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Abstract
AIM
To investigate predictors of perforation after endoscopic resection (ER) for duodenal neoplasms without a papillary portion.

METHODS
This was a single-center, retrospective, cohort study conducted between April 2003 and September 2014. A total of 54 patients (59 lesions) underwent endoscopic mucosal resection (EMR) (n = 36) and endoscopic submucosal dissection (ESD) (n = 23). Clinical features, outcomes, and predictors of perforation were investigated.

RESULTS
Cases of perforation occurred in eight (13%) patients (95%CI, 4.7%-22.6%). Three ESD cases required surgical management because they could not be repaired by clipping. Delayed perforation occurred in two ESD cases, which required surgical management, although both patients underwent prophylactic clipping. All patients with perforation who required surgery had no postoperative complications and were discharged at an average of 13.2 d after ER. Perforation after ER showed a significant association with a tumor size greater than 20 mm (P = 0.014) and ESD (P = 0.047).

CONCLUSION
ESD for duodenal neoplasms exceeding 20 mm may be associated with perforation. ESD alone is not recommended for tumor treatment, and LECS should be considered as an alternative.
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INTRODUCTION
Duodenal neoplasms are relatively rare. Duodenal polyps are found in 4.6% of patients referred for upper gastrointestinal endoscopy[1]. Primary adenocarcinoma represents only 0.3% of all gastrointestinal tract malignant neoplasms and 0.042% of all malignant neoplasms[2,3]. Therefore, no method of treatment for duodenal neoplasm has been established.
Recently, cases of endoscopic resection (ER) for superficial neoplasms without lymph node metastasis have been reported. ER may consist of endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD). However, ER for the duodenum poses a high risk of complications, such as perforation and bleeding, due to the abundant blood vessels in the submucosal layer and thin muscle layer in the duodenum compared with the digestive tract[4-7]. Specifically, patients with perforation undergo emergency surgery in many cases, and it is unclear whether ER for duodenal tumors is appropriate. In this study, we investigated predictors of perforation after ER for duodenal neoplasms without a papillary portion.

MATERIALS AND METHODS
Patients
This study included a retrospective cohort of 54 patients (59 lesions) in a single center. We recruited patients (without ampullary duodenal tumors) who underwent ER between April 2003 and September 2014. These patients were preoperatively diagnosed with adenoma or carcinoma. The database included patient information such as age, sex, treatment method (EMR or ESD), prophylactic clipping (applied or not applied), and tumor characteristics, such as histological diagnosis (adenoma or carcinoma), location (pre-ampulla or post-ampulla), size (under 20 mm or over 20 mm), and type (polyploid or superficial). When a patient had multiple duodenal tumors, the largest lesion was included in the analysis. When a tumor was located on the opposite side of the ampulla of Vater, it was categorized as post-ampullary. The clinical features of complications (perforation and bleeding) were investigated.
All patients were provided with an explanation of the endoscopic procedure before treatment, including complications and alternative treatments, and written informed consent was obtained.

Endoscopic resection techniques
The endoscopic procedures were performed with a single-channel endoscope (GIF-Q240 or PCF-PQ260I; Olympus Medical Systems Co., Tokyo, Japan) or a double balloon sigmoid scope (EN-450T5/W; FUJIFILM, Saitama, Japan) by carbon dioxide insufflation. The choice of scope depended on the distance to the lesion. 
EMR was indicated for small lesions (< 2 cm) or pedunculated lesions. Simple snarectomy was performed after the injection of 0.4% sodium hyaluronate solution (MucoUp; Johnson and Johnson K.K., Tokyo, Japan). The mucosa bulge is important for the safety of the procedure because the wall of the duodenum is thin. ESD was indicated for large lesions (≥ 2 cm) or flattened lesions. The ESD technique consisted of three steps. First, the periphery of the lesion was marked using a 2.0 mm short needle knife with a water jet function (Flush Knife, DK2618JB20; FUJIFILM, Saitama, Japan). Second, MucoUp was injected into the submucosal layer to achieve sufficient mucosal elevation. Third, a mucosal incision and submucosal dissection were performed with the Flush Knife (1.5 mm or 2.0 mm). Additionally, an electric current generator (VIO300D; ERBE, Tübingen, Germany) was used for hemostasis. 
Prophylactic clipping using hemoclips (HX-110/610; Olympus Medical Systems Co.) was performed for mucosal defects after ER. 

Definition of complications
Intraoperative perforation was defined as the ability to recognize a perforation during the EMR and ESD procedures. Delayed perforation was defined as the inability to recognize a perforation during the EMR and ESD procedures, and patients had no symptoms immediately after the procedures. The diagnosis of delayed perforation is reached using enhanced computed tomography, which was performed for patients with abdominal pain. Delayed bleeding was defined in patients who required endoscopic hemostasis or transfusion after ER.

Statistical analysis
All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS 22.0 Package; SPSS Inc., Chicago, Illinois, United States). Continuous variables are expressed as the means and were analyzed using Student’s t-test. Categorical variables were compared with a χ2 test or, if appropriate, Fisher’s exact test. A probability value of < 5% was considered statistically significant.

RESULTS
From April 2003 to September 2014, a total of 62 patients underwent ER of duodenal tumors. Four patients with gastrointestinal stromal tumors, two patients with carcinoid tumors, one patient with an ectopic gastric mucosa, and one patient with a hyperplasia were excluded. As a result, 59 lesions due to adenoma and carcinoma in 54 patients were analyzed (Figure 1).
The 59 patients included 39 males and 20 females. The average age was 61.3 years (range 40-79 years). Thirty-eight lesions were diagnosed as adenoma, and 21 lesions were diagnosed as carcinoma. The accuracy of the preoperative biopsy was 95% (57/60). Thirty-five lesions were located in the pre-ampulla region, and 24 were in the post-ampulla region. The average tumor size was 14.2 mm (95%CI: 11.6-16.8 mm). The macroscopic types included 12 polyploid and 47 superficial tumors. All lesions were confined to the mucosa. Thirty-six lesions underwent EMR. Piecemeal EMR was performed in four cases, and en-bloc EMR was performed in 32 cases. Among the piecemeal EMR cases, three lesions were removed in two pieces, and one lesion was removed in four pieces. Twenty-three lesions underwent ESD. Prophylactic clipping was applied in 46 patients.
Complications included perforation and bleeding (Table 1). Perforation occurred in eight (13%) patients (95%CI: 4.7%-22.6%). Four lesions were located in the pre-ampulla region, and four lesions were in the post-ampulla region. The mean size of lesion in cases of perforation was 22.9 mm, which was significantly different from the non-perforated group (P < 0.05). Intraoperative perforation occurred in six cases, and delayed perforation occurred two cases. Intraoperative perforation occurred in two EMR cases and ESD four cases. All cases in the EMR group and one case in the ESD group underwent conservative management after clipping. Three ESD cases required surgical management because they could not be repaired by clipping. Delayed perforation occurred in two ESD cases, and these patients required surgical management, even though both patients received prophylactic clipping. Perforation after ER was significantly associated with tumor size greater than 20 mm and ESD (Table 2). Bleeding occurred in two (3.4%) cases. One required endoscopic hemostasis, and the other patient received a transfusion after ER.
For the surgical procedures, three cases consisted of suturing and covering with omentum. Two patients underwent Billroth I anastomosis after pyloric ring resection and partial duodenum resection. No patients with perforation who required surgery had postoperative complications. The patients were discharged at an average of 13.2 days after ER.

DISCUSSION
The reported incidence of malignant degeneration of duodenal tubulovillous polyps ranges from 35% to 85%, and accurately differentiating cancer from adenoma is difficult based on biopsy findings alone[8]. Even if the histopathological examination of a biopsy specimen reveals an adenoma, it is possible to diagnose an adenoma as carcinoma after ER. In our study, the accuracy of preoperative biopsy was 95% (57/60). An ER should be performed if no metastasis is present in the lymph nodes and distant organs; however, an adenoma in the duodenum presents the possibility of carcinoma. Nagatani et al[9] reported that the incidence of lymph node metastasis was 0% in cases of intramucosal cancer and 5% in cases of submucosal cancer. Shinoda et al[10] reported no cases of lymph node metastasis among 273 cases of early duodenal cancer. Therefore, an early duodenal neoplasm can be treated by ER, unless lymph node metastasis is revealed. 
Some reports address ER for duodenal tumors, but none address standard therapy. The surgical methods include piecemeal EMR, en-bloc EMR, and ESD. Piecemeal EMR is possible in most tumors that exceed 20 mm, but commonly results in recurrence[11,12]. En-bloc EMR can be performed for tumors exceeding 10 mm, although the resection margins may be histologically positive[8]. Additionally, lesions larger than 20 mm cannot be safely removed en-bloc and closed by any currently available method[4,6,13]. Therefore, EMR is not an ideal treatment for duodenal neoplasms larger than 20 mm. ESD can be performed for tumors exceeding 20 mm and achieves higher rates of en-bloc and curative resection than EMR[5]. In one study, the negative margin rate was 100% for the lateral resection margin in ESD[8]. However, ESD is associated with a higher rate of complications, such as perforation and bleeding, than EMR[5]. Jung et al[14] reported that the perforation rates after ESD were very high (35.7%). For example, perforation rates associated with gastric ESD have been reported to be between 1.2% and 8.7%. Inoue et al[7] reported that the incidence of delayed perforation was significantly associated with post-ampullary tumor location and resection method (both piecemeal EMR and ESD). In our study, ER of tumors exceeding 20 mm and ESD presented a high risk of perforation. We examined EMR and ESD because piecemeal EMR was only performed in four cases, and therefore the statistical power was insufficient. Additionally, the results were not significantly different according to the tumor location. 
As described earlier, ER of a duodenal tumor tends to cause complications (especially perforation), and appropriate treatments for perforation are lacking. Abundant blood vessels in the submucosal layer and a thin muscle layer in the duodenum are thought to be related to a high risk of complications. In addition, exposure of the duodenal wall to pancreatic juice and bile may increase the risk of delayed perforation[5]. Taku et al[15] reported that conservative treatment is possible when patients with perforation are stable. Krishna et al[16] reported that if perforation is suspected, abdominal CT should be performed to evaluate the indication for surgery. We have suggested that patients could be evaluated immediately by abdominal CT and receive emergency surgery, if necessary, when abdominal pain or high fever is present.
Prophylactic clipping is not sufficient to prevent perforation after ESD. Recently, a new device (the over-the-scope clip) has been developed for the prevention of perforation after ER, but this method requires further evaluation[17]. We suggest that laparoscopic and endoscopic cooperative surgery (LECS) should be the therapeutic strategy for tumors exceeding 20 mm.
Toyonaga et al[18] reported the use of an endolinear stapler for wedge resection. However, it is not possible to appropriately resect tumors of the posterior duodenum using this method (i.e., resection with an inappropriate margin or unnecessary resection of the duodenal wall)[18,19]. Sato et al[20] reported LECS of a duodenal carcinoid tumor. Recently, others have reported laparoscopic local excision of a tumor followed by closure of the defect using a hand-sewn technique[21-25]. We performed endoscopic total layer resection or ESD of a duodenal tumor followed by this procedure in three cases. All patients had no complications and were discharged in approximately one week. More cases should be evaluated in the future because the sample size of duodenal neoplasms was relatively small.
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Figure 1 Flow diagram of patients with duodenal neoplasms treated by endoscopic resection.
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Table 1 Clinical features and outcomes of patients with complications
	Case
	Age
(yr)
	Sex
	Method
	Complication
	Clipping
	Treatment
	Hospital stay after ER (d)
	Tumor characteristics

	
	
	
	
	
	
	
	
	Location
	Size (mm)
	Type

	1
	65
	M
	EMR
	IP
	Possible
	Conservative
	7
	Post-ampulla
	17
	Is

	2
	60
	M
	EMR
	IP
	Possible
	Conservative
	6
	Post-ampulla
	9
	IIa

	3
	55
	M
	ESD
	DP
	Possible
	Surgical
	12
	Post-ampulla
	24
	IIa

	4
	60
	M
	ESD
	Bleeding
	Possible
	Transfusion
	9
	Pre-ampulla
	20
	IIa

	5
	67
	M
	EMR
	Bleeding
	Possible
	Hemostasis
	11
	Pre-ampulla
	55
	Isp

	6
	40
	M
	ESD
	IP
	Impossible
	Surgical
	11
	Pre-ampulla
	20
	IIa

	7
	55
	M
	ESD
	IP
	Possible
	Conservative
	18
	Pre-ampulla
	13
	IIc

	8
	64
	M
	ESD
	IP
	Impossible
	Surgical
	16
	Post-ampulla
	30
	IIa

	9
	44
	F
	ESD
	IP
	Impossible
	Surgical
	12
	Pre-ampulla
	30
	IIa

	10
	72
	F
	ESD
	DP
	Possible
	Surgical
	15
	Pre-ampulla
	40
	IIa


ER: Endoscopic resection; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; IP: Intraoperative perforation; DP: Delayed perforation.
Table 2 Predictors of perforation
	
	Perforation
	P value

	
	Did not occur
	Occurred
	

	Sex
	M
	33
	6
	

	
	F
	18
	2
	0.704

	Histological diagnosis
	Adenoma
	33
	5
	

	
	Carcinoma
	18
	3
	1.000

	Tumor location
	Pre-ampulla
	31
	4
	

	
	Post-ampulla
	20
	4
	0.704

	Tumor size
	Under 20 mm
	42
	3
	

	
	Over 20 mm
	9
	5
	0.014

	Macroscopic type
	Polyploid
	11
	1
	

	
	Superficial
	40
	7
	0.482

	Resection method
	EMR
	34
	2
	

	
	ESD
	17
	6
	0.047

	Prophylactic clipping1
	Not applied
	10
	0
	

	
	Applied
	44
	2
	1.000


1Excluded three cases in which clipping were impossible due to perforation. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; M: Male; F: Female.
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