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Introduction

The pancreatico-enteric anastomosis has widely been 
regarded as the ‘Achilles heel’ of the modern day, single-
stage, pancreatoduodenectomy (PD). Depending on the 
definition used, a leak from the anastomosis [postoperative 
pancreatic fistula (POPF)] has been reported to contribute 
to up to 45% of complications following PD (1). Over 
the years, considerable effort has gone into uncovering 
the factors that contribute to the poor outcome of a 
pancreatico-enteric anastomosis (soft pancreatic gland 
texture, small pancreatic duct at the level of anastomosis), 

as well as, developing scientifically-backed strategies to 
mitigate these factors (use of somatostatin analogues, 
transanastomotic stents, use of magnification) (2-6). 
Adherence to the basic principles of surgical reconstruction 
including performance of the anastomosis with care, using 
fine sutures, minimising the handling the pancreatic stump 
and bowel loop, ensuring a good blood supply (healthy and 
viable tissue being anastomosed), and absence of tension (4) 
or distal obstruction have been widely espoused. And while 
there has been a persistent drive, over the years, towards 
developing and improving the technique of pancreatico-
enteric anastomosis, clinically-relevant POPF occurs 
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in 11% of patients (7) and POPF-related mortality has 
continued to remain 1% over the last 25 years (8). 

This review will provide an overview of the evolution 
of the pancreatico-enteric anastomosis following PD, the 
spectrum of anastomoses performed around the world, 
and finally present the current evidence in support of each 
anastomosis.

The history of pancreatico-enteric anastomoses

Codivilla performed the first en bloc excision of the head 
of the pancreas for pancreatic cancer (9). However, he did 
not perform a pancreatico-enteric anastomosis as part of 
the reconstruction. In fact, the first person to attempt a 
pancreatico-enteric anastomosis following a transduodenal 
partial PD was William Halsted (10). In 1898, he implanted 
the pancreatic duct into the repaired line of incision of the 
duodenum. He reported no POPF, an outcome that was 
also noted by other surgeons such as Koerte, Navarro, Kerr, 
Bohm, Schussler and Slaymer following transduodenal 
ampullary excision (11). However, for nearly 4 decades 
thereafter, surgeons in the United States performed 
pancreatic head resections without attempting to restore 
pancreatico-enteric continuity based on their philosophy 
that the activated enzyme-rich pancreatic juice entering the 
intestine was the cause for anastomotic failure. They also 
subscribed to the belief that the pancreatic capsule did not 
lend itself to an anastomosis or that the anastomosis would 
eventually get obstructed and patients could survive without 
pancreatic juice (5). Despite these perceptions, in Europe, 
Desjardins (in a human cadaver model) (12) and Coffey 
(in the canine model) (13) continued their experimental 
work in the early 20th century attempting to ascertain the 
best method to restore pancreatico-enteric continuity. 
In 1912, Walter Kausch (14) described his two-staged 
PD for an ampullary cancer on a 49-year-old man with 
obstructive jaundice in which he fashioned a pancreatico-
enteric anastomosis by suturing the transected end of 
the duodenum over the pancreatic stump. The patient 
succumbed in 9 months due to an ongoing bile leak and 
cholangitis from the unaddressed cut end of the common 
bile duct. Similar procedures were performed by Tenani in 
1922 (11) and Nemenyi in 1935 (15).

By 1941, Allen Whipple began to appreciate that two 
important contributors to PD-related morbidity were 
pancreatic fistulae from the oversewed ducts, in the 
short-term, and fat indigestion necessitating pancreatic 
extracts in the long-term (16). By 1945, he reported 

the success of his single-staged procedure with the 
‘implantation’ of the pancreatic duct into the jejunum 
below the choledochojejunostomy (17). Whipple believed 
this would obviate the development of the hitherto 
reported fatty liver degeneration because of pancreatic 
occlusion. However, Whipple was not the first American 
surgeon to successfully restore pancreatico-enteric 
continuity following a PD. History bears witness to the 
fact that Verne Hunt, from California, performed a total 
duodenectomy and cautery excision of part of the head 
of the pancreas, for an adenocarcinoma of the papilla of 
Vater, and successfully reconstructed the duct of Wirsung 
by a pancreaticojejunostomy (PJ) on the 5th of March 1941 
at St. Vincent’s hospital (11). Zinninger, too, reported 
performing a PJ at about the same time (18). Cattell (19), 
on the other hand, remained undecided about the whether 
to oversew the cut end of the pancreas, or anastomose it to 
the jejunum. He suggested combining a ‘necrosing suture’ 
ligation of the main pancreatic duct in the event of a small 
pancreatic duct and then suturing the jejunum around the 
cut surface of the pancreas. Varco advised suturing the 
pancreatic duct (implanting) into the jejunal wall using a 
two-hole catheter (20).

Following the initial mixed reports of experimental 
implantation of the pancreatic duct into the duodenum and 
jejunum as well as the high mortality rate accompanying 
‘blow outs’ that accompanied merely oversewing the 
pancreatic duct (the most common practice prior 
to 1940), Tripodi and Sherwin performed the first 
experiments in dogs attempting what we now recognise 
as a pancreaticogastrostomy or PG (21). Person and 
Glenn (22) and Wells and Annis (23) also pursued this 
line of investigation in canine models owing to the clinical 
concerns of PJ anastomotic leaks. They believed that the 
pH and enterokinase in the jejunum, were key to converting 
trypsinogen into trypsin resulting in the digestion of the 
anastomosis. Ironically, the outcomes of experimental PG 
were not that impressive either. Some of the most elaborate 
and exhaustive work on experimental PG in the canine 
model was performed by Ferguson and Wangensteen 
comparing outcomes following direct suture anastomosis, as 
well as over stents, of the pancreatic duct to the duodenum, 
jejunum and stomach (24). Kauer and Glenn took on board 
findings from the canine model work on PG as well as 
reports of clinical outcomes by Whipple. They predicted 
that the ideal operation for pancreatic cancer would require, 
amongst other aspects, restoration of pancreatico-enteric 
continuity by transplanting the remnant pancreas into the 
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posterior wall of the stomach (25). The first to successfully 
perform a PG were Waugh and Clagett (26) in a cohort of 
30 patients (26). The rationale provided for PG being an 
improved alternative to PJ include the suggestion that the 
anastomosis is tension-free (since the body of the pancreas 
forms the bed of the stomach and the weight of biliary and 
pancreatic secretions pooling up in the jejunum exerting 
a traction effect on the anastomosis is obviated), well 
vascularized (considering the robust gastric blood supply), 
without risk of activation of pancreatic enzymes or mixing 
of the pancreatic and biliary secretions (27,28).

This initial body of experimental and clinical work led to 
an appreciation of the importance of restoring the flow of 
pancreatic juice into the gastrointestinal tract to enable fat, 
carbohydrate and protein digestion. Thus, the pancreatico-
enteric anastomosis (PJ or PG) became an established 
component of reconstruction following PD. Thereafter, 
what followed was essentially a series of attempts by 

surgeons to introduce minor modifications in PJ/PG with 
an aim to improve the safety of the anastomosis by reducing 
the pancreatic fistula rate of 19.5% and a mortality rate of 
29.2% associated with PD (16).

Types of pancreatico-enteric anastomosis

Table 1 provides a broad overview of the various types of 
pancreatico-enteric anastomosis (26,29-34). Fingerhut and 
colleagues have advised that the appropriate nomenclature 
when describing pancreatico-enteric anastomosis should be 
such that if the duct is joined to the mucosa of the bowel, 
then the anastomosis should preferably be referred to as 
pancreatico-enteric. Alternatively, if ductal sutures are not 
included, then the term pancreato-enteric anastomosis is 
sufficient (35).

The duct-to-mucosa PJ has certainly evolved over the 
decades from the initial reports (31,36) wherein the duct 
was anastomosed to the jejunum over a tube with the 
rest of the pancreas parenchyma sutured off/oversewed 
with mattress sutures, to the current two concentric 
layered anastomosis including the rest of the pancreatic 
parenchyma in the anastomosis without the need for duct 
intubation described by Blumgart (37,38). The end-to-side 
PJ is generally performed as a four-layered anastomosis 
approximating pancreatic capsule and parenchyma to the 
seromuscular layer of the jejunum in the first and fourth 
layers and duct to mucosa in the middle two layers (39). 
The only major difference in the inversion or invaginating 
end-to-side anastomosis (Figure 1) and the duct-to-
mucosa end-to-side anastomosis is in the size of the jejunal 
opening—a wide jejunal opening matching the diameter 
of the cut surface of the pancreas in the former and a 

Figure 1 Diagrammatic representation of the invaginating end-to-
side pancreaticojejunostomy. 

Table 1 Types and techniques of Pancreatico-enteric anastomoses 

Type of anastomosis Surface involved in anastomosis Technique of anastomosis Technique first described by Reference

PJ End-to-end Direct suturing Child CG III (29)

Invagination/dunking Aston & Longmire (30)

End-to-side Invaginating Aston & Longmire (30)

Duct-to-mucosa Whipple AO (31)

PG End-to-side Direct suturing Waugh & Clagett (26)

Invaginating/telescoping Wells et al. 
Mackie et al. 

(32)
(33)

Duct-to-mucosa Telford & Mason (34)

PJ, Pancreatojejunostomy; PG, pancreaticogastrostomy.
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‘pin-hole’ opening in the jejunum in the latter (Figure 2). 
The authors have successfully resorted to the use of an 
interrupted end-to-side invaginating PJ using just the two 
outer layers in high risk anastomoses (soft texture with 
a small unidentifiable duct in which placement of ductal 
sutures is not feasible) (40,41).

Variations in the performance of PJ and PG

Numerous variations to both, the PJ and PG, have been 
described largely because the ideal anastomotic technique for 
a soft/fatty or even brittle pancreas with a small duct (<3 mm) 
remains elusive. Shinchi and colleagues (42) described 
the use of a single layer of transfixing sutures between 
the pancreatic remnant and the posterior gastric wall to 
reinforce the duct-to-mucosa PG. Shuyou Peng described 
his ‘binding’ PJ technique in 2002 to help overcome the 
problems of a soft pancreas (43). The technique involved 
several specific steps, namely, isolating the pancreatic 
remnant for 3 cm, everting and ablating (electro-coagulation 
or chemical) the distal 3 cm of the exposed mucosa of the 
cut end of jejunum, suturing the pancreas to the jejunal 
mucosa (avoiding the seromuscular layer) with intermittent 
or continuous silk, wrapping the pancreatic stump with the 
everted jejunum and securing it in place with a few sutures, 
and finally looping a catgut tie 1 cm from the cut end of 
jejunum. The anastomosis is then tested to ensure water-
tight closure. While Peng initially reported a 0% POPF 
rate from 150 patients in whom he performed the ‘binding’ 
PJ (44), by 2011, he himself reported that the technique was 
fraught with two risks, namely, a size discrepancy between 
pancreas stump and jejunum, and the risk of the pancreatic 
fixation sutures leading to exudation of pancreatic juice into 

the abdominal cavity. Thus prompting him to propose his 
‘binding’ PG (45) which involved isolating the pancreatic 
stump for 2 cm, excising a piece of seromuscular layer of the 
posterior gastric wall (the size being equivalent to pancreatic 
stump and the location corresponding to it, as well,) with 
a preplaced purse-string seromuscular suture, and the 
pancreatic stump is then invaginated through a small 
incision in the mucosal layer. Using an anterior gastrotomy, 
the edge of the mucosal opening at the posterior gastric 
wall is held up by forceps forming a mucosal tube, around 
which the second purse-string suture is pre-placed. Finally, 
the two purse-string sutures are tied around the pancreas 
that is drawn into the gastric lumen. 

Fernandez-Cruz and colleagues (46) proposed the 
construction of an end-to-side, duct-to-mucosa anastomosis 
(with an internal pancreatic duct silastic stent) of the 
transected pancreas to a tube of stomach they termed ‘gastric 
partition’ following a pylorus-preserving PD. The ‘Gastric 
partition’ is carried out using two endo-GIA staplers 
along the greater curvature of the stomach, 3 cm from 
the border after preserving the gastroepiploic arcade. The 
resultant gastric segment of 10 to 12 cm length is placed in 
close proximity to the cut edge of the pancreatic stump to 
facilitate the anastomosis. The duodeno-jejunostomy and 
hepaticojejunostomy are then constructed downstream. 

To facilitate the performance of a duct-to-mucosa PJ 
even in patients with small pancreatic ducts, the authors 
have previously proposed the use of the ‘duct evagination’ 
technique (47) which involves the placement of interrupted 
5-0 suture ties around the entire circumference of the 
pancreatic duct.

Zhang and colleagues have described their ‘papillary-
like main pancreatic duct invagination’ technique (48) in 
which 1 to 1.2 cm of the pancreatic duct is isolated from 
the surrounding parenchyma is moulded into a ‘fish mouth-
like’ shape with the pancreatic duct protruding out of the 
stump. The pancreatic stump (excluding the protruding 
duct) is then closed with interrupted inverting sutures. The 
anastomosis thereafter essentially proceeds like a duct-to-
mucosa four layered anastomosis with the duct invaginating 
into the jejunum.

Another variation to PJ is the performance of the 
anastomosis of the pancreas to an isolated Roux limb of 
jejunum (49) with an aim to divert the biliary secretions 
away from the PJ and ensure that even if a POPF does 
develop after the anastomosis, the effluent from the leak will 
consist of ‘pure’, unactivated, and thus harmless pancreatic 
juice (50).

Figure 2 Diagrammatic representation of the duct-to-mucosa 
pancreaticojejunostomy. 
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Anastomosis over stents

Anastomosing the pancreatic duct to the jejunum or 
stomach was performed over an internal (rubber tube) 
stent by Whipple (31) and Wells (32). Thereafter, surgeons 
attempted to perform the anastomoses over stents that were 
exteriorised (controlled fistula) (2,51). Today, most surgeons 
would perform an anastomosis without a stent, although, 
the use of stents is not uncommon. Some surgeons 
have even attempted, rather unsuccessfully, to develop 
biodegradable internal stents (52).

Use of supporting/reinforcing material

Tashiro and colleagues (53) proposed the use of a fibrin glue 
biological adhesive as a reinforcing layer to the PJ in order 
to reduce the risk of POPF. Moriura and colleagues (54)  
instead suggested that wrapping the PJ as well as the 
retroperitoneal vessels had the potential to reduce the 
incidence of POPF as well prevent haemorrhage from the 
vessels in case the anastomosis did leak.

The most commonly performed pancreatico-enteric 
anastomosis around the world is the PJ (88.7%) followed 
by the PG (9.7%) (55). The most commonly performed 
variations of the two-main anastomoses include the duct-to-
mucosa, end-to-side PJ, followed by the invaginating end-
to-side or end-to-end (Figure 3) PJ, and the invaginating or 
duct-to-mucosa, end-to-side PG (Figures 4,5). The use of 
stents, as well as, reinforcements is highly variable (55).

The effect of the type of suture material (absorbable 
versus non-absorbable) used to perform the pancreatico-
enteric anastomosis, as well as, the technique of suturing 
has also been analysed with respect to the development of 
POPF. Suture material induces changes in the pancreas 
akin to acute pancreatitis thus supporting the rationale 
for thinner, and fewer, sutures (56). While there exists 
significant variability in the type of material used amongst 
surgeon around the world (55), an absorbable monofilament 
(e.g., polydioxanone, Maxon, Monocryl) is favoured for the 
inner layer of a duct-to-mucosa anastomosis, while the non-
absorbable braided (e.g., silk, polyester) and absorbable 
monofilament sutures are equally favoured for the outer 
layer of the anastomosis. There is evidence from a single 
study to suggest a lower severity of POPF with the use of 
non-absorbable sutures versus absorbable sutures (57). In 
fact, polyester resulted in a significantly lower POPF rate 

Figure 3 Diagrammatic representation of the end-to-end dunking/
invaginating pancreaticojejunostomy.

Figure 4 Diagrammatic representation of the duct-to-mucosa 
pancreaticogastrostomy.

Figure 5 Diagrammatic representation of the invaginating end-to-
side pancreaticogastrostomy.
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compared to polydioxanone (12% vs. 32%; P<0.01) (57). 
Studies comparing the performance of a continuous versus 
an interrupted suture anastomosis favour the use of the 
continuous technique for PJ (58,59). 

Results

While the surgical fraternity are all agreed that restoration 
of the flow of pancreatic juice into the intestine is an 
important component of the reconstruction following a PD, 
the choice of location of the anastomosis, as well as, the 
technique has been the focus of research and surgical debate 
over the last few decades. 

PG vs. PJ

The most updated meta-analysis (60) comparing PJ 
versus PG that included 10 randomised controlled trials 
(RCTs) and 1,629 patients concluded that while there 
was no difference in the two anastomotic techniques in 
terms of biliary fistula, morbidity, and mortality, PG was 
associated with a significantly lower risk of POPF (OR: 0.72; 
P<0.009). Interestingly, when Crippa and colleagues (61)  
analysed the same data taking into consideration the 
significant heterogeneity in the included studies in terms 
of the definitions of POPF, perioperative management, and 
characteristics of pancreatic gland there was no significant 
difference in the rate of overall and clinically significant 
POPF, morbidity, mortality, reoperation, and intra-
abdominal sepsis when PG was compared with all types PJ. 
Comparison of the various technical modifications between 
the two anastomotic techniques failed to demonstrate a 
significant difference in outcomes.

A multinational analysis has revealed that PG is 
associated with a significantly higher clinically-relevant 
POPF rate as compared to PJ (62) in anastomoses regarded 
as high-risk by the Fistula Risk Score (FRS) (63). The use of 
mitigation strategies such as selective prophylactic drainage, 
and the omission of octreotide and internal stents, however, 
may help reduce the risks associated with the performance 
of a PG (64). 

Variations in PJ

In another recent meta-analysis (65) comparing the results 
of 8 RCTs and 850 patients who underwent the duct-to-
mucosa or invagination technique of PJ, no significant 
difference in POPF, morbidity, mortality or reoperation rate 

was noted. Patients undergoing the duct-to-mucosa PJ had 
a significantly shorter postoperative hospital stay (P<0.02).

There is no significant difference in POPF rates between 
the binding technique of PJ as compared to other variations 
of PJ (66).

Roux limb PJ

A meta-analysis that included 3 RCTs and 4 controlled 
clinical trials (total of 802 patients) compared the standard 
single loop reconstruction versus the dual-loop (Roux-en-Y) 
PJ (67). Performance of the PJ to an isolated Roux limb did 
not show any superiority to the standard reconstruction in 
terms of POPF, delayed gastric emptying, haemorrhage, 
overall morbidity, mortality, reinterventions, reoperations, 
and length of hospital stay. 

Pancreatico-enteric anastomoses over stents

The role of stents across pancreatico-enteric anastomoses 
has been well studied in a recent Cochrane review (68). The 
quality of evidence comparing the use of stents versus no 
stent in terms of development of POPF was low, precluding 
the derivation of any valid conclusions. The same set of 
problems have plagued the evidence comparing the use of 
internal versus external stents. Moreover, the use of internal 
stents is fraught with the risk of migration in up to 17% of 
patients (8).

Albeit, while the routine use of externalised stents across 
the pancreatico-enteric anastomosis is not supported in 
literature (69), there is some evidence that their use in high-
risk patients (FRS 7-10) may lead to a significantly reduced 
rate of clinically relevant POPF (70).

Fibrin glue

Based on the findings of the only RCT (71) that filed to find 
a benefit for the use of glue in preventing POPF, a review 
of the literature (72) concluded that the evidence to support 
the use of glue to seal even a high-risk anastomosis was 
lacking. A more recent Cochrane review has confirmed that 
fibrin sealants do not prevent POPF (73).

Omental wrapping of the pancreatico-enteric anastomosis

Based on a systematic review of the low level of evidence in 
literature that included 12 studies, Ramia and colleagues (74)  
indicated that there was no justification for routine omental 
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wrapping of the pancreatico-enteric anastomosis and 
vessels.

Discussion 

These data support the need for routine performance of 
pancreatico-enteric anastomosis following PD. However, 
there is no conclusive evidence in literature that any 
technique is better than the other (7) except in the setting of 
a high-risk anastomosis (by FRS score) wherein a PJ would 
be preferred to a PG (62). There is no evidence to support 
the routine use of stents, fibrin glue or omental wrapping. 

Given the lack of superiority of one technique over the 
other, it is imperative that surgeons adopt a well-established 
method of anastomosis and espouse the basic principles of 
surgical reconstruction. The impact of standardising one’s 
technique of anastomosis to achieve improved outcomes (39)  
has been previously demonstrated. The ability to reach 
the stage of standardisation rests on a surgeon’s ability to 
critically audit his/her own outcomes at regular intervals 
and introduce changes that would enable the performance 
of a safe and reproducible anastomosis with a low clinically-
relevant POPF rate [<11% (75)]. The repeated performance 
of the same technique of anastomosis that leads to an 
unacceptably high POPF rate is not standardisation, 
but surgical hubris at its worst! Pancreatic surgeons 
should also familiarise themselves with the various fistula 
mitigating strategies and the evidence to back their use. 
Such knowledge is likely to prove useful when faced 
with a difficult to manage pancreatic stump requiring 
reconstruction (62). 

The pursuit of perfection and achieving a ‘zero percent’ 
POPF rate remains a dream of every pancreatic surgeon. 
While the evidence remains equivocal in terms of outcomes 
across the board, in high-risk anastomoses, the use of 
externalised stents has been shown to mitigate the risk (62) 
of development of clinically relevant POPF (1).

Conclusions

Pancreatico-enteric anastomosis is an important component 
of reconstruction following PD even though it is fraught 
with the risk of development of a POPF. There is no 
difference in POPF rates between PG and PJ, as well as 
individual variations, except in a high-risk anastomosis 
where performance of a PJ may be preferred. The routine 
use of glue, trans-anastomotic stents or omental wrapping 
is of no proven benefit. Externalised trans-anastomotic 

stents may have a role in mitigating the risk of a clinically 
relevant POPF in high-risk anastomoses. Adherence to the 
tenets of anastomotic reconstruction and performance of 
a safe and reproducible anastomosis with a low clinically-
relevant POPF rate remain the mainstay of achieving the 
best outcomes. Appropriate selection and opportune use 
of fistula mitigation strategies may help provide optimal 
outcomes when faced with the need to perform a high-risk 
pancreatico-enteric anastomosis.
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