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Abstract
BACKGROUND
[bookmark: _Hlk108605809][bookmark: _Hlk108604385]Postoperative pancreatic fistula (POPF) is one of the most common and serious complications after pancreaticoduodenectomy (PD). To effectively reduce the incidence of POPF, we designed a new type of pancreaticojejunostomy (PJ), which was termed one-half layer PJ with the rear wall of the pancreas reinforced.

AIM
To explore the clinical application value of this new technique.

METHODS
We compared 62 patients who had undergone PD by either the traditional duct-to-mucosa anastomoses or the new one-half layer PJ with the rear wall of the pancreas reinforced method at our hospital from May 2015 to September 2019. All 62 patients were operated by the same surgeon experienced in both procedures. We retrospectively analyzed patient characteristics, perioperative outcomes, and surgical results.

RESULTS
There was no significant difference between the two groups in basic information except the postoperative hospital stays, 14.7 ± 5.4 d in the traditional duct-to-mucosa anastomoses group and 12.0 ± 4.2 d in the one-half layer PJ group (P = 0.042). In terms of postoperative complications, the one-half layer PJ group had a lower rate of POPF than the traditional group. The overall number of cases with POPF was 8 (24.2%) in the traditional group and 2 (6.9%) in the one-half layer group (P = 0.017). Additionally, the rate of grades B and C POPF was lower in the one-half layer group (3.4%) compared with that (12.1%) in the traditional group (P = 0.010). One patient died due to hemorrhage caused by severe pancreatic fistula in the traditional group.

CONCLUSION
One-half layer PJ with the rear wall of the pancreas reinforced is a safe and feasible procedure that can successfully reduce the rate of POPF. It may be a promising technique for PJ after PD.
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Core Tip: Postoperative pancreatic fistula (POPF) is one of the most common and serious complications after pancreaticoduodenectomy. To effectively reduce the incidence of POPF, we designed a new type of pancreaticojejunostomy (PJ). The technique that we introduce in this paper is a very new kind of PJ. Our research confirmed that this new technique is simple, safe, and easy to operate, and it can effectively reduce the occurrence of POPF.

INTRODUCTION
Postoperative pancreatic fistula (POPF) is one of the most common and serious complications after pancreaticoduodenectomy (PD). It is also the major reason for bleeding and serious infection of the abdomen[1-3]. Some reports have shown that the morbidity of POPF ranges from 5% to 25%[4-7], and the relative mortality ranges from 10% to 50%[8-10]. Development of procedures to minimize or even avoid the occurrence of POPF has become one of the most difficult problems for surgeons worldwide. The pancreatic texture, main pancreatic duct diameter, and anastomotic technique are considered the most important factors that increase the risk of POPF[11,12]. However, the anastomotic technique is the only factor that can be modified[13,14]. Our team found that the rear wall of the pancreatic intestinal anastomosis is always involved in serious POPF occurrence. We designed a new type of pancreaticojejunostomy (PJ), called one-half layer PJ with the rear wall of the pancreas reinforced, based on this finding. To our knowledge, this method has not been reported in previous studies, and it is safe and effective in reducing the occurrence of POPF.

MATERIALS AND METHODS
Patients
In this study, we retrospectively analyzed 71 patients with periampullary neoplasms, including ampullary carcinomas and carcinomas of the distal bile duct and the periampullary duodenum, who received either the traditional duct-to-mucosa anastomoses or one-half layer PJ with the rear wall of the pancreas reinforced method at our hospital from May 2015 to September 2019. After reviewing the medical records of these patients, we excluded all cases with diffused metastases in the abdomen or with severe diseases in other systems, as well as those who received preoperative neoadjuvant therapy. As a result, a total of 62 patients were classified into two groups. We analyzed the basic information of patients including age, sex, body mass index, pancreatic tissue, tumor size, and pathologic diagnosis. Likewise, perioperative outcomes and surgical results were evaluated, including operative time, anastomosis time, volume of intraoperative blood loss, duration of hospital stays, and postoperative complications. The amylase concentration was measured on the first, third, and fifth postoperative days (PODs), as well as subsequent time points, if necessary. POPF was defined as any measurable volume of drainage fluid on or after POD3 with an amylase content 3 times greater than the serum amylase activity according to the International Study Group on Pancreatic Fistula’s definition. This research was unanimously approved by our hospital medical ethics committee (No. HMUIRB20160006). All patients or their next of kin provided informed consent for surgery.

Surgical technique
Patients were placed in a supine position and given general anesthesia with tracheal intubation. Their lower backs were elevated with cushions. The right quarter rib area by the rectus abdominis was incised, and conventional abdominal exploration was conducted, focusing on exploration of lymph nodes and distant metastasis, clearing the location, and determining the size and texture of the tumor. One-half layer PJ with the rear wall of the pancreas reinforced was used for digestive tract reconstruction.

Transecting the pancreas: The pancreas was transected at the level of the portal vein. Careful hemostasis was achieved by electrocautery or sutures of the pancreatic stump. The superior and inferior borders of the reserved stump were sewn with silk sutures. For convenience, in the resection of the head of the pancreas, we ligated a 1-0 silk suture approximately 0.5 cm from the pre-cut line at the head of the pancreas and cut off the pancreas at the pre-cut line with a scalpel while focusing on the main pancreatic duct. To prevent pancreatic stump ischemia and damage, we aimed to avoid using an electrotome unless bleeding occurred. Fish mouth-shaped or mattress sutures were also avoided. The pancreatic stump surrounding tissue was dissociated, but not excessively; we simply matched the length that was required. We inserted a thin silicone tube in the pancreatic duct as a stent.

Preparation for a jejunum loop: We lifted the jejunal loop through an opening on the right side of the mesocolon and ensured that the pancreatic stump and jejunal loop were as close as possible to avoid the formation of a blind loop. An electrotome was used to cauterize the jejunal seromuscular layer to produce a pore with the same size as the main pancreatic duct. A hemostat was used to clamp and lift the jejunal mucosa to be cut by the electrotome. Then, the hemostat slightly stretched the pore on the jejunum wall. 

Anastomosis: Figure 1 shows the pancreatic stump and jejunum loop before anastomosis. At the place at least 1 cm from the pancreatic incisal margin, one needle with 4-0 Gore thread was inserted through the anterior wall of the pancreas. The needle pierced through the pancreas and protruded from the rear wall at the same distance from the incisal margin. Then, suturing was continued through the seromuscular layer of the jejunum loop along the direction of the intestine, which was approximately 1.5 cm beneath the anastomosis pore, and the distance was approximately 1/3 to 1/4 of the length of the pancreatic stump diameter. Finally, the needle was inserted through the pancreas again from the rear wall to the anterior wall, ensuring that the needle point distance was approximately 1/3 to 1/4 of the pancreatic stump diameter, similar to a U-shaped suture. Then, after suturing 2-3 additional stitches in the same manner, the two adjacent U-shape sutures were slightly overlapped (Figure 2). Mosquito forceps were used to hold the 3-4 U-shape sutures while waiting for the next ligation. A continuous suture was used to complete the anastomosis between the jejunum and rear wall of the pancreas stump with a 5-0 absorbable suture. When the suture was close to the pancreatic duct, we performed a pancreatic duct-to-mucosa anastomosis (Figure 3). Then, the silicone tube that was inserted into the pancreatic duct previously was placed into the jejunum anastomosis pore, ensuring that it was located in the jejunal afferent loop. We continued suturing of the anterior wall of the anastomosis to complete the first layer (Figure 4). We ligated the 3-4 U-shaped sutures so that they could hold the rear wall of the pancreas (Figure 5), and this was the half layer match. We must note that the ligation should not be too tight to ensure that the pancreatic stump has a good blood supply; a watertight closure should be achieved.

Statistical analysis
Continuous variables are expressed as the mean ± SD. Statistical analyses were performed by using SPSS 21.0 computer software.

Follow-up
Patients were followed by outpatient examinations and telephone interviews. Outpatient examinations included color Doppler ultrasound or abdominal computed tomography evaluations. Telephone interviews included questions about whether the patients had abdominal pain, abdominal distension, or other discomfort. Diet, sleep, and other general conditions were also discussed in telephone follow-up evaluations. Follow-up was performed until March 2020.

RESULTS
The basic information of the patients is shown in Table 1. The mean ages of the two groups were 56.4 ± 8.8 years and 54.1 ± 11.0 years (P = 0.819). Among 62 patients, 37 were classified as having firm pancreatic tissue while 25 had soft tissue. This was not significantly different between the two groups (P = 0.281). In total, 34 cases of dilated pancreatic ducts were identified, with 18 (54.5%) in the traditional group and 16 (55.2%) in the one-half layer PJ group (P = 0.483). Fifteen patients were diagnosed with pancreatic ductal adenocarcinomas, 22 with common bile duct ampulla area adenocarcinomas, 10 with duodenal papillary adenocarcinomas, 7 with pancreatic intraductal papillary mucinous neoplasms, and 8 with duodenal ampullary adenocarcinomas. The histopathology distribution between the two groups was not significantly different (P = 0.288). The operative time was 262.6 ± 44.8 min in the traditional group and 271.3 ± 35.3 min in the one-half layer PJ group (P = 0.145). The mean PJ time was 12.4 ± 3.5 in the traditional group and 12.8 ± 3.0 in the one-half layer PJ group (P = 0.696). Overall mean volume of intraoperative blood loss was 425.5 ± 300.6 mL in the traditional group and 390.5 ± 275.4 in the one-half layer PJ group (P = 0.147). The mean total length of the postoperative hospital stay was 14.7 ± 5.4 d in the traditional group and 12.0 ± 4.2 d in the one-half layer PJ group (P = 0.042).
In terms of postoperative complications (Table 2), the one-half layer PJ group had a lower rate of POPF than the traditional group. The overall number of cases with POPF was 8 (24.2%) in the traditional group and 2 (6.9%) in the one-half layer group (P = 0.017). Additionally, the rate of grades B and C POPF was lower in the one-half layer group (3.4%) compared with that (12.1%) in the traditional group (P = 0.010). There were five patients (8.1%) with delayed gastric emptying, three (9.1%) in the traditional group and two (6.9%) in the one-half layer group (P = 0.326). The number of patients with wound infections was three (9.1%) in the traditional group and three (10.3%) in the one-half layer group (P = 0.653). One patient died due to hemorrhage caused by severe pancreatic fistula in the traditional group.

DISCUSSION
Codivilla, who was from Italy, originally described the PD procedure in 1898. Subsequently, POPF after PD has become one of the most troubling complications for surgeons. Many factors lead to the occurrence of POPF, and a number of research results have shown that the texture of the pancreas, diameter of the main pancreatic duct, and style of the anastomosis are important factors that influence the occurrence of POPF[15-17]. Since the first two factors are not within interventional control, surgeons have focused on inventing new types of PJ or pancreaticogastrostomy (PG) to minimize the occurrence of POPF.
PJ and PG are two types of popular pancreaticoenteric anastomoses that were recently described. Although Lee et al[18] described the PG method as having feasible outcomes for POPF and as having advantages over PJ, the results of many randomized controlled trials comparing PJ and PG have shown no firm conclusions to date about the superiority of one method or the other[19-21]. The two main methods used to perform PJ anastomoses are the invagination technique and the duct-to-mucosa anastomosis technique. Chen et al[22] proposed that the invagination PJ was relatively simple technically, and necrotic tissues and secretion could be drained into the intestine in a timely manner, but the pancreatic transecting surface was exposed to the intestinal lumen, which may lead to erosion and even life-threatening hemorrhage. One-layer end-to-side anastomosis decreases the operative time and is not generally affected by a lack of familiarity with the surgical technique, but it does not actually prevent pancreatic fistula formation. In addition, Su et al[23] clearly demonstrated that triple-layer duct-to-mucosa PJ with resection of the jejunal serosa provided a safe anastomosis and was associated with a very low risk of POPF. However, Zhang et al[17] argued that by increasing the suture layer of PJ, pancreatic leakage could be caused by large numbers of needle sutures and cutting of the pancreatic parenchyma.
No standard technique exists to rebuild the digestive tract. However, regardless of the type of anastomosis, the basic principles of digestive tract reconstruction must be followed, which include good exposure and vision, a lack of tension, a suitable match pitch, obtaining good coverage, and providing an adequate blood supply to pancreas sections. These are important factors to avoid POPF[24,25]. Our team found that most POPFs, especially severe cases, occurred at the rear wall of the pancreatic anastomosis. The reasons may be as follows: First, the pancreas is a substantial glandular tissue with a soft, fragile texture. With the exception of the anterior wall, the rear wall and the upper and lower edges have no peritoneal covering. Therefore, an anastomosis on the rear wall is more fragile than an anastomosis on the anterior wall, and it is more prone to cutting injury than an anastomosis on the anterior wall of the pancreas. Second, suturing an anastomosis in the rear wall is different from suturing the anterior wall, which is under direct vision, and this leads to a relatively poor grasp of needle depth and density. Third, we also found that most of patients have primary pancreatic duct openings that are located in the lower part of the flat ends, and this leads to a rear wall anastomosis being a weak point. Furthermore, as the abdominal aorta, celiac trunk, superior mesenteric artery and vein, splenic vein, inferior mesenteric vein, and other important great vessels are adjacent to the rear wall of the pancreas, a fistula resulting from the rear wall of PJ will undoubtedly lead to disastrous consequences. Therefore, we reinforced the rear wall of the anastomosis after one-layer PJ. This can reduce the occurrence of POPF, and it also helps to avoid disastrous bleeding.
Compared to other anastomoses, this anastomosis has the following advantages: First, it reduces the occurrence of POPF, including the risk of disastrous bleeding. Three or four U-shaped sutures firmly wrap the rear wall of the pancreas. Even when succus pancreaticus leaks from the rear wall of the first layer, it will be limited to the area between the rear wall of the pancreas and the jejunal serosa and will not leak into the abdominal cavity. Second, the indications are widespread. The technique can be adapted to all types of pancreases, and no special requirement exists regarding the texture of the pancreas and the diameter of pancreatic ducts. Third, it is simple, timesaving, and easy to master. There is no need to deliberately prepare a pancreas stump and jejunum before the match, unlike a telescopic or bundled anastomosis that require freeing the pancreas with sufficient length to perform the next match. A 3-pin U-shaped anastomosis is simple and requires only a single layer of continuous suturing. Moreover, a pancreatic drainage tube ensures smooth drainage and reduces the activation of trypsin. A pancreatic duct drainage tube stretches across the anastomotic stoma and avoids activation of succus pancreaticus, which will corrode the anastomotic stoma. Even if leakage of the anastomosis occurs, it will be less harmful. Finally, it is effective in reducing surgical trauma to the pancreas, avoiding the suture cutting damage to pancreatic tissue that occurs with multiple layers. It should be noted that when the rear wall is reinforced, the 3-4 pin U-shaped anastomosis should avoid piercing into the main pancreatic duct so as not to increase the risk of succus pancreaticus leakage. Due to the currently limited number of cases, multi-center prospective randomized controlled studies are needed to determine whether this anastomosis can be used as a routine additional surgical procedure for PD.

CONCLUSION
One-half layer PJ with the rear wall of the pancreas reinforced is a safe and feasible procedure that can successfully reduce the rate of POPF. It may be a promising technique for PJ after PD.

ARTICLE HIGHLIGHTS
Research background
To effectively reduce the incidence of postoperative pancreatic fistula (POPF), we designed a new type of pancreaticojejunostomy (PJ).

Research motivation
To effectively reduce the incidence of POPF.

Research objectives
This study was to explore the clinical application value of this new technique.

Research methods
In this study, we retrospectively analyzed 62 patients who received either the traditional duct-to-mucosa anastomoses or one-half layer PJ with the rear wall of the pancreas reinforced method at our hospital from May 2015 to September 2019. They were classified into two groups. We analyzed the basic information, perioperative outcomes, and surgical results of the patients.

Research results
In terms of postoperative complications, the one-half layer PJ group had a lower rate of POPF than the traditional group. The overall number of cases with POPF was 8 (24.2%) in the traditional group and 2 (6.9%) in the one-half layer group (P = 0.017). Additionally, the rate of grades B and C POPF was lower in the one-half layer group (3.4%) compared with that (12.1%) in the traditional group (P = 0.010). One patient died due to hemorrhage caused by severe pancreatic fistula in the traditional group.

Research conclusions
One-half layer PJ with the rear wall of the pancreas reinforced is a safe and feasible procedure that can successfully reduce the rate of POPF.

Research perspectives
This method may be a promising technique for PJ after pancreaticoduodenectomy.
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Figure Legends
[image: ]
Figure 1 Pancreas and jejunal loop before anastomosis.

[image: ]
Figure 2 U-shaped sutures of a pancreaticojejunostomy. A: One needle with 4-0 Gore thread is inserted through the anterior wall of the pancreas. The needle pierces through the pancreas and out from the rear wall with the same distance from the incisal margin. Then, suturing of the seromuscular layer of the jejunum loop continues along the direction of the intestine, which is approximately 1.5 cm beneath the anastomosis pore, and the distance is approximately 1/3 to 1/4 of the length of the pancreatic stump diameter. Finally, the needle pierces through the pancreas again from the rear wall to the anterior wall, ensuring that the needle point distance is approximately 1/3 to 1/4 of the pancreatic stump diameter; B: Photographic image of U-shape sutures.
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Figure 3 One-layer anastomosis of the pancreas and jejunum. A: Continuous suturing with a 5-0 absorbable suture is used to complete the anastomosis between the seromuscular layer of the jejunum and the rear wall of the pancreas stump. A pancreatic duct-to-mucosa anastomosis is performed for the pancreatic duct; B: Photographic image of one-layer anastomosis.
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Figure 4 The anterior wall of one-layer anastomosis. A: Suturing of the anterior wall of the anastomosis is continued similar to the rear wall to complete the one-layer match; B: Photographic image of the operation.
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Figure 5 The rear wall of the pancreas was reinforced. A: The 3 to 4-pin U-shaped sutures are ligated to hold the rear wall of the pancreas. The schema shows reinforcement of the rear wall of the pancreas; B: Photographic image shows the reinforcement of the rear wall of the pancreas; C: The schema of a longitudinal section after the rear wall of the pancreas is reinforced.
Table 1 Characteristics of the patients
	Variable
	Traditional group (n = 33)
	One-half layer PJ group (n = 29)
	P value

	Age (yr)
	56.4 ± 8.8
	54.1 ± 11.0
	0.889

	Sex
	
	
	0.571

	Male
	18
	19
	

	Female
	15
	10
	

	Body mass index (kg/m2)
	22.5 ± 2.9
	22.9 ± 3.1
	0.822

	Texture of pancreas
	
	
	0.281

	Firm
	20
	17
	

	Soft
	13
	12
	

	Dilated pancreatic duct
	18 (54.5%)
	16 (55.2%)
	0.483

	Tumor size
	2.85 ± 0.9
	3.25 ± 1.0
	0.176

	Pathological diagnosis
	
	
	0.288

	Pancreatic ductal adenocarcinomas
	6
	9
	

	Common bile duct ampulla area adenocarcinomas
	15
	7
	

	Duodenal papillary adenocarcinomas
	5
	5
	

	Pancreatic intraductal papillary mucinous neoplasms
	3
	4
	

	Duodenal ampullary adenocarcinoma
	4
	4
	

	Operative time (min)
	262.6 ± 44.8
	271.3 ± 35.3
	0.145

	Anastomosis time (min)
	12.4 ± 3.5
	12.8 ± 3.0
	0.696

	Blood loss (mL)
	425.5 ± 300.6
	390.5 ± 275.4
	0.147

	Postoperative hospital stay (d)
	14.7 ± 5.4
	12.0 ± 4.2
	0.042


[bookmark: _Hlk108678656]Values are presented as the mean ± SD or number (%). PJ: Pancreaticojejunostomy.

Table 2 Postoperative complications of the patients
	[bookmark: _Hlk82552831]Postoperative complication
	Traditional group (n = 33)
	One-half layer PJ group (n = 29)
	P value

	POPF
	8 (24.2%)
	2 (6.9%)
	0.017

	Grade A
	4 (20.9%)
	1 (24.4%)
	

	Grade B
	3 (9.1%)
	1 (3.4%)
	

	Grade C
	1 (3.0%)
	0 (0%)
	

	DGE
	3 (9.1%)
	2 (6.9%)
	0.326

	Pneumonia
	0 (0%)
	1 (3.4%)
	

	Wound infection
	3 (9.1%)
	3 (10.3%)
	0.653

	Mortality
	1 (3.0%)
	0 (0%)
	


[bookmark: _Hlk82554862]Values are presented as numbers (%). POPF: Postoperative pancreatic fistula; DGE: Delayed gastric emptying; PJ: Pancreaticojejunostomy.

[bookmark: _Hlk88512952]
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