
Original Article  719

© 2023 The Egyptian Journal of Surgery | Published by Wolters Kluwer - Medknow� DOI: 10.4103/ejs.ejs_85_22

This is an open access journal, and articles are distributed under the terms 
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non-commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

Department of Hepatopancreatobiliary and 
Liver Transplant, National Liver Institute (NLI), 
Menoufia University, Menoufia, Egypt

Correspondence to Wael Abd-Elkawy, MD, 
Department of Hepatopancreatobiliary and Liver 
Transplant, National Liver Institute (NLI),  
Menoufia 32951, Egypt 
Tel: +01063205254;
e-mail: waelsameir@gmail.com

Received: 04 April 2022
Revised: 28 April 2022
Accepted: 08 May 2022
Published: 04 January 2023

The Egyptian Journal of Surgery 2023,  
41:719–726

Early outcome of different techniques for pancreatic anastomosis 
in pancreaticoduodenectomy
Hazem Zakaria, Hossam Soliman, Wael Abd-Elkawy, Amr Sadek,  
Esam Salah Eldeen

Background
The ideal technical pancreatic reconstruction following pancreaticoduodenectomy (PD) 
is still debated, and postoperative pancreatic fistula (POPF) is one of the most common 
complications after PD. The aim of the study was to assess the surgical outcomes of 
four techniques of pancreatic anastomosis: duct-to-mucosa pancreaticojejunostomy 
(DMPJ), invagination (binding) pancreaticojejunostomy (IPJ), duct-to-mucosa 
pancreaticogastrostomy (DMPG), and invagination pancreaticogastrostomy (IPG).
Patients and methods
Consecutive patients treated by PD at our center were randomized into either group. 
The primary outcome measure was the rate of POPF, delay gastric emptying (DGE), 
and postpancreatictomy hemorrhage (PPH), and secondary outcomes included 
operative time, postoperative morbidity, and mortality using the Clavien–Dindo score.
Results
A total of 120 patients treated with PD were randomized. POPF developed in 
9/42 patients in DMPJ, 4/27 patients in IPJ, 8/26 patients in DMPG, and 6/25 
patients in IPG (P=0.428). Delayed gastric emptying developed in 14/42 patients 
in DMPJ, 7/27 patients in IPJ, 9/26 patients in DMPG, and 6/25 patients in IPG 
(P=0.065). Postpancreatictomy hemorrhage developed in 3/42 patients in DMPJ, 
2/27 patients in IPJ, 3/26 patients in DMPG, and 3/25 patients in IPG (P=0.670). 
The median operative time was significantly shorter in IPG (370 ± 78.6) and DMPG 
(420.9 ± 69.16 min) than IPJ (422.4 ± 90.8) and DMPJ (458.5 ± 84.3) (P=0.003). 
There was no statistically significant difference regarding the Clavien–Dindo score.
Conclusion
There are many pancreatoenteric anastomosis techniques either in the jejunum 
or stomach and it should depend on the surgeon’s experience, the size of the 
pancreatic duct, and the texture of the pancreas. IPG and IPJ are easier to perform 
than DMPG and DMPJ, especially in the small pancreatic duct.
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Introduction
Despite the increased indications and the reduction in 
mortality, morbidity after pancreaticoduodenectomy 
(PD) can approach 50% [1]. The morbidity and mortality 
after PD are usually related to the surgical management 
of the pancreatic stump. The postoperative pancreatic 
fistula (POPF) is the most important complication, 
the incidence of which ranges from 2.5 to 25% [2,3]. 
Several methods and techniques of pancreatoenteric 
anastomosis (PEA) have been proposed to reduce the 
rate of POPF including either pancreaticojejunostomy 
(PJ) or pancreaticogastrostomy (PG), and several 
modifications of techniques have been developed, 
including the site of jejunum used (end vs. side), type 
of anastomosis (invagination vs. duct-to-mucosa), use 
of an isolated Roux-en-Y limb, and use of fibrin glue 
and pancreatic duct stenting, but the best technique 
is still a subject of debate [4–7]. Duct to mucosa and 
invagination are the two classic techniques in both the 

PJ and PG types. Many studies have compared these 
techniques, but still, no consensus exists regarding their 
surgical outcomes [8–10].

The aim of the study was to assess the effectiveness and 
the surgical outcomes of the main four techniques of 
PEA after PD, which were performed by established 
fixed surgeons for each method.

Patients and methods
Patients
Consecutive patients who were treated by PD at 
the Surgery department of National Liver Institute, 
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Menoufia, Egypt, during the period from the first 
of May 2016 to the end of June 2021, were eligible 
for the study. The exclusion criteria included any 
patients with locally advanced periampullary tumor, 
metastases, and patients of extreme age above 80 years. 
Informed consent was obtained from all patients to 
be included in this study, after a careful explanation 
of the disease and the possible treatment options 
with its complications. The study was approved by the 
local ethical committee. All patients were subjected 
to careful history taking, clinical examination, routine 
laboratory investigation, and tumor markers such 
as CEA and CA19-9, an abdominal ultrasound, 
magnetic resonance cholangiopancreatography, and an 
abdominal computed tomography.

Randomization
All procedures were performed by the same team of 
experienced surgeons in National Liver Institute for 
each type using the same technique, same approach, and 
same anastomotic fashion to avoid technical bias. The 
patients included in the study were randomized into one 
of the four techniques according to the surgeon’s groups.

Operative techniques
There was no perioperative infusion of somatostatin 
analogs or use of adhesive sealants. All patients had 
two closed drains placed at the time of operation near 
the pancreatic anastomosis.

Duct-to-mucosa pancreaticojejunostomy group
The duct-to-mucosa pancreaticojejunostomy (DMPJ) 
was performed by the two-layer end-to-side PJ. 
The pancreatic capsule and the jejunal serosa were 
anastomosed by interrupted prolene suture 3/0 to form 
the outer layer in both the anterior and posterior walls 
of the anastomosis. Jejunostomy was done matched 
to the main pancreatic duct (MPD) diameter. The 
inner layer duct to mucosa was performed in eight to 
twelve stitches with 5/0 PDS. A pancreatic duct stent 
was inserted during the anastomosis to allow an easy 
and accurate suture placement, ensure an adequate 
pancreatic duct exposure, and protect the opposite wall 
from being inadvertently held by needles.

Invagination (binding) pancreaticojejunostomy group
The invagination pancreaticojejunostomy (IPJ) was 
performed as an end-to-end (binding) procedure as 
proposed by Peng et al. [11,12]. The jejunal wall was 
pressed to the intussuscepted pancreatic stump by 
sutures placed similarly to a ligature. First, the 3 cm of 
the pancreatic stump was isolated from the surrounding 
tissues, the corresponding 3 cm of the intestinal wall 
was everted by a few stitches and the mucosa of this 
part was cauterized. Then, the pancreatic stump was 
attached to the jejunum by sutures placed on the edge 
of the everted mucosa. The jejunum was carefully 

compressed by a ligature placed around the intestine, 
1.5–2 cm from the proximal end of the intussuscepted 
pancreatic stump.

Duct-to-mucosa pancreaticogastrostomy group
The duct-to-mucosa pancreaticogastrostomy (DMPG) 
was performed by the two-layer end-to-side PG. 
A polyethylene 5-cm feeding tube, 5.0- or 7.5-Fr was 
introduced into the MPD to ensure its patency. Then, 
a stab 5-mm transverse full-thickness incision was 
made in the posterior wall of the stomach opposite to 
the MPD end. Next, anastomosis between the MPD 
and the gastric mucosa was done using 4/0 prolene 
sutures at the four quarters. Four 3/0 prolene sutures 
were secured between the capsule of the pancreas about 
2 cm away from the edge line and about 1 cm deep in 
the pancreatic tissue and the corresponding area of the 
seromuscular layer of the posterior wall of the stomach.

Invagination pancreaticogastrostomy group
The pancreatic remnant was mobilized to provide a 
3–5-cm stump for burying into the stomach without 
tension. Then, single interrupted monofilament 4/0 
sutures were placed through the anterior part of the 
pancreatic capsule (parallel to the axis of the pancreas, 
1 cm from the cut edge) and through the seromuscular 
layer of the stomach. A transverse full-thickness incision 
was created in the posterior gastric wall proximal to the 
antrum, with a length of at most 2/3rd the diameter of 
the pancreatic stump, to ensure tight adherence of the 
gastric wall to the pancreatic remnant. The posterior 
stomach wall was pushed over the pancreatic remnant. 
Then multiple mattress sutures were taken with prolene 
2/0 on the posterior wall around the pancreatic stump.

Data collected
Preoperative data included patients’ age, sex, weight, 
symptoms, and signs; ASA physical status; comorbidities; 
laboratory tests; tumor markers; and preoperative biliary 
drainage. Intraoperative data included tumor size, MPD 
diameter, the texture of the pancreas, operative time, 
blood loss, and blood transfusion. Postoperative data 
included postoperative complications [POPF, DGE, 
and PPH], postoperative stay, re-exploration, hospital 
mortality, postoperative pathology, surgical safety 
margins, and postoperative interventions.

Assessments
POPF was defined by the International Study Group of 
Pancreatic Fistula (ISGPF) as any measurable volume 
of fluid on or after postoperative day (POD) 3 with 
amylase content greater than three times the serum 
amylase activity [13]. According to the new grading 
by the International Study Group on Pancreatic 
Surgery (ISGPS) [14,15], the outcomes were divided 
into ‘biochemical leak’, ‘B’ and ‘C’ grades. The formerly 
‘grade A’ biochemical leak was no longer considered a 
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true pancreatic fistula or an actual complication, so was 
called a ‘biochemical fistula,’ without a clinical effect 
or deviation in the normal postoperative pathway or 
postoperative stay. DGE was defined by ISGPS as the 
inability to tolerate a solid diet on POD 7, prolonged 
nasogastric intubation until third POD, or the need 
for reinsertion of a nasogastric tube for persistent 
vomiting by POD 3.  The outcomes were divided 
into grades ‘A,’, ‘B,’ and ‘C’ [16]. PPH was defined by 
ISGPS by three parameters, including onset, location, 
and severity. The onset is either early (< or=24 h after 
the end of the operation) or late (>24 h), the location is 
either intraluminal or extraluminal, and the severity of 
bleeding may be either mild or severe. The outcomes were 
divided into grades ‘A,’ ‘B,’ and ‘C’ [17]. The secondary 
outcomes were operative time, postoperative hospital 
stay, and postoperative morbidities (pancreatitis and 
biliary leakage). Complications were graded according 
to their severity on a validated five-point scale using 
the Clavien–Dindo complication classification system 
(grades I, II, IIIa–b, Iva–b, and V) [18].

Follow up
Follow-up was carried out at 1 week, 3  months, 
6  months, and then after 1  year postoperatively. 
Statistical analysis was done using IBM SPSS statistics 
for windows, Version 23.0 (Armonk, NY: IBM Corp.). 
Descriptive statistics were calculated and described as 
median (range) for continuous variables. Categorical 
variables were represented using percentages. The 
Student t test for paired samples was used to detect 
differences in the means of continuous variables, and 
the χ2 test was used for categorical variables. P values 
less than 0.05 were significant.

Results
Preoperative data
A total of 120 patients who underwent PD were 
eligible and included in the study. Of them, 75 (62.5%) 
were men and 45 (37.5%) were women. The median 
age was 55.5 years. The preoperative data of groups are 
presented in Table 1.

Intraoperative data
The intraoperative data were comparable in both groups 
regarding tumor size, MPD diameter, the texture of the 
pancreas, the median intraoperative blood loss, and blood 
transfusion (Table 2). The mean total operative time was 
458.5 min in the DMPJ group, 422.4 min in the IPJ 
group, 420.96 min in the DMPG group, and 370 min in 
the invagination pancreaticogastrostomy (IPG) group 
(P=0.003). However, the mean operative time for the 
pancreatic anastomosis was 44.62 min in the DMPJ 
group, 40.74 min in the IPJ group, 43.85 min in the 
DMPG group, and 42.2 min in the IPG group (P=0.437).

Postoperative data
There were no significant differences among the four 
groups regarding the postoperative data (Table 3). POPF 
developed in nine (21.4%) patients in the DMPJ group, 
four (14.8%) patients in the IPJ group, eight (30.7%) 
patients in the DMPG group, and six (24%) patients 
in the IPG group (P=0.428). Ultrasound-guided tubal 
drainage for the intra-abdominal collection was required 
in three (7.1%) patients in the DMPJ group, no patient in 
the IPJ group, four (15.4%) patients in the DMPG group, 
and four (16%) patients in the IPG group (P=0.139).

Histopathological data
Regarding histopathological examination, there was no 
statistical difference among the four groups (Table 4).

Mortality
The hospital mortality in this study was four (3.33%) 
patients, with one patient in each group (P=0.139). The 
causes of death were sepsis and multiorgan failure after 
re-exploration for pancreatic leakage and lavage in two 
(1.67%) patients, cerebral stroke in one (0.83%) patient, 
and sudden cardiac arrest in one (0.83%) patient.

Risk factors for POPF
In univariate analysis of the potential risk factors 
(preoperative, intraoperative, and postoperative) 
for POPF were diameter of MPD (P-value 0.047), 
texture of the pancreas (P-value 0.030), operative time  
(P-value 0.017), and the blood loss (P-value 0.046). 
While in multivariate analysis there was no independent 
risk factors for POPF.

Discussion
The safe pancreatic anastomosis after PD continues to be 
a stump for the pancreatic surgeon even at high-volume 
centers. Although PJ is the most common method for 
PEA, several techniques and modifications of pancreatic 
anastomoses have been proposed [8–10]. Despite the 
lowering of the mortality rate to 5%, postoperative 
complications are still high up to 50% [1]. POPF remains 
the most important cause of morbidity and contributes 
significantly to a prolonged hospital stay, increased costs, 
and mortality [2,3]. Intra-abdominal abscess, bleeding, 
and sepsis are common sequelae of POPF, which have 
been associated with a high mortality rate. Many studies 
have demonstrated that many factors are significantly 
associated with POPF, including obesity, cirrhotic 
liver, soft pancreas, small MPD diameter, location of 
the pancreatic duct within 3-mm distance from the 
posterior edge, the technique, and type of pancreatic 
reconstruction [19–24].

Ideally, the pancreatic reconstruction should decrease 
not only the risk of POPF but also its severity if occurred 
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and maintain pancreatic function. PJ and PG are the 
commonly preferred method of reconstruction after 
PD. To prevent POPF after PD, there have been many 
technical modifications for pancreatic reconstruction.

Some studies showed that the PJ anastomoses were 
associated with a lower rate of POPF and severity 
with a decrease in postoperative hospital stay than PG 
anastomoses [4,25,26], whereas other studies showed 

the opposed issue [27–29], but actually some studies 
showed that were no statistical differences between PJ 
and PG [30–34]. In our study, there was no significant 
difference regarding POPF between both techniques.

Regarding the comparison between the duct-to-mucosa 
technique and the invagination technique, some studies 
showed that the duct-to-mucosa techniques were 
associated with a lower rate of POPF in the low-risk 

Table 1 The preoperative data of the groups

DMPJ (N=42) [n (%)] IPJ (N=27) [n (%)] DMPG (N=26) [n (%)] IPG (N=25) [n (%)] P value

Age (years)

  Mean±SD 56.10 ± 10.08 56.85 ± 10.42 56.31 ± 10.45 56.64 ± 8.47 0.990

  Range 38–73 28–35 42–74 75–73  

Sex

  Male 26 (61.9) 19 (70.4) 16 (61.5) 14 (56) 0.758

  Female 16 (38.1) 8 (29.6) 10 (38.5) 11 (44)  

Weight (kg)

  Mean±SD 77.02 ± 9.74 73.07 ± 11.64 73.19 ± 12.69 81.52 ± 7.61 0.13

  Range 55–90 50–90 49–95 65–95  

ASA physical status

  ASA I 11 (26.2) 7 (25.9) 5 (19.2) 3 (12) 0.647

  ASA II 27 (64.3) 19 (70.4) 20 (76.9) 21 (84)  

  ASA III 4 (9.5) 1 (3.7) 1 (3.8) 1 (4)  

Loss of weight 24 (57.1) 15 (55.6) 18 (69.2) 17 (68) 0.605

Jaundice 34 (81) 17 (63) 19 (73.1) 23 (92) 0.076

DM 20 (47.6) 9 (33.3) 14 (53.8) 12 (48) 0.480

HTN 16 (38.1) 9 (33.3) 14 (53.8) 9 (36) 0.422

Cardio-vascular disease 8 (19) 4 (14.8) 5 (19.2) 3 (12) 0.861

Smoking 11 (26.2) 6 (22.2) 7 (26.9) 6 (24) 0.976

Pulmonary disease 3 (7.1) 0 1 (3.8) 0 0.295

HCV 7 (16.7) 4 (14.8) 5 (19.2) 5 (20) 0.957

Total bilirubin (mg/dl)

  Median 7.9 4.1 8.2 8 0.218

  Range 0.2–29 0.37–26 0.2–30 1.8–22  

Direct bilirubin (mg/dl)

  Median 3.1 2.1 5.8 3.5 0.167

  Range 0.1–20 0.17–20 0.1–9.3 0.8–-12  

Albumin (g/dl)

  Mean±SD 3.56 ± 0.53 3.6 ± 0.61 3.45 ± 0.33 3.38 ± 0.34 0.429

  Range 2.2–4.5 2.3–4.8 3.1–4.5 2.7–3.9  

AFP (ng/ml)

  Median 5 2.7 6.6 12.2 0.383

  Range 0.3–126 1.13–67 1–126 0.3–34  

CA19.9 (U/ml)

  Median 242.5 327.5 551 230 0.133

  Range 0.6–3965 20.7–12 1–3013 12.4–5564  

CEA (ng/ml)

  Median 3.2 2.24 3.01 3.71 0.373

  Range 2 -21.8 0.5–9.79 2.2–3.82 3.71–3.71  

Tumor size (cm)

  Median 4.5 3.8 4.1 2.7 0.687

  Range 1–6.8 1.8–5.7 0.7–6.2 1.5–7.5  

Preoperative drainage

  PTD 6 (14.3) 2 (7.4) 2 (7.7) 2 (8) 0.488

  Stent 10 (23.8) 10 (37) 8 (30.8) 5 (20)  

DMPG, duct-to-mucosa pancreaticogastrostomy; DMPJ, duct-to-mucosa pancreaticojejunostomy; IPG, invagination pancreaticogastrostomy; 
IPJ, invagination (binding) pancreaticojejunostomy.
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patients with dilated pancreatic duct or firm pancreas, 
whereas invagination techniques were safer in the high-
risk patients with small pancreatic duct or soft pancreas 
[6,7,9,24]. Several studies reported a lower POPF in 
the duct-to-mucosa group than in the invagination 
group [28]. However, the advantage was not found in 
patients with soft pancreatic stumps [35,36]. Meta-
analysis studies showed that the rate of POPF was 
not statistically different between the duct-to-mucosa 
group and the Invagination  group [30,33,37]. In our 
study, no significant difference regarding POPF was 
found between both techniques.

In our study, the severity of POPF was noticed more in 
DMPJ with no significant differences. No pancreatic 
reconstruction technique after PD was found to be 
applicable to all types of pancreatic stumps. Tailored 
pancreatic reconstruction is the best way to overcome 
the complications related to the type of reconstruction, 
especially with small MPD and a soft fragile pancreas 
[38,39]. In our study, the univariate analysis of 
the potential risk factors for POPF were diameter 
of MPD (P-value 0.047), texture of the pancreas  
(P-value 0.030), operative time (P-value 0.017), 
and the blood loss (P-value 0.046). The same results 
presented by many studies where the soft friable 
pancreatic tissue can be problematic for invagination as 
the parenchymal laceration and ischemia of the stump 
can occur because of extensive sutures and compression 
which lead to POPF. The small MPD makes duct-
to-mucosa difficult and liable to inaccurate suture 

placement and obstruction. In duct-to-mucosa, the 
mucosal folds and edema formed around the opening 
of the MPD make it liable to the obstruction and 
development of pancreatitis and anastomotic stenosis. 
However, a potential space between the jejunal serosa 
and pancreatic stump may cause the accumulation of 
pancreatic juice because of the accessory pancreatic 
duct [40].

In our study, the DGE was reported in 36 (30%) 
patients; 14/42 patients in DMPJ, 7/27 patients in IPJ, 
9/26 patients in DMPG, and 6/25 patients in IPG  
(P value 0.065). The incidence of DGE was reported to 
in other studies widely range from 11 to 57%, and the 
overall postoperative DGE rate in most randomized 
control trials was 17.4%, with no significant differences 
between the different techniques [33]. Although the 
ISGPS criteria were strict regarding the definition 
and grading of DGE, they did not address the 
etiology. DGE is strongly linked to the occurrence of 
other postoperative complications, especially POPF. 
However, in some cases, DGE occurs in the absence 
of any associated complications ‘primary DGE,’ and 
the exact etiology and pathogenesis of it have been a 
field of controversy and hypotheses. Several hypotheses 
have been postulated in a trial to understand the 
pathogenesis of primary DGE in such cases. These 
include antroduodenal ischemia, low plasma motilin 
levels, peripancreatic inflammation, twist in the 
gastrojejunostomy, aggressive lymphadenectomy, and 
pancreatic fibrosis [41].

Table 2 The intraoperative data of the groups

DMPJ (N=42) [n (%)] IPJ (N=27) [n (%)] DMPG (N=26) [n (%)] IPG (N=25) [n (%)] P value

Method of reconstruction

  PD 8 (19) 8 (29.6) 5 (19.2) 6 (24) 0.737

  PPPD 34 (81) 19 (70.4) 21 (80.8) 19 (76)  

Diameter of MPD (mm)

  3 12 (28.6) 9 (33.3) 6 (23.1) 7 (28) 0.876

  >3 30 (71.4) 18 (66.7) 20 (76.9) 18 (72)  

Texture of pancreas

  Hard 26 (61.9) 14 (51.9) 18 (69.2) 12 (48) 0.383

  Soft 16 (38.1) 13 (48.1) 8 (30.8) 13 (52)  

Anastomosis time (min)

  Mean±SD 44.62 ± 9.3 40.74 ± 7.6 43.85 ± 11.9 42.2 ± 11.8 0.437

  Range 30–60 30–65 30–70 25–60  

Operative time (min)

  Mean±SD 458.5 ± 84.3 422.4 ± 90.8 420.96 ± 69.1 370 ± 78.6 0.003*

  Range 330–720 270–615 245–565 240–540  

Blood loss (ml)

  Mean±SD 726.2 ± 407.3 555.6 ± 237.5 592.3 ± 281.3 740 ± 423.3 0.116

  Range 200–2000 200–1000 200–1300 200–1700  

Blood transfusion (unit)

  No 8 (19) 12 (44.4) 7 (26.9) 4 (16) 0.067

  Yes 34 (81) 15 (55.6) 19 (73.1) 21 (84)  

DMPG, duct-to-mucosa pancreaticogastrostomy; DMPJ, duct-to-mucosa pancreaticojejunostomy; IPG, invagination pancreaticogastrostomy; 
IPJ, invagination (binding) pancreaticojejunostomy; MPD, main pancreatic duct; PD, pancreaticoduodenectomy.
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In our study, the PPH was reported in 11 (9.17%) 
patients; 3/42 patients in DMPJ, 2/27 patients in IPJ, 
3/26 patients in DMPG, and 3/25 patients in IPG 
(P-value 0.670). The PPH was categorized according 
to time, severity, and site of bleeding. Extraluminal 
PPH was significantly associated with POPF, such as 
erosion bleeding from the visceral arteries, which was 
successfully managed by laparotomy or angiography 
with interventional radiology (coil embolization, and 
stenting) in most cases, to avoid technically difficult 
reoperation, damage to sensitive anastomotic regions, 
and systemic inflammatory response resulting from 
operative trauma. Intraluminal PPH was associated 
with PG, which was usually treated by upper 
gastrointestinal endoscopy with failure rate during the 
first 10 postoperative days because stomach and bowel 

distension from gas insufflation can potentially damage 
PEA and bilioenteric anastomoses. In our study, the 
Grade C, was more frequent in the PG group and all 
cases treated with non-operative procedures [42].

In our study, we reported significant difference in the 
overall operative time with no difference in the anastomotic 
time , the median operative time was significantly shorter 
in IPG (370 ± 78.6) and DMPG (420.96 min ± 69.1) 
than IPJ (422.4 ± 90.8) and DMPJ (458.5 ± 84.3)  
(P-value 0.003). This was explained by differences between 
the surgeons’ experiences in each group. There was also 
evidence of a learning effect over time with increasing 
numbers of pancreatic resections over time. The surgeon’s 
experience and surgical volume were important factors in 
yielding the best outcomes [43,44].

Table 3 The postoperative data of the groups

DMPJ (N=42) [n (%)] IPJ (N=27) [n (%)] DMPG (N=26) [n (%)] IPG (N=25) [n (%)] P value

POPF

  Grade B 7 (16.7) 3 (11.1) 6 (23.1) 5 (20) 0.428

  Grade C 2 (4.8) 1 (3.7) 2 (7.7) 1 (4)  

  Total 9 (21.4) 4 (14.8) 8 (30.7) 6 (24)  

DGE

  Grade A 6 (14.3) 4 (14.8) 5 (19.2) 5 (20) 0.065

  Grade B 6 (14.3) 3 (11.1) 3 (11.5) 1 (4)  

  Grade C 2 (4.8) 0 1 (3.8) 0  

  Total 14 (33.3) 7 (25.9) 9 (34.6) 6 (16)  

PPH

  Grade A 2 (4.8) 1 (3.7) 1 (3.8) 1 (4) 0.670

  Grade B 0 0 0 0  

  Grade C 1 (2.4) 1(3.7) 2 (7.7) 2 (8)  

  Total 3 (7.1) 2 (7.4) 3 (11.5) 3 (12)  

Bile leak 0 0  0 –

GIT leak 1 (2.4) 0 2 (7.7) 0 0.240

Wound infection 6 (14.3) 3 (11.1) 2 (7.7) 5 (20) 0.609

Pulmonary 10 (23.8) 3 (11.1) 1 (3.8) 3 (12) 0.122

Reoperation 2 (4.8) 1 (3.7) 4 (15.4) 2 (8) 0.052

Clavien–Dindo score

  0 13 (31) 14 (51.9) 9 (36) 9 (36) 0.139

  I 14 (33.3) 3 (11.1) 7 (26.9) 3 (12)  

  II 10 (23.8) 8 (29.6) 2 (7.7) 7 (28)  

  IIIa 3 (7.1) 0 4 (15.4) 4 (16)  

  IIIb 1 (2.4) 1 (3.7) 3 (11.5) 0  

  IVa 0 0 0 1 (4)  

  IVb 0 0 0 0  

  V 1 (2.4) 1 (3.7) 1 (3.8) 1 (4)  

ICU stays (days)

  Median 1 1 1 1 0.057

  Range 1–12 1–5 1–7 1–8  

Hospital stays (days)

  Mean±SD 13.24 ± 6.15 10.30 ± 2.81 14.69 ± 7.12 12.68 ± 6.67 0.058

  Range 7–35 8–18 7–30 7–34  

Survival

  Dead 16 (38.1) 7 (25.9) 14 (53.8) 9 (36) 0.216

  Alive 26 (61.9) 20 (74.1) 12 (46.2) 16 (64)  

DGE, delayed gastric emptying; DMPG, duct-to-mucosa pancreaticogastrostomy; DMPJ, duct-to-mucosa pancreaticojejunostomy; IPG, 
invagination pancreaticogastrostomy; IPJ, invagination (binding) pancreaticojejunostomy; POPF, postoperative pancreatic fistula; PPH, 
postpancreatictomy hemorrhage.
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Conclusion
There are many PEA techniques either in the jejunum 
or stomach, and it should depend on surgeon’s 
experience, the diameter of the MPD, and the texture 
of the pancreas. POPF was not statistically different 
among the four types of PEAs (DMPJ group, IPJ 
group, DMPG group, and IPG group). Grades B 
and C POPFs were noticed more in DMPJ, with no 
significant differences. As reconstruction by PG was 
associated with more intraluminal bleeding events, 
we recommend careful suture hemostasis and routine 
perioperative proton inhibitor therapy. IPG and IPJ are 
easier to perform than DMPG and DMPJ, especially 
in the small pancreatic duct. We revealed that no 
significant differences were found among the four 
groups according to the ISGPS definitions of the PD 
complications such as POPF, DGE, and PPH, which 
remain a particular concern for pancreatic surgeons 
even in high-volume centers.
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