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Choice of operative method for pancreaticojejunostomy and a multivariable study of pancreatic leakage in pancreaticoduodenectomy
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Abstract
BACKGROUND
As one of the major abdominal operations, pancreaticoduodenectomy (PD) involves many organs. Its operation is complex, and the scope of operation is large, which can cause great trauma in patients. The operation has a high rate of complications. Pancreatic leakage is the main complication after PD. When pancreatic leakage occurs after PD, it can often lead to abdominal bleeding and infection, threatening the lives of patients. One study found that pancreatic leakage was affected by many factors; among which, the choice of pancreaticojejunostomy method was the one that could be well controlled.

AIM
To investigate the choice of operative methods for pancreaticojejunostomy and to conduct a multivariate study of pancreatic leakage in PD.

METHODS
A total of 420 patients undergoing PD in our hospital from January 2014 to March 2019 were enrolled and divided into group A (n = 198) and group B (n = 222) according to the pancreatointestinal anastomosis method adopted during the operation. Duct-to-mucosa pancreatojejunostomy was performed in group A and bundled pancreaticojejunostomy was performed in group B. The operation time, intraoperative blood loss, and pancreatic leakage of the two groups were assessed. The occurrence of pancreatic leakage after the operation in different patients was analyzed.

RESULTS
The differences in operative time and intraoperative bleeding between groups A and B were not significant (P > 0.05). In group A, the time of pancreatojejunostomy was 26.03 ± 4.40 min and pancreatic duct diameter was 3.90 ± 1.10 mm. These measurements were significantly higher than those in group B (P < 0.05). The differences in the occurrence rates of pancreatic leakage, abdominal infection, abdominal hemorrhage and gastric retention between group A and group B were not significant (P > 0.05). The occurrence rates of pancreatic leakage in patients with preoperative albumin < 30 g/L, preoperative jaundice time ≥ 8 wk, and pancreatic duct diameter < 3 mm, were 23.33%, 33.96%, and 19.01%, respectively. These were significantly higher than those in patients with preoperative albumin ≥ 30 g/L, preoperative jaundice time < 8 wk, and pancreatic duct diameter ≥ 3 cm (P < 0.05). Logistic regression analysis showed that preoperative albumin < 30 g/L, preoperative jaundice time ≥ 8 wk, and pancreatic duct diameter < 3 mm were risk factors for pancreatic leakage after PD operation (Odds ratio = 2.038, 2.416 and 2.670, P < 0.05).

CONCLUSION
The pancreatointestinal anastomosis method during the PD operation has no significant effect on the occurrence of pancreatic leakage: the main risk factors include preoperative albumin, preoperative jaundice time, and pancreatic duct diameter.

Key Words: Pancreatoduodenectomy; Pancreatojejunostomy; Choice of operative methods; Pancreatic leakage; Multivariate analysis

Liang H, Wu JG, Wang F, Chen BX, Zou ST, Wang C, Luo SW. Choice of operative method for pancreaticojejunostomy and a multivariable study of pancreatic leakage in pancreaticoduodenectomy. World J Gastrointest Surg 2021; In press

Core Tip: Through retrospective studies, it was confirmed that the type of pancreaticojejunostomy during pancreaticoduodenectomy operation had no significant effect on the occurrence of postoperative pancreatic leakage. The main risk factors for its occurrence include preoperative albumin, preoperative jaundice time and pancreatic duct diameter.

INTRODUCTION
As one of the major abdominal operations, pancreaticoduodenectomy (PD) involves many organs. Its operation is complex, and the scope of operation is large, which can cause great trauma in patients. The operation has a high rate of complications. Pancreatic leakage is the main complication after PD[1-5]. When pancreatic leakage occurs after PD, it can often lead to abdominal bleeding and infection, threatening the lives of patients. One study found that pancreatic leakage was affected by many factors; among which, the choice of pancreaticojejunostomy method was the one that could be well controlled. Due to the differences in the specific operation mechanism of the two commonly used anastomosis methods after PD, duct-to-mucosa pancreatojejunostomy and bundled pancreaticojejunostomy, and the individual differences among patients, not all patients can adopt pancreaticojejunostomy. However, each method has advantages and disadvantages. There are still some differences regarding the type of pancreaticojejunostomy that is more favorable to patients[6]. Therefore, in this study, the curative effect of duct-to-mucosa pancreaticojejunostomy and binding pancreaticojejunostomy in PD was reviewed. Multiple factors of postoperative pancreatic leakage were analyzed.

MATERIALS AND METHODS
Patients
A total of 420 patients undergoing PD in our hospital between January 2014 and March 2019 were selected. The inclusion criteria were as follows: (1) American Association of Anesthesiologists classification I–II; (2) age > 18 years; and (3) complete preservation of clinical variables. The exclusion criteria were abnormal coagulation function, blood system diseases, immune system diseases, and other basic diseases. These patients were divided into group A (n = 198) and group B (n = 222) according to the pancreatointestinal anastomosis method adopted during the operation. There was no significant difference in the general material between groups A and B (P > 0.05, Table 1).

Operation method
In PD, the reconstruction of the digestive tract was in the order of pancreaticojejunostomy, choledochojejunostomy, and gastrojejunostomy to conduct Roux-Y anastomosis. Duct-to-mucosa pancreatojejunostomy was performed in group A. First, we sewed up the jejunal seromuscular layer intermittently with the pancreatic tissue at the posterior edge of the pancreatic section. We cut a small hole in the jejunal wall corresponding to the pancreatic duct, then the posterior wall of the jejunum was sutured intermittently with the entire jejunum with three needles, and a silicone tube was inserted into the jejunum and beyond the bilioenterostomy. Next, the anterior wall of the pancreatic duct and the whole jejunum were sewn up intermittently using three needles so that the pancreatic duct was put into the jejunal mucosa as far as possible. We then sutured the anterior tissue of the pancreatic section and the jejunal seromuscular layer intermittently. If necessary, the jejunal seromuscular layer and pancreatic capsule were intermittently embedded and sutured.
Bundled pancreaticojejunostomy was performed in group B. A multifunctional surgical dissector was used to cut the pancreas at the neck of the pancreas, and scrape suction was used to break the pancreas. The jejunum was cut off near the terminal jejunal artery. The jejunum was turned over to 3 o’clock, so that the mucosal surface of the jejunum was outward. After that, we closed the pancreas and intestinal stump and sutured the two sides with silk thread as a single layer. The posterior lip was sutured first, and then the anterior lip was sutured. The two loose temporary ligation knots were cut off and the mucosal surface was destroyed. The jejunum was returned to its original position. A number 0 absorbable suture was passed through the mesenteric puncture hole between the two groups of blood vessels near the broken end of the jejunum to ligate around the jejunum so that the jejunum and pancreas were closely attached. The tightness of ligation was such that the ligation coil could just extend into the small vascular clamp end.

Data collection
The operative time, anastomotic time, intraoperative bleeding loss, and pancreatic duct diameter were compared between the two groups. The occurrence rates of pancreatic leakage, abdominal infection, abdominal hemorrhage, and gastric retention were recorded. The preoperative albumin, preoperative jaundice time, pancreatic duct diameter, and other important clinical variables were analyzed and compared.

Statistical analysis
SPSS 22.0 software was used for material statistics. The measurement data are expressed as mean ± SD. The differences between these two groups were compared by independent sample t-tests. Categorical variables are expressed as frequency or percentage, and the comparison between the two groups was performed using the 2 test. Multivariate analysis adopted the logistic regression analysis, where a = 0.05 was the test level.

RESULTS
Comparison of operation time and anastomosis time between group A and group B
The differences in operative time and intraoperative bleeding between groups A and B were not significant (P > 0.05). The time of pancreatojejunostomy and pancreatic duct diameter in group A were significantly higher than those in group B (P < 0.05, Table 2 and Figure 1).

Comparison of pancreatic leakage and other complications between group A and group B
The differences in the occurrence rates of pancreatic leakage, abdominal infection, abdominal hemorrhage, and gastric retention between groups A and B were not significant (P > 0.05, Table 3).

Relationship between postoperative pancreatic leakage and clinical indicators
The occurrence rates of pancreatic leakage in patients with preoperative albumin < 30 g/L, preoperative jaundice time ≥ 8 wk, and pancreatic duct diameter < 3 mm were significantly higher than those in patients with preoperative albumin ≥ 30 g/L, preoperative jaundice time < 8 wk, and pancreatic duct diameter ≥ 3 cm (P < 0.05, Table 4).

Multivariate analysis
Logistic regression analysis showed that preoperative albumin < 30 g/L, preoperative jaundice time ≥ 8 wk, and pancreatic duct diameter < 3 mm were risk factors for pancreatic leakage after PD operation (Odds ratio = 2.038, 2.416, and 2.670, P < 0.05, Table 5). 

DISCUSSION
The anatomical structures adjacent to the pancreas are relatively important; therefore, PD is a highly complex operation that involves many organs. The procedure can cause great damage to the body, and the morbidity and mortality associated with postoperative complications are high[7]. Pancreatic leakage is the most dangerous complication of PD[8]. Preventing pancreatic leakage is key to the success of the operation, specifically with regard to the selection of the procedure to use for pancreaticojejunal anastomosis[9]. Previous study[10] found that different anastomosis methods have differences in their effects on different patients. Therefore, clinical recommendations should be made according to the patient's condition, the surgical characteristics, and the selection of the appropriate pancreaticointestinal anastomosis method to improve the surgical effect.
Duct-to-mucosa pancreaticojejunostomy and bundled pancreaticojejunostomy are the most common procedures performed in PD. The results showed that there was no significant difference in operation time and intraoperative blood loss between groups A and B, but the pancreaticojejunostomy duration and pancreatic duct diameter in group A were significantly larger than those in group B. These results indicate that pancreaticojejunal mucosal anastomosis is slow and is mostly used for patients with larger pancreatic duct diameters. Pancreaticojejunostomy can ensure the continuity and patency of the jejunal mucosa and pancreatic duct, thus better maintaining the exocrine function of the pancreas and the patency of the anastomosis. Burying the pancreatic stump under the jejunal serosa can effectively protect the anastomosis and reduce bleeding caused by pancreatic juice eroding the pancreatic stump. However, the operation is relatively difficult, the technical requirements of the anastomosis are high, and they are mostly suitable for patients with large-diameter pancreatic ducts[11,12]. Bundled pancreaticojejunostomy can be used to avoid pinhole indwelling by ensuring the sealing of anastomosis via binding instead of sewing, thus reducing the incidence of pancreatic leakage. However, previous studies[13,14] have indicated that this method is not suitable for patients in whom the pancreatic stump is too thick, which must be addressed with certain surgical requirements.
Through further study, no significant difference in the occurrence rate of pancreatic leakage, abdominal infection, intraperitoneal hemorrhage, and gastric retention between groups A and B was found. These results indicate that the rates of pancreatic leakage and other complications after duct-to-mucosa pancreaticojejunostomy and bundled pancreaticojejunostomy were similar. At present, there is no consensus on which specific operation is best for digestive tract reconstruction in PD. Therefore, surgeons need to understand the specific indications for different anastomosis methods. With the development of clinical technology, more ideal pancreatic stump management methods are expected to be explored through large sample and prospective studies to reduce the rate of postoperative pancreatic leakage and improve the safety of the operation.
Analysis of the relationship between postoperative pancreatic leakage and clinical indicators showed that the rate of postoperative pancreatic leakage in patients with preoperative albumin < 30 g/L, preoperative jaundice duration ≥ 8 wk, and pancreatic duct diameter < 3 cm were significantly higher than those before the operation. Logistic regression showed that preoperative albumin < 30 g/L, preoperative jaundice duration ≥ 8 wk, and pancreatic duct diameter < 3 cm were risk factors for pancreatic leakage in patients with PD. These results indicate that preoperative albumin level, preoperative jaundice duration, and pancreatic duct diameter are the main risk factors for pancreatic leakage after PD. Therefore, patients with abnormal preoperative bilirubin and albumin levels and a long duration of jaundice need to be given special attention before the operation and should receive good perioperative support treatment to reduce the rate of postoperative pancreatic leakage. Pancreatic leakage is not only related to surgical and pancreatic factors but is also closely related to the basic state of the patient during the perioperative period. As the duration of jaundice increases, the decreased liver function of patients is gradually aggravated. Related studies[15-17] indicated that vitamin K1 could be used to improve coagulation function and jaundice symptoms, but the absorption of toxins in the body could lead to damage to multiple organs and the liver, inducing pancreatic leakage. Perioperative hypoproteinemia is another main cause of abdominal infection, wound infection, and pancreatic leakage. Patients with relatively poor nutritional status require timely supplementation with albumin and nutrients. A good visual field and pancreatic duct exposure are important factors for ensuring a successful pancreaticoenteric anastomosis; therefore, a large diameter is needed to suture the pancreaticoenteric anastomosis, which should then be left in place. The pinhole is an important cause of pancreatic leakage and requires special attention[18-20].

CONCLUSION
In summary, intraoperative pancreaticojejunostomy in PD had no significant effect on postoperative pancreatic leakage. The main risk factors for pancreatic leakage included preoperative albumin, preoperative jaundice time and pancreatic duct diameter.

ARTICLE HIGHLIGHTS
Research background
The pancreaticoduodenectomy (PD) involves many organs, and its operation is complex and the scope of operation is large. The operation can cause great trauma in patients and has a high rate of complications. Pancreatic leakage is the main complication after PD. 

Research motivation
This study discussed the selection of surgical methods for pancreaticojejunostomy and pancreatic leakage during PD.

Research objectives
This study aimed to investigate the choice of operative methods for pancreaticojejunostomy and multivariate study of pancreatic leakage in PD.

Research methods
A total of 420 patients undergoing PD operation were selected and divided into group A and group B according to the pancreatointestinal anastomosis method adopted during the operation. Duct-to-mucosa pancreatojejunostomy was performed in group A and bundled pancreaticojejunostomy was performed in group B. The operation time, intraoperative blood loss, and pancreatic leakage of the two groups were observed, and the occurrence of pancreatic leakage after the operation in different patients was analyzed.

Research results
The differences in operative time and intraoperative bleeding between groups A and B were not significant. In group A, the time of pancreatojejunostomy was 26.03 ± 4.40 min and the pancreatic duct diameter was 3.90 ± 1.10 mm. These measurements were significantly higher than those in group B. The differences in the occurrence rates of pancreatic leakage, abdominal infection, abdominal hemorrhage, and gastric retention between group A and group B were not significant. The occurrence rates of pancreatic leakage in patients with preoperative albumin < 30 g/L, preoperative jaundice time ≥ 8 wk, and pancreatic duct diameters < 3 mm were 23.33%, 33.96%, and 19.01%, respectively. 

Research conclusions
The pancreatointestinal anastomosis method during the PD operation has no significant effect on the occurrence of pancreatic leakage. The main risk factors include preoperative albumin, preoperative jaundice time, and pancreatic duct diameter.

Research perspectives
Choose a more advantageous surgical method for pancreaticojejunostomy.
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Figure 1 Comparison of operation time and anastomosis time between group A and group B.


Table 1 Comparison of general material between group A and group B
	Group
	Cases
	Male/female
	Age (yr)
	Albumin(g/L)
	Hemoglobin (g/L)
	Disease types

	
	
	
	
	
	
	Carcinoma of head of pancreas
	Carcinoma of ampulla
	Carcinoma of lower common bile duct
	Duodenal carcinoma

	A group
	198
	110/88
	60.33 ± 9.82
	36.70 ± 4.40
	110.02 ± 10.43
	93 (46.97)
	52 (26.26)
	31 (15.66)
	22 (11.11)

	B group
	222
	132/90
	59.81 ± 10.11
	36.12 ± 5.53
	109.82 ± 12.21
	108 (48.65)
	72 (32.43)
	29 (13.06)
	13 (5.86)

	t/2
	
	0.653
	0.533 
	1.180 
	0.179 
	5.372

	P value
	　
	0.419
	0.594 
	0.239 
	0.858 
	0.146




Table 2 Comparison of operation time and anastomosis time between group A and group B
	Group
	cases
	Operation time (h)
	Intraoperative blood loss (mL)
	Pancreaticojejunostomy time (min)
	Diameter of pancreatic duct (mm)

	A group
	198
	5.02 ± 0.82
	430.40 ± 50.03
	26.03 ± 4.40
	3.90 ± 1.10

	B group
	222
	4.97 ± 0.90
	429.28 ± 47.74
	21.19 ± 3.77
	2.50 ± 0.88

	t
	
	0.593 
	0.235 
	12.139 
	14.470 

	P value
	
	0.554 
	0.815 
	0.000 
	0.000 



Table 3 Comparison of pancreatic leakage and other complications between group A and group B, n (%)
	Group
	Cases
	Pancreatic leakage
	Abdominal infection
	Abdominal hemorrhage
	Gastric retention

	A group
	198
	14 (7.07)
	8 (4.04)
	7 (3.54)
	7 (3.54)

	B group
	222
	21 (9.46)
	10 (4.50)
	9 (4.05)
	8 (3.60)

	2
	
	0.782
	0.055
	0.077
	0.001

	P value
	
	0.377
	0.815
	0.782
	0.970




Table 4 Relationship between postoperative pancreatic leakage and clinical indicators, n (%)
	Index
	Cases
	Postoperative pancreatic leakage
	2
	P value

	Age (yr)
	　
	　
	　0.072
	0.789　

	≤ 60 
	243
	21 (8.64)
	
	

	> 60
	177
	14 (7.91)
	
	

	Sex
	
	
	0.004
	0.953

	Male
	242
	20 (8.26)
	
	

	Female
	178
	15 (8.43)
	
	

	Diabetes
	
	
	0.153
	0.696

	Yes
	120
	11 (9.17)
	
	

	No
	300
	24 (8.00)
	
	

	Hypertension
	
	
	0.089
	0.766

	Yes
	178
	14 (7.87)
	
	

	No
	242
	21 (8.68)
	
	

	Preoperative albumin
	
	
	33.739
	0.000

	< 30 g/L
	90
	21 (23.33)
	
	

	≥ 30 g/L
	330
	14 (4.24)
	
	

	Preoperative jaundice time
	
	
	52.154
	0.000

	< 8 wk
	367
	17 (4.63)
	
	

	≥ 8 wk
	53
	18 (33.96)
	
	

	Operation time
	
	
	0.022
	0.883

	< 4 h
	209
	17 (8.13)
	
	

	≥ 4 h
	211
	18 (8.53)
	
	

	Intraoperative blood loss
	
	
	0.087
	0.768

	< 430 mL
	230
	20 (8.70)
	
	

	≥ 430 mL
	190
	15 (7.89)
	
	

	Vascular resection and reconstruction
	
	
	0.000
	1.000

	Yes
	60
	5 (8.33)
	
	

	No
	360
	30 (8.33)
	
	

	Pancreatic texture
	
	
	0.022
	0.883

	Soft
	221
	18 (8.14)
	
	

	Hard
	199
	17 (8.54)
	
	

	Diameter of pancreatic duct
	
	
	25.355
	0.000

	< 3 mm
	121
	23 (19.01)
	
	

	≥ 3 mm
	299
	12 (4.01)
	
	

	Pancreaticojejunostomy time
	
	
	0.305
	0.580

	< 30 min
	320
	28 (8.75)
	
	

	≥ 30 min
	100
	7 (7.00)
	
	

	Pancreatic duct indwelling support tube
	
	
	0.162
	0.687

	Yes
	335
	27 (8.06)
	
	

	No
	85
	8 (9.41)
	
	

	Disease types
	
	
	0.018
	0.999

	Carcinoma of head of pancreas
	201
	17 (8.46)
	
	

	Carcinoma of ampulla
	124
	10 (8.06)
	
	

	Carcinoma of lower common bile duct
	60
	5 (8.33)
	
	

	Duodenal carcinoma
	35
	3 (8.57)
	
	





Table 5 Multivariate analysis
	Factor
	
	SE
	Walds
	P value
	Odds ratio (95%CI)

	Preoperative albumin < 30 g/L
	0.712 
	0.202 
	12.424 
	0.000 
	2.038 (1.372-3.028) 

	Preoperative jaundice time ≥ 8 wk
	0.882 
	0.329 
	7.187 
	0.000 
	2.416 (1.268-4.604)

	Diameter of pancreatic duct < 3 mm
	0.982 
	0.311 
	9.970 
	0.000 
	2.670 (1.451-4.911)
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