2).

Imaging diagnosis
Abdominal CT scan of the patient with the gastric outlet syndrome suspected peritoneal carcinomatosis (case 1). MRI-MRPC of the patient with the afferent limb syndrome suspected a postoperative stenosis at the level of the hepaticojejunostomy (case 2).

Pathological diagnosis
No histological biopsies were taken during the endoscopic ultrasound (EUS)-guided gastrojejunostomy procedure to confirm local tumor recurrence (case 1). During the first single-balloon enteroscopy biopsies were taken at the level of the afferent limb stricture, confirming the presence of a well-differentiated pancreatic adenocarcinoma (case 2).

Treatment
Both patients were treated endoscopically in a palliative setting. The first patient underwent EUS-guided gastrojejunostomy followed by chemotherapy (Oxaliplatine) (case 1). The second patient underwent SEMS insertion into the afferent limb followed by chemotherapy (Gemcitabine) (case 2).

Related reports
The two endoscopic techniques presented here have been described previously under the form a case reports.

Term explanation
Whipple’s resection is the surgical curative treatment for pancreatic head cancer, with resection of the pancreatic head and the duodenum and the creation of a hepaticojejunostomy and a pancreaticojejunostomy on to the afferent jejunal limb. The afferent limb syndrome is caused by an obstruction at the level of the afferent limb after Whipple’s resection. The gastric outlet syndrome is caused by an obstruction at the level of the alimentary limb after Whipple’s resection.

Experiences and lessons
Local tumor recurrence remains high after initial curative Whipple’s pancreatico-duodenectomy for pancreatic head cancer. The clinical presentation as the gastric outlet syndrome or the afferent limb syndrome is rare. New endoscopic techniques may allow to overcome these clinical syndromes by creating an EUS-guided gastrojejunostomy or by SEMS insertion into the afferent limb.

[bookmark: OLE_LINK454][bookmark: OLE_LINK455]Peer-review
This is a well-written and illustrated overview of two endoscopic techniques for the palliation of intestinal obstruction due to local tumor recurrence after Whipple’s pancreatico-duodenectomy for pancreatic head cancer.
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Figure 1 Coronal computed tomography image of a non-covered metallic stent with peroral contrast in the dilated afferent limb in a patient with classical Whipple’s duodenopancreatectomy. Note the obstructed empty alimentary limb underneath the stomach (arrows).
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Figure 2 Linear endoscopic ultrasound image of the transgastric puncture of the obstructed alimentary limb (arrow) with a 19 gauche needle.
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Figure 3 Fluoroscopic image. A: The transgastric access of the alimentary limb using a 19 gauche needle. Correct access of the limb was confirmed after injection of contrast dye. A 0.035 inch guidewire is introduced into the alimentary limb. Note the SEMS in the afferent limb. B: The HotAxios lumen apposing stent deployment between the alimentary limb and the gastric lumen. C: The HotAxios lumen apposing stent migrating outside to stomach. The distal flange is well positioned inside the lumen of the alimentary limb. D: The fully covered oesophageal stent inside the HotAxios lumen apposing stent, creating a gastrojejunostomy. E: Fluoroscopic image confirming the creation of a gastrojejunostomy between the stomach and the alimentary limb using the combination of a HotAxios lumen opposing stent and a fully covered oesophageal stent. Water soluble contrast dye is injected through the oesophageal stent into the alimentary limb. Note the non-covered SEMS in the afferent limb. F: A percutaneous transhepatic cholangiography confirming patency of the biliary anastomosis. The malignant stricture (arrow) is located at the level of the afferent limb (afferent limb syndrome), leading to dilated intrahepatic bile ducts and a dilatation of the afferent limb. Note the presence of an old Ovesco clip in the stomach. G: The single-balloon enteroscopy up to the level of the malignant stricture in the afferent limb. Contrast injection through the working channel of the enteroscope clearly delineates the length and the malignant aspect of the stricture (arrow). H: The peroral insertion technique of the self-expandable metal stent over a stiff guidewire through the overtube with the balloon inflated to protect the intestinal mucosa and to guide the catheter up to the malignant stricture of the afferent limb. I: The self-expandable metal stent in place in the malignant stricture of the afferent limb. Both the stiff guidewire and the overtube of the single-balloon enteroscope were used to insert the SEMS. SEMS: Self-expandable metal stent.
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Figure 4 Endoscopic image of the malignant stricture of the afferent limb. Note the guidewire inserted into the stricture.
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