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Abstract
BACKGROUND
Endoscopic papillectomy (EP) is rapidly replacing traditional surgical resection and is a less invasive procedure for the treatment of duodenal papillary tumors in selected patients. With the expansion of indications, concerns regarding EP include not only technical difficulties, but also the risk of complications, especially delayed duodenal perforation. Delayed perforation after EP is a rare but fatal complication. Exposure of the artificial ulcer to bile and pancreatic juice is considered to be one of the causes of delayed perforation after EP. Draining bile and pancreatic juice away from the wound may help to prevent delayed perforation.

AIM
To evaluate the feasibility and safety of placing overlength biliary and pancreatic stents after EP.

METHODS
This is a single-center, retrospective study. Five patients with exposure or injury of the muscularis propria after EP were included. A 7-Fr overlength biliary stent and a 7-Fr overlength pancreatic stent, modified by an endoscopic nasobiliary drainage tube, were placed in the common bile duct and pancreatic duct, respectively, and the bile and pancreatic juice were drained to the proximal jejunum.

RESULTS
EP and overlength stents placement were technically feasible in all five patients (63 ± 12 years), with an average operative time of 63.0 ± 5.6 min. Of the five lesions (median size 20 mm, range 15-35 mm), four achieved en bloc excision and curative resection. The final histopathological diagnoses of the endoscopic specimen were one tubular adenoma with high-grade dysplasia (HGD), one tubulovillous adenoma with low-grade dysplasia, one hamartomatous polyp with HGD, one poorly differentiated adenocarcinoma and one atypical juvenile polyposis with tubulovillous adenoma, HGD and field cancerization invading the muscularis mucosae and submucosa. There were no stent-related complications, but one papillectomy-related complication (mild acute pancreatitis) occurred without any episodes of bleeding, perforation, cholangitis or late-onset duct stenosis.

CONCLUSION
For patients with exposure or injury of the muscularis propria after EP, the placement of overlength biliary and pancreatic stents is a feasible and useful technique to prevent delayed perforation.
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Core Tip: This is a retrospective study to evaluate the feasibility and safety of overlength biliary and pancreatic stents placement after endoscopic papillectomy (EP). Five patients with exposure or injury of the muscularis propria after EP were included. Overlength biliary and pancreatic stents, modified by an endoscopic nasobiliary drainage tube, were placed, respectively, and the bile and pancreatic juice were drained to the proximal jejunum. EP and stents placement were technically feasible in all patients. One papillectomy-related complication (mild acute pancreatitis) occurred without any episodes of bleeding, perforation or cholangitis. Overlength biliary and pancreatic stents placement after EP is a feasible and useful technique to prevent delayed perforation. 

INTRODUCTION
Tumors arising in the major duodenal papilla can potentially undergo the adenoma-carcinoma sequence, making complete removal mandatory for curative therapy[1]. Endoscopic papillectomy (EP) is rapidly replacing classic surgical resection and is a less invasive procedure. However, the indications for endoscopic resection have not been fully established, and endoscopic procedures have not been standardized. The main criteria for EP include a lesion size less than 5 cm, absence of extension into the biliary or pancreatic duct, no invasion of the duodenal muscular layer and no evidence of malignancy in endoscopic findings, such as ulceration, spontaneous bleeding and friability[2,3]. However, with the application of techniques such as endoscopic piecemeal resection and balloon traction, as well as the popularization of the concept of “total biopsy”, more and more larger size, intraductal growth, suspected malignant and even early cancerous papillary lesions can be treated by EP[4-8].
With the expansion of indications, concerns regarding EP include not only technical difficulties, but also the risk of complications, especially delayed duodenal perforation. The duodenal wall is very thin, and the artificial ulcer after resection is exposed to bile and pancreatic juice, which are two important causes of delayed perforation[9,10]. Although the application of an endoscopic nasobiliary drainage (ENBD) tube can achieve external drainage of bile, it is generally unable to drain pancreatic juice at the same time and may cause stress due to naso-pharyngeal discomfort; while the conventional plastic biliary and pancreatic stents cannot drain bile and pancreatic juice to a distance because of its limited length. These drainage methods cannot avoid the erosion of the artificial ulcer by bile and/or pancreatic juice after EP. Therefore, we modified the ENBD tubes into overlength biliary and pancreatic stents to drain bile and pancreatic juice to the proximal jejunum. The aim of the present study was to determine the feasibility and the safety of this method.

MATERIALS AND METHODS
Patients
Between February 2019 and December 2019, a total of twenty patients with major duodenal papilla lesions were admitted to The Third Department of Gastroenterology and Hepatology, The First Medical Center of Chinese PLA General Hospital. Prior to EP, the platelet count, prothrombin time, and partial thromboplastin time were measured to confirm the absence of a tendency toward bleeding. A computed tomography (CT) scan or magnetic resonance imaging (MRI) of the abdomen was performed to determine whether there was local spread or distant metastasis, and magnetic resonance cholangiopancreatography (MRCP), endoscopic ultrasonography (EUS) and/or intraductal ultrasonography (IDUS) were performed to evaluate the anatomy of the pancreatic duct and intraductal extension of the tumor. Endoscopic biopsy was used to evaluate the histopathology of papillary lesions.
Indications for EP were as follows: Lesions of the duodenal major papilla (regardless of size and laterally spreading component) without muscularis propria invasion, with less than 1 cm intraductal growth and no evidence of invasive malignancy on endoscopic assessment (i.e., ulceration, spontaneous bleeding, hard consistency and friability)[2-8]. After EP, patients with exposure or injury of the muscularis propria were included for overlength biliary and pancreatic stents placement. Exposure or injury of the muscularis propria after EP was defined as obvious exposure or even damage of muscle fibrous tissue found in the wound on endoscopic assessment.
Of the twenty patients, five had advanced duodenal papillary carcinoma and were unsuitable for endoscopic resection, and ten cases (Supplementary Figure 1) had no obvious exposure or injury of the muscularis propria after EP (then designated for conventional plastic biliary and/or pancreatic stents placement), were excluded. Finally, only five patients (Supplementary Figure 2) with exposure or injury of the muscularis propria after EP were selected for overlength biliary and pancreatic stents placement. All patients gave informed consent rto the procedure and were aware of the option of surgical treatment. The study was approved by the institutional review board of the Chinese PLA General Hospital.

Methods
EP was performed by Dr. Li W, who has more than twenty years of experience in interventional endoscopy. The procedure was detailed in our previous report[3]. Briefly, the patients were placed in the prone position, intravenously sedated with midazolam and/or propofol, and monitored by pulse oximetry. Prophylactic antibiotics were given to all patients, and all papillectomies were performed with patients under intravenous anesthesia. The duodenoscope (TJF-240/TJF-260V; Olympus, Tokyo, Japan) was advanced to the descending portion of the duodenum, and the morphology of the duodenal papilla was carefully inspected. Before resection, submucosal injection was not generally performed, except in lesions involving the duodenal wall. A snare device (SD-7P-1/SD-221L-25; Olympus, Tokyo, Japan) was inserted via the endoscopic biopsy port, and then, the endoscopist adjusted the snare to grasp the lesion, which was then excised using standard electrocautery (Figure 1A and C). In order to achieve radical resection, we expanded the depth and breadth of resection in EP. Lesions that could not be resected en bloc were resected in a piecemeal fashion, and any suspicious residual tissue after resection was removed by argon plasma coagulation or a polypectomy multipolar probe. When a large mucosal defect (length ≥ 2 cm) was noted after EP, endoscopic closure was performed at the anal side of cutting using endoscopic hemoclips. A basket or grasper was used to extract the resected specimens. All resected specimens were immediately retrieved and submitted for histological analysis by serial sectioning.
After EP, in all five patients with exposure or injury of the muscularis propria, a 7-Fr overlength biliary stent and a 7-Fr overlength pancreatic stent, modified by ENBD tubes (ENBD-7-NAG-C; COOK, Ireland), were placed in the common bile duct and in the pancreatic duct. The overlength bile duct or pancreatic duct stent was divided into two parts: The duct segment and the intestinal segment, in which the length of the duct segment was the measured length of the common bile duct or the main pancreatic duct, while the intestinal segment length was extended by about 20 cm on the basis of the length of the duct segment to ensure that the distal end of the stent reached the jejunum (Figure 1D and E). The biliary and pancreatic stents were typically removed during the first follow-up visit at three months.
Complications were divided into early (acute pancreatitis, bleeding, and perforation) and late (post-EP stenosis) complications. Any bleeding during the procedure was immediately controlled with a local injection of 1:10000 epinephrine, hot-biopsy forceps (Coagrasper; Olympus) and/or hemoclips (Olympus), and was not considered a bleeding complication. Only clinically evident bleeding such as hematemesis or hematochezia with a progressive decrease in hemoglobin that occurred after completion of the procedure was regarded as a complication. Post-EP pancreatitis was defined as a threefold increase in pancreatic enzymes with abdominal pain[11]. Upper abdominal CT scan was routinely performed in all cases after EP. Delayed perforation was defined as the presence of a transmural defect by emergency gastroscopy or radiographic evidence of free retroperitoneal or intraperitoneal air by CT scan.
The definitions of complete resection, endoscopic success, and recurrence were described in our previous study[3]: Complete resection of ampullary adenomas was confirmed when no residual tissue was found at the 3-mo follow-up endoscopy and endoscopic forceps biopsy; endoscopic success was defined as complete resection of the lesion without residual tumor tissue and when no recurrence was evident at the 6-mo follow-up after EP; recurrence was defined as discovery of a lesion after the most recent negative surveillance endoscopy or endoscopic biopsy. The need for surgical resection after EP was regarded as endoscopic failure.
Follow-up endoscopy with biopsy was then performed after 3 and 6 mo. If the biopsy results showed no tumor remnants or the absence of possible recurrence, annual endoscopic follow-up examinations were recommended. Successful resection of the tumor, successful stent placement, operative time, early complications, late complications and tumor recurrence, were evaluated. Normally distributed continuous variables, non-normally distributed variables and dichotomous variables were presented as mean (± SD), median (range) or simple proportions, respectively.

RESULTS
Baseline characteristics
The five patients included were men, with a mean age of 63 ± 12 years. Three of these patients were asymptomatic at diagnosis and two presented with abdominal pain. The median size of the tumors was 20 mm (range 15-35 mm). Pre-operative EUS and/or IDUS showed extension of the biliary duct in one case (Figure 1B), absence of any extension of the pancreatic duct in all cases, a tumor confined to the mucosal layer in three cases and a tumor invading the submucosa in two cases; none of these patients were found to be positive for intra-abdominal neoplastic nodes. Preoperative histology was available in all five cases, and showed adenomatoid hyperplasia in two cases, tubular adenoma with adenomatoid hyperplasia in one case, tubular adenoma in one case, and inflammation with high-grade dysplasia (HGD) and suspected field cancerization in one case (Table 1).

Technical results
An EP was technically feasible in all five patients. Submucosal injection was performed in one of the five cases. En bloc resection was achieved in four cases, piecemeal resection in one case, and exposure or injury of the muscularis propria was observed in all five cases. After EP, overlength biliary and pancreatic stents were placed. The length of overlength biliary stents varied from 35 cm to 38 cm, and the length of the duct segment was 13 cm to 14 cm. The total length of the pancreatic stents varied from 30 cm to 35 cm, and the duct segment was 11 cm to 12 cm. The average operative time was 63.0 ± 5.6 min (Table 2).

Complications
One patient developed mild pancreatitis which resolved with conservative management. No bleeding, perforation, cholangitis or late-onset duct stenosis occurred. There was no procedure-related mortality.

Histopathological assessment and additional therapy
Of the five lesions, four were completely resected with tumor-free lateral and basal margins. The final histopathological diagnoses of the endoscopic specimens were: One tubular adenoma, one tubulovillous adenoma, one hamartomatous polyp, one adenocarcinoma and one atypical juvenile polyposis with tubulovillous adenoma (Table 3). Compared with biopsy pathology, the final pathological diagnosis was underestimated in four of the five cases. Among the three cases of adenomas, two cases were associated with HGD, and one case with low-grade dysplasia (LGD) and the depth of invasion was confined to the mucosa. In the case of atypical juvenile polyposis with tubulovillous adenoma, HGD and field cancerization were found. The depth of cancerization invaded muscularis mucosae and submucosa, but the surgical margin was negative. The case of adenocarcinoma was pathologically proved to be poorly differentiated, and the depth of invasion reached the proper muscle layer of the intestinal wall, close to the incisal margin, which was significantly degenerated by electrocoagulation. After a multidisciplinary collaborative case discussion, the patient was referred for surgery and underwent pylorus-preserving pancreaticoduodenectomy. The patients have been followed-up for a mean of 12 mo (range 8-17 mo), and no recurrences have been observed.

DISCUSSION
Endoscopic polypectomy is considered a first-line approach for selected patients with papillary tumors. Compared with traditional surgery, this technique has obvious advantages in procedure-related risks, but it is technically challenging and is not without complications[12,13].
With the application of endoscopic piecemeal resection, balloon traction, and the popularization of the concept of “total biopsy”, more and more lesions previously considered unsuitable for endoscopic resection, such as larger size, intraductal growth, suspected malignant and even early cancerous papillary lesions, can now be treated with EP[4-8,14]. In the present study, the median size of the tumors was 20 mm and final histopathological diagnoses of the endoscopic specimens were one tubular adenoma with HGD, one tubulovillous adenoma with LGD, one hamartomatous polyp with HGD, one poorly differentiated adenocarcinoma and one atypical juvenile polyposis with tubulovillous adenoma, HGD and field cancerization invading the muscularis mucosae and submucosa. EP was technically feasible in all five patients, and four of these patients achieved en bloc excision and curative resection. However, compared with final pathology, the biopsy pathological diagnosis was underestimated in three of five cases and only two cases showed consistency in our study. It was reported that the diagnostic accuracy of ampullary biopsy is 40% to 88%, while 16% to 60% cancer patients are false negative, indicating that an accurate differentiation of malignant from benign lesions cannot be based solely on a pathologic report of biopsy specimens[3,15-19].
The complexity of the EP technique and the expansion of the depth and breadth of resection may lead to an increase in the incidence of complications. EP-related complications were divided into early (acute pancreatitis, bleeding, and perforation) and late (post-ESP stenosis) complications. The overall reported incidence of complications was between 8% and 36%, and the most common complications are acute pancreatitis (5%-15%) and bleeding (2%-20%)[3,4,20,21]. Most episodes of acute pancreatitis are mild and can be relieved by conservative treatment, while most episodes of bleeding can be controlled by conservative treatment and endoscopic hemostasis. The rate of pancreatic and/or biliary ductal stenosis varies between 0%-8%[22], and can be treated by sphincterotomy, stent placement, and balloon dilation. Delayed perforation after EP is a rare (0%-4%)[22] but fatal complication. Due to the anatomical location, duodenal surgery as a treatment for delayed perforation is highly invasive, while non-surgical treatment may require long-term conservative treatment for recovery[23]. Therefore, it is important to prevent the occurrence of delayed perforation after EP.
Tumor location distal to the main papilla is significantly associated with the occurrence of delayed perforation[23]. After endoscopic resection, the duodenal ulcer is directly exposed to bile and pancreatic juice, resulting in delayed perforation[9,10]. Therefore, shunting bile and pancreatic juice to avoid erosion of the duodenal ulcer may be an option to prevent delayed perforation after EP. In this study, we placed overlength biliary and pancreatic stents in five patients with propria muscle exposure or injury after EP to drain bile and pancreatic juice to the proximal jejunum. In order to achieve radical resection, we expanded the depth and breadth of resection in EP, which may be an important cause of exposure or injury of muscularis propria. Endoscopic overlength stents placement was technically feasible in all five patients. There were no stent-related complications, but one papillectomy-related complication (mild acute pancreatitis) occurred without any episodes of bleeding, perforation, cholangitis or late-onset duct stenosis during a mean follow-up period of 12 mo.
Overlength stents placement can also play a role in the adjuvant treatment of delayed perforation after EP. In June 2018 and October 2018, we treated two cases of major duodenal papilla lesions by EP: One case with a 7 cm villous tubular adenoma with HGD (Figure 2A, B and D), and one case with a 3 cm tubular adenoma. The former lesion was resected in a piecemeal fashion, and the latter was resected in an en bloc manner. Although complete resection was achieved in both cases, there was obvious exposure of the muscularis propria (Figure 2C). We placed conventional biliary and pancreatic plastic stents immediately and covered the exposed wound with fibrin glue after EP (Figure 2E), but delayed perforation still occurred (Figure 2F). Following the occurrence of delayed perforation, we used a multidisciplinary approach involving a combination of multiple clipping, fibrin glue filling, percutaneous drainage, and endoscopic nasobiliary duct drainage tube insertion (which was removed a few days later, due to nasopharyngeal discomfort). However, the perforation failed to heal for a long time. Later, we used an overlength biliary stent to drain bile to the proximal jejunum (Figure 2G), which finally promoted rapid healing of the perforation (Figure 2H).
The main limitations of this study were the small number of cases and the relatively short follow-up time, which limits the statistical power of the results. Given these limitations, the current results on the association between the incidence of complications and EP should be interpreted with caution. In addition, this is a retrospective, uncontrolled, single-center study, involving only cases of muscularis propria exposure or injury, so there is an obvious selection bias. Nonetheless, this is the first study to focus on endoscopic pancreaticobiliary drainage with overlength stents to prevent delayed perforation after EP.

CONCLUSION
In conclusion, overlength biliary and pancreatic stents placement after EP is a feasible, useful and safe technique to prevent papillectomy-related complications, especially delayed perforation. However, due to the unique physiology and intricate anatomy of the duodenum, it is often difficult and time-consuming to place the distal ends of overlength stents into the jejunum. In view of the limited number of patients and the short-term follow-up, a further larger study with long-term follow-up is needed to confirm our results.

ARTICLE HIGHLIGHTS
Research background
Endoscopic papillectomy (EP) is rapidly replacing traditional surgical resection and is a less invasive procedure for the treatment of duodenal papillary tumors in selected patients. With the expansion of indications, concerns regarding EP include not only technical difficulties, but also the risk of complications, especially delayed duodenal perforation. Delayed perforation after EP is a rare but fatal complication. Exposure of the artificial ulcer to bile and pancreatic juice is considered to be one of the causes of delayed perforation after EP. To drain bile and pancreatic juice away from the wound may help to prevent delayed perforation.

Research motivation
Although the application of an endoscopic nasobiliary drainage (ENBD) tube can achieve external drainage of bile, it is generally unable to drain pancreatic juice at the same time and may cause stress due to nasopharyngeal discomfort; while the conventional plastic biliary and pancreatic stents cannot drain bile and pancreatic juice a distance due to their limited length. These drainage methods cannot avoid erosion of the artificial ulcer by bile and/or pancreatic juice after EP. Therefore, we modified the ENBD tubes into overlength biliary and pancreatic stents to drain bile and pancreatic juice to the proximal jejunum.

Research objectives
The present study aimed to evaluate the feasibility and safety of placing overlength biliary and pancreatic stents after EP.

Research methods
This is a single-center, retrospective study. Five patients with exposure or injury of the muscularis propria after EP were included. A 7-Fr overlength biliary stent and a 7-Fr overlength pancreatic stent, modified by an ENBD tube, were placed in the common bile duct and pancreatic duct, respectively, and the bile and pancreatic juice were drained to the proximal jejunum.

Research results
EP and overlength stents placement were technically feasible in all five patients, with an average operative time of 63.0 ± 5.6 min. Of the five lesions (median size 20 mm, range 15-35 mm), en bloc excision and curative resection was achieved in four. The final histopathological diagnoses of the endoscopic specimens were one tubular adenoma with high-grade dysplasia (HGD), one tubulovillous adenoma with low-grade dysplasia, one hamartomatous polyp with HGD, one poorly differentiated adenocarcinoma and one atypical juvenile polyposis with tubulovillous adenoma, HGD and field cancerization invading the muscularis mucosae and submucosa. There were no stent-related complications, but one papillectomy-related complication (mild acute pancreatitis) occurred without any episodes of bleeding, perforation, cholangitis or late-onset duct stenosis.

Research conclusions
For patients with exposure or injury of muscularis propria after EP, the placement of overlength biliary and pancreatic stents is a feasible and useful technique to prevent delayed perforation.

Research perspectives
Overlength biliary and pancreatic stents placement after EP is a feasible, useful and safe technique to prevent papillectomy-related complications, especially delayed perforation, in selected patients by experienced endoscopists. However, due to the unique physiology and intricate anatomy of the duodenum, it is often difficult and time-consuming to place the distal ends of overlength stents into the jejunum. In view of the limited number of patients and the short-term follow-up, a further larger prospective study with long-term follow-up is needed to confirm our results.
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Figure Legends
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Figure 1 Endoscopic views of endoscopic papillectomy and overlength biliary and pancreatic stents placement in a patient with a lesion of the major duodenal papilla. A: Duodenoscopy revealed an exposed-type tumor mass at the major duodenal papilla; B: Endoscopic ultrasonography showed an oval-shaped hyperechoic mass on the distal common bile duct; C: Injury of the muscularis propria was observed after endoscopic papillectomy; D: Overlength biliary and pancreatic stents were placed and adjusted; E: X-ray image showed overlength stents were successfully placed; F: A scar on the major duodenal papilla three months later.
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Figure 2 Overlength biliary stent in the treatment of delayed perforation after endoscopic papillectomy. A: Duodenoscopy revealed a huge tumor mass at the major duodenal papilla (distant range view); B: Close range view of the huge tumor mass at the major duodenal papilla; C: Injury of the muscularis propria was observed after endoscopic papillectomy; D: View of the resected specimen, showing that it was 7 cm in length; E: Conventional biliary and pancreatic plastic stents were placed after endoscopic papillectomy; F: Delayed perforation and purulent necrosis were found; G: An overlength biliary stent was placed to drain bile to the proximal jejunum (shown in the red line); H: A scar on the major duodenal papilla three months later.

Table 1 Baseline characteristics of the patients with lesions of the major duodenal papilla
	No.
	Sex
	Age (yr)
	Clinical presentation
	Tumor size (mm)
	Biopsy pathology

	1
	M
	58
	Abdominal pain
	20
	Adenomatoid hyperplasia/LGD

	2
	M
	73
	Incidental finding
	17
	Tubular adenoma

	3
	M
	50
	Incidental finding
	25
	Adenomatoid hyperplasia

	4
	M
	79
	Incidental finding
	35
	Inflammation/adenomatoid hyperplasia

	5
	M
	56
	Abdominal pain
	15
	Inflammation/HGD/field cancerization?


M: Male; LGD: Low-grade dysplasia; HGD: High-grade dysplasia.

Table 2 Technical results and patient outcomes
	[bookmark: _Hlk52049173]No.
	Tumor size (mm)
	Submucosal injection
	Resection
	Length of biliary stent T/D (mm)
	Length of pancreatic stents T/D (mm)
	Operative time (min)
	Complications
	Additional therapy
	Recurrence
	Follow-up (mo)

	1
	20
	(-)
	En bloc
	35/13
	35/12
	61
	(-)
	PPPD
	(-)
	17

	2
	17
	(+)
	En bloc
	35/13
	35/12
	55
	Panceatitis
	(-)
	(-)
	15

	3
	25
	(-)
	Two Pieces
	35/14
	35/12
	63
	(-)
	(-)
	(-)
	12

	4
	35
	(-)
	En bloc
	33/14
	30/12
	70
	(-)
	(-)
	(-)
	8

	5
	15
	(-)
	En bloc
	38/13
	35/11
	66
	(-)
	(-)
	(-)
	8


T/D: Total length/length of the duct segment; PPPD: Pylorus-preserving pancreaticoduodenectomy; M: Male; LGD: Low-grade dysplasia; HGD: High-grade dysplasia.

Table 3 Biopsy diagnosis and final diagnosis
	[bookmark: _Hlk52049826]No.
	Tumor size (mm)
	Biopsy pathology
	Final pathology
	Depth of invasion
	Mucosal margin
	Deep margin

	1
	20
	Adenomatoid hyperplasia/LGD
	Adenocarcinoma/poorly differentiated
	Muscularis propria
	(-)
	(+)

	2
	17
	Tubular adenoma
	Tubular adenoma/HGD
	Mucosa
	(-)
	(-)

	3
	25
	Adenomatoid hyperplasia
	Tubulovillous adenoma/HGD
	Mucosa
	(-)
	(-)

	4
	35
	Inflammation/adenomatoid hyperplasia
	Hamartomatous polyp/LGD
	Mucosa
	(-)
	(-)

	5
	15
	Inflammation/HGD/field cancerization?
	Atypical juvenile polyposis/tubulovillous adenoma/HGD/field cancerization
	Muscularis mucosae and submucosa
	(-)
	(-)


LGD: Low-grade dysplasia; HGD: High-grade dysplasia.
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