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Introduction: 
Pancreaticoduodenectomy, also known as Whipple 

operation, was first described by Whipple et al. in 1935 

[1]. However, during the 1960s and 1970s, the 

operation became forsaken due to high operative 

mortality and poor survival [2, 3, 4]. 
Nowadays, Pancreaticoduodenectomy is 

considered the ideal treatment for not only pancreatic 

and periampullary cancer, but also extended to 

treatment of variety of benign diseases [5, 6-9]. This is 

due to improvement in surgical care and postoperative 

management which decreased mortality rate in high 

volume centers between 0 and 5%. However, the 

morbidity rate is still high and varies between 32% and 

52% [10,11-13]. 

Postoperative pancreatic fistula is the most 

common cause of morbidity and accounts for 45% of 
complications [12, 14, 15]. The International Study 

Group on Pancreatic Fistulas defines the Postoperative 

pancreatic fistula as output via the drain of any volume 

of drain fluid on or after postoperative day 3, with an 

amylase content more than 3 times the upper normal 

serum level. The International Study Group on 

Pancreatic Fistulas recommended a grading system for 

fistula by severity (A, B, and C), in which grade A is 

the least severe and grade C is the most severe 

depending on the clinical condition, the used treatment, 

results of imaging, infection, persistent drainage, 

readmission, reoperation and death [16, 17]. 

So, pancreatic anastomosis is considered the 

corner stone of Pancreaticoduodenectomy, and 

postoperative pancreatic fistula can cause many 

complications such as internal hemorrhage, intra-

abdominal abscess, long standing hospital stay or even 

death. In an attempt to prevent or decrease 

postoperative pancreatic fistula, many modifications of 

the technique of surgery was suggested such as closure 

of the main pancreatic duct with fibrin glue, 

pancreaticoenterostomy with the stomach or jejunum 

(with one- or two-layers sutures, duct-to-mucosa 
anastomosis or invagination, end to side or end to end 

with or without external/internal pancreatic duct 

drainage) and even removal of the whole pancreas [2, 

18]. However, there is no widely accepted ideal 

technique for reconstruction of the pancreas after 

pancreaticodoudenectomy and postoperative pancreatic 

fistula is still high at 5–25% [2, 19]. 

There are two main variants of reconstruction of 

the pancreas after pancreaticodoudenectomy: 

pancreaticojejunostomy and pancreaticogastrostomy 

[2]. pancreaticojejunostomy is the commonest method. 
It is of two main types: invagination anastomosis and 

duct-to-mucosa anastomosis [2, 20 ]. 

Invagination type is done by pancreatic stump 

invagination into the intestine in either an end-to-side or 

an end-to-end method. No need to identify the main 

pancreatic duct. According to the gastrointestinal tract 

physiological structure, invagination 

pancreaticojejunostomy may be considered the classic 
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and commonest type of anastomosis after 

pancreaticodoudectomy. The incidence of 

complications has also regarded as standard to   

evaluate different techniques [21, 22]. 

The duct-to-mucosa pancreaticojejunostomy is 

considered a two-layer anastomosis with suturing of the 

main pancreatic duct to jejunal mucosa as inner layer. 

Duct-to-mucosa pancreaticojejunostomy causes firm 

adhesion between the wall of the intestine and the 

stump of the pancreas and rapid patent anastomosis and 

maintenance of the exocrine function [21, 23]. In 
addition, duct-to-mucosa pancreaticojejunostomy does 

not consider the size of the pancreatic stump, excluding 

the problem of very tight or very loose invagination [21, 

24]. 

Pancreaticogastrostomy was developed to 

substitute pancreaticojujenostomy. In this anastomosis, 

the proximal 3-4 cm of the residual pancreas is freed 

from the retroperitoneum and splenic vein and 

anastomosed to the posterior wall of the stomach [2].  

The aim of this work is to present the results of a 

novel technique for pancreaticojejuonostomy in 36 
patients after pancreaticoduodenectomy which resulted 

in zero percentage leakage. It is two layers anastomosis 

with the smallest aperture in jejunum performed by a 

14-gauge canula to decrease the chance of digestion of 

the anastomosis by the activated pancreatic juice from 

intestinal secretion.  

  

Patients and Methods: 
During the period of this study from 2000 to 2018, 

a total of 36 patients underwent 

pancreaticoduodenectomy for malignant or benign 

diseases. All patients were performed in National 

Cancer Institute, Cairo University and Cairo private 

hospitals. 34 patients were done by one surgeon and 

two were done by another surgeon. All patients 

underwent pancreaticojejunostomy for reconstruction of 

the pancreas. The age of patients ranged from 17 to72 

years with a median of 58 years. The tumour size 
ranged from 1 to 6 cm. All patients with malignant or 

benign lesions in the head of pancreas, distal common 

bile duct or duodenum who required 

pancreaticoduodenectomy were included in this study. 

All patients were subjected to pancreaticojejunostomy 

after pancreaticodudenectomy. All data concerning the 

postoperative pancreatic fistula, early complications, 

postoperative pathology, postoperative mortality and 

postoperative sequelae were recorded and interpreted. 

 

Technique  

Our anastomosis was a two layers anastomosis. 
First layer was done with interrupted transverse 

mattress sutures with 4/0 PDS. The sutures include the 

whole thickness of the pancreas and whole thickness of 

the jejunum and all are inserted into the lumen of the 

pancreatic duct (Figure 1). Sutures were taken over a 14 

G stent inserted in the pancreatic duct and jejunum 

(Figure 2). The 14 G catheter was removed before tying 

the last suture of the first layer. This technique will 

nullify the problem of soft texture of pancreas in some 

patients because inclusion of the whole thickness of 

pancreas overlying pancreatic duct will boost the 

healing of the anastomosis in contrast to duct to mucosa 

anastomosis. A second interrupted mattress sutures 

were taken between the seromuscular layer of the 

jejunal stump and the outer halve thickness of the 

pancreas (Figure 3). 

 

Results:  
During the period of this study from 2000 to 2018, 

a total of 36 patients underwent 

pancreaticoduodenectomy for malignant or benign 

diseases. All patients underwent 

pancreaticojejunostomy for reconstruction of the 

pancreas. The tumour size ranged from 1 to 6 cm. 

As shown in Table 1, 24 were male (66.67 %) and 

12 were female (33.33 %). The preoperative 

pathological diagnosis included carcinoma of head of 

pancreas in 24 patients ( 66.67 % ), carcinoma of the 
ampulla in 6 patients ( 16.67 % ), carcinoma of the 

duodenum in 4 patients (  11.11 % ), carcinoma of the 

common bile duct in one patient ( 2.78 % ) and chronic 

pancreatitis also in one patient ( 2.78 % ). Preoperative 

stent for drainage of CBD was inserted in 21 patients 

(58.33 %) and 2 patients underwent bypass before 

surgery (5.56%). 

The postoperative morbidity rate (Table 2) was 25 

% (9 / 36) with major complications occurred only in 

one patient (2.68 %) in the form of pulmonary 

embolism. Postoperative wound infection occurred only 
in 2 patients (5.56 %) while stress ulcer and 

hematemesis occurred in 3 patients (8.33 %). Also 

delayed gastric empting occurred in 3 patients (8.33 %). 

As shown in Table 2, there was no postoperative 

pancreatic leakage. We found no difference between 

soft or firm pancreas because the first layer includes the 

whole thickness of pancreas and duct wall. And so, it is 

a sound anastomosis with a large chunk of pancreas for 

anastomosis. 

Concerning the postoperative pathology (Table 3), 

adenocarcinoma grade II was the most common 
postoperative pathology and occurred in 28 patients 

(77.78 %) followed by high grade adenocarcinoma 

which occurred in 4 patients (11.11 % ). Solid 

pseudopapillary neoplasm occurred in 2 patients (5.56 

%). The least pathology was MALT lymphoma and 

chronic pancreatitis, each of which occurred in one 

patient (2.78 %).  

Postoperative pathological examination of the 

dissected lymph nodes (Table 3) was negative in 27 

patients (75 %) and positive for tumour metastasis in 9 

patients (25 % ). 

The postoperative mortality occurred in 2 patients 
(5.56 %), one patient died from acute myocardial 

infarction and the other one died from a cerebrovascular 

stroke (Table 4). 

Concerning the postoperative sequelae (Table 5), 

31 patients (86.11 %) resumed oral intake within 10 

days from the operation and 3 patients (8.33 % ) after 

10 days. The fat contents of the stool were less than 

3gm/24 hours in 22 patients (61.11 %). 24 patients 

(66.67 %) gained weight 3 months after operation. Only 
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3 patients (8.33 %) received postoperative adjuvant 

chemotherapy. 

 

Table 1: Preoperative clinicopathological features and 

characteristics of patients.  

Parameter Number 

of 

patients 

Percentage 

Total number of patients 36  

Gender Male 24 66.67 % 

Female 12 33.33 % 

Diagnosis  Carcinoma 

of head of 
pancreas 

24 66.67 % 

Carcinoma 

of the 

ampulla 

6 16.67 % 

Carcinoma 

of the 

duodenum 

4 11.11 % 

Carcinoma 

of common 

bile duct 

1 2.78 % 

Chronic 

pancreatitis 

1 2.78 % 

Preoperative 

stenting 

Yes 21 58.33 % 

No 13 36.11 % 

Bypass 

before 

surgery 

2 5.56 

 
 

Table 2: Postoperative complications (morbidity). 

 

Parameter Number 

of patient 

percentage 

Postoperative leakage from 

pancreaticojejunostomy 

0 0 % 

Wound infection 2 5.56 % 

Stress gastric ulcer and 

hematemesis 

3 8.33 % 

Delayed gastric emptying 3 8.33 % 

Pulmonary embolism 1 2.78 % 

 

 

Table 3: Postoperative pathology. 

Parameter Number 

of patients 

percentage 

Adenocarcinoma grade II 28 77.78 % 

High grade 

adenocarcinoma 

4 11.11 % 

Solid pseudopapillary 

neoplasm 

2 5.56 % 

MALT lymphoma of the 
duodenum  

1 2.78 % 

Chronic pancreatitis 1 2.78 % 

Regional 

lymph 

node status 

Negative 27 75 % 

Positive 9 25 % 

 

Table 4: Postoperative mortality. 

Parameter Number 

of 

patients 

percentage 

Total deaths 2 5.56 % 

Cause 

of 

death 

Acute myocardial 

infarction 

1 2.78 % 

Cerebrovascular 

stroke 

1 2.78 % 

 

 

Table 5: Data related to postoperative sequelae. 

Parameter Number 

of 

patients 

Percentage 

Resumed oral intake within 10 

days  

31 86.11 % 

Resumed oral intake after 10 days 3 8.33 % 

Adjuvant chemotherapy 3 8.33 % 

Stool fat one month after 

operation less than 3gm/24 hours 

22 61.11 % 

Weight gain 3 months after 

operation 

24 66.67 % 

 

 

Discussion: 

Pancreaticodoudenectomy is the most complicated 

procedure for diseases of head of pancreas and 

periampullary region [ 10, 11]. Postoperative pancreatic 

fistula is the most serious complication after PD and the 

incidence of leakage ranged from 0 to 25 % [ 10, 25]. 

The technique of anastomosis is one of the most 

important factors in occurrence of Postoperative 

pancreatic fistula. So, various techniques of pancreatic 
stump management have been studied to reduce the rate 

of leakage [ 10, 26]. 

The main advantages of our technique is that we 

perform a small aperture (14 G) in the jejunal stump 

which was found to be crucial in preventing leakage. 

Also, this technique is suitable for all pancreatic stumps 

and not influenced by the consistency of the pancreas as 

the sutures of first layer include the whole thickness of 

the pancreatic stump which will nullify the problem of 

soft texture of pancreas in some patients. This will 

boost the healing of the anastomosis in contrast to duct 

to mucosa anastomosis. Also, the pancreatic transection 
surface is not exposed to the intestinal lumen which will 

decrease the incidence of scar or stricture formation at 

the pancreatic duct opening. Finally, the technique is 

simple, easy to do and easy to learn. 

In this study, we found that the incidence of 

leakage from pancreaticojejunostomy with our 

technique is 0 %. In a study by Weiping Ji et al [ 10], 

they found that the incidence of pancreatic leakage in 

patients with double layer continuous sutures is 17.14 

% (6/35). It was lower than those with double layer 

interrupted sutures which was 39.24 % (31/79). They 
concluded that the two layers continuous sutures are 

better than the two layers interrupted sutures and 

provides better surgical outcomes. Chen et al [27] 
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developed a new technique for anastomosis using end-

to-side penetrating-suture pancreaticojejunostomy. The 

Postoperative pancreatic fistula in their study occurred 

in 26/106 patients (24%). Mario Testini et al [ 5] 

developed a new technique for pancreaticojejunostomy 

in which duct evagination, posterior double-layer suture 

and anterior single layer suture are done in eight 

patients (4 females, 4 males; average age 66, range 57-

74). No cases of pancreatic fistula were observed. Fujii 

et al [20] found in their study that Postoperative 

pancreatic fistula occurred in 2.5% of 120 patients. 
They used Blumgart technique for 

pancreaticojejunostomy in all 120 patients. 187 patients 

underwent Blumgart pancreaticjejunostomy after 

pancreaticoduodenectomy by Grobmyer et al [18] of 

whom 13 patients (6.9 %) developed Postoperative 

pancreatic fistula. Also 90 patients underwent Blumgart 

PJ by Kleespies et al [19] of whom 4% developed 

Postoperative pancreatic fistula in contrast to 92 

patients who underwent conventional PJ of which 13% 

developed Postoperative pancreatic fistula. 

  In our study, the postoperative complications 
occurred in 9/36 patients (25%) and were not fatal and 

management of these complication was easy and 

helpful. The complications were as follows: 2 patients 

(5.56%) developed wound infection, 3 patients (8.33%) 

developed stress gastric ulcer and hematemesis, 3 

patients (8.33%) developed delayed gastric empting and 

one patient (2.78%) developed pulmonary embolism. 

There were no cases with bile leak or postoperative 

bleeding and no patients required reoperation. Chen et 

al [27] in their study found that 2/106 patients (0.94%) 

developed bile leakage, 6/106 patients (5.66%) 

developed delayed gastric empting and no patients 
required reoperation. In a study by Mohammed Abu 

Helal et al [28], 6/50 patients (12%) developed wound 

infection, 4/50 patients (8%) developed postoperative 

hemorrhage, one patient (2%) developed bile leakage 

and 6/50 patients (12%) developed chest infection. 5 

patients required reoperation; 4 due to postoperative 

hemorrhage and one with intestinal obstruction due to 

internal herniation. 

In this study, concerning the postoperative 

pathology, adenocarcinoma grade II was the most 

common postoperative pathology and occurred in 28 
patients (77.78 %) followed by high grade 

adenocarcinoma which occurred in 4 patients (11.11 

%). Solid pseudopapillary neoplasm occurred in 2 

patients (5.56 %). The least pathology was MALT 

lymphoma and chronic pancreatitis, each of which 

occurred in one patient (2.78 %). The postoperative 

pathological examination of the dissected lymph nodes 

was negative in 27 patients (75 %) and positive for 

tumour metastasis in 9 patients (25 %). In the study by 

Chen et al [28], the postoperative pathology were as 

follow: 41 patients (38.7%) had adenocarcinoma of 

pancreatic head, 16 patients (15.1%) had 
adenocarcinoma of the ampulla, 21 patients (19.8%) 

had distal bile duct adenocarcinoma, 19 patients 

(17.9%) had duodenal adenocarcinoma, one patient 

(0.9%) had duodenal lipoma, 5 patients (4.7%) had 

pancreatic head cystic adenoma and 3 patients (2.8%) 

had chronic pancreatitis. 

In this study, the postoperative in-hospital 

mortality occurred in 2 patients (5.56 %) with one 

patient died from acute myocardial infarction and the 

other one died from a cerebrovascular stroke. This is 

slightly higher than average universal mortality rate 

(less than 5%) after pancreaticoduodenctomy [27]. 

Mohammed Abu Hilal et al [28] reported no in-hospital 

mortality in their series of 50 patients who underwent 

modified Cattell’s pancreaticojejunostomy. Azhar 

Perwaiz et al [29] developed a study comparing the 

isolated roux loop pancreaticojejunostomy and 
conventional reconstruction in 

pancreaticodoudenectomy, 4 patients (3.2%) died, 2 in 

each group. In the first group, one patient died  from 

internal bleeding from pancreaticojejunostomy site 

secondary to pancreatic fistula and the other one died 

from cardiac arrhythmia. In the other group one patient 

also died from internal bleeding from 

pancreaticojejunostomy site secondary to pancreatic 

fistula and the other patient died from chest infection.  

Concerning the postoperative sequelae, 31 patients 

(86.11%) resumed oral intake within 10 days from the 
operation and 3 patients (8.33 %) after 10 days. The fat 

contents of the stool was less than 3gm/24 hours (i.e no 

steatorrhea) in 22 patients (61.11 %).  24 patients (66.67 

%) gained weight 3 months after operation. In a study 

by Ayman El Nakeeb et al [30], they also compared 

isolated roux loop pancreaticojejunostomy versus 

pancreaticogastrostomy after pancreaticodoudenectomy. 

In their study, the median days to resume oral intake in 

both groups were 6 (range from 4 to 30 days). Also, in 

that study, the postoperative steatorrhea occurred in a 

total of 27 patients in both groups (32.53%). After 

publishing this study, we hope that other surgeons use 
this technique and do more studies to further evaluate it.  

 

Conclusion: 
Performing small aperture in the jejunal stump is 

crucial in preventing leakage after 

pancreaticojejunostomy and was performed in this 
study with a 14 G trocar. 
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