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Introduction

Pancreatic resections, whether for benign or malignant 
disease processes, are some of the most technically 
challenging operations performed by surgeons. After 
pancreatic resection the potential for the development 
of serious complications exists. One of the most serious 
complications after pancreatic resection is the development 
of a post-operative pancreatic leak or fistula, whereby 
digestive pancreatic enzymes leak out of the pancreatic 
ductal system via an abnormal connection into the peri-
pancreatic space or the peritoneal cavity, with resulting 
morbidity such as abdominal pain, ileus, fever, and 
the possibility of abscess, sepsis, and hemorrhage and 
consequently prolonged hospitalization. Importantly, 
patients with post-operative pancreatic fistula (POPF), 

leak, or abscess have been found to have a 90-day mortality 
of 5% in a single-institution report of pancreatectomy 
outcomes prospectively-collected over a five-year period (1).  
The magnitude of this complication is not insignificant; 
in a large worldwide literature search, the incidence of 
pancreatic fistula after pancreaticoduodenectomy was found 
to be 12.9% and 13% after distal pancreatectomy (2), 
and other reports detail fistula rates up to 31% for distal 
pancreatectomies (3). 

Given the need to decrease the incidence of POPF as 
well as the resulting significant morbidity and mortality, 
various techniques have been attempted to prevent the 
formation of pancreatic leak and fistula. In this report we 
review techniques for the prevention of pancreatic leak after 
pancreatectomy.
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Definition

A POPF is any abnormal connection between the 
pancreatic ductal system and the peri-pancreatic space, the 
peritoneal cavity or other body cavities, or externally to the 
skin. Leakage of enzyme-rich pancreatic fluid is typically 
diagnosed in the post-operative period via percutaneous 
drainage of a fluid collection that is found to be high in 
amylase content or via continued drainage of amylase-
rich fluid through a drain placed at the time of surgery. In 
the past, varying criteria for what constitutes POPF have 
been published in the literature; however in an attempt to 
standardize the definition of POPF an international study 
group (ISGPF) of pancreatic surgeons convened in 2005 (4).  
POPF was thus defined as drain output of any volume 
occurring on or after post-operative day 3 with amylase 
content at least three times that of serum amylase levels.

In order to standardize the reporting of POPF outcomes, 
the authors also defined three grades of POPF: Grade A 
is a transient fistula that does not have any clinical impact, 
does not delay hospital discharge, and is managed by slow 
removal of peri-pancreatic drains. Grade B POPF requires a 
change in clinical management, such as making the patient 
NPO, administering TPN, or re-positioning drains, and 
leads to a delay in hospital discharge or to a readmission. 
Grade C POPF is the most severe and requires a major 
change in clinical management such as ICU-level care, 
percutaneous drainage of undrained fluid collections, or 
operative re-exploration for further drainage or attempted 
anastomotic repair. Grade C POPF causes a major 
increase in hospitalization time as well as increased rates of 
complications and the possibility of mortality (4). 

Techniques to prevent pancreatic leak

Multiple trials using various operative techniques and 
pharmacologic agents have been conducted to evaluate for 
a decrease in or prevention of POPF. Herein we review the 
literature on techniques to decrease POPF.

Operative anastomotic construction techniques

Historical technique: ligation of the pancreatic duct

Historically the creation of a pancreatic-enteric anastomosis 
after pancreaticoduodenectomy was fraught with leak and 
complications, and thus some authors advocated simply 
ligating the pancreatic duct without re-creating continuity 
to the GI tract as a means of fistula prevention. Brunschwig 

reported on three cases of pancreatic duct ligation all 
without fistula creation in 1952 (5), and in a large report by 
Goldsmith and colleagues the POPF rate was equivalent 
between 45 patients treated with pancreatic duct ligation 
and 34 treated with anastomosis to the jejunum (6). 
Pancreatic endocrine dysfunction in the form of diabetes 
may develop after pancreatic duct ligation (7), and since 
approximately 1975 pancreatic duct ligation has been 
abandoned in favor of re-establishment of continuity of the 
pancreatic duct to the intestines (8,9).

Pancreaticojejunostomy (PJ) anastomotic techniques

Multiple techniques in anastomosing the pancreatic duct to 
the gastrointestinal (GI) tract after pancreaticoduodenectomy 
have been described in the literature. Two of the predominant 
methods of creating a PJ are an end-to-side duct-to-mucosa 
anastomosis or the invagination technique. Briefly, in the 
end-to-side duct-to-mucosa anastomotic technique, the 
jejunal limb is brought into the retroperitoneum adjacent to 
the pancreas in a retrocolic fashion. A two-layer anastomosis 
is constructed with interrupted absorbable suture material, 
beginning with a posterior row of seromuscular sutures 
securing the jejunum to the pancreas (Figure 1). The 
pancreatic duct-to-mucosa anastomosis is performed to an 
enterotomy in the jejunum with a second circumferential 
layer of interrupted sutures, taking generous amounts of 
pancreas and the full-thickness of the jejunum, followed 
by completion of an anterior layer of seromuscular sutures 
again securing the anterior aspect of the opened jejunum to 
the capsule of the pancreas. In a report by Z’graggen and 
colleagues using this technique, POPF was seen in 2.1% of 
331 patients who underwent pancreatic head resection (10).

The goal of creating an invagination PJ is to invaginate 
or “dunk” all of the cut edge of the pancreatic parenchyma 
into the lumen of the jejunum (11). The performance of 
invagination PJ anastomosis begins with a posterior row 
of interrupted seromuscular sutures bringing the jejunum 
into apposition with the pancreatic capsule (Figure 2). The 
jejunum is opened, and an inner layer of running locking 
suture is then performed taking full-thickness jejunal bites 
and large bites of the pancreatic parenchyma and capsule, 
but not of the pancreatic duct, with the goal of invaginating 
all of the cut edge of the pancreatic tissue into the jejunum. 
An anterior layer of seromuscular sutures rolling the 
jejunum onto the pancreatic capsule is then performed to 
complete the anastomosis. 

Berger and colleagues sought to compare rates of 
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POPF at the PJ with the use of the invagination technique 
versus the duct-to-mucosa technique to test the hypothesis 
that use of the duct-to-mucosa technique would lead 
to a decreased POPF rate (12). To this end the authors 
performed a randomized prospective clinical trial at two 
institutions and randomized 197 patients undergoing 
pancreaticoduodenectomy to the invagination or the duct-
to-mucosa technique; patients were stratified in both groups 
by whether the pancreatic parenchyma was hard or soft. 
POPF occurred in 17.8% of all patients, with significantly 
more POPF seen in the duct-to-mucosa group compared 
with the invagination group (24% vs. 12%, P<0.05) and with 

more POPF in soft glands (27%) than in hard glands (8%). 
The authors concluded that the pancreatic texture was the 
greatest determinant in POPF and that further studies are 
needed to determine the optimal anastomotic technique.

Modified duct-to-mucosa PJ

One variation of the duct-to-mucosa technique that bears 
noting is the transpancreatic U-suture technique with a duct-
to-mucosa anastomosis described by Grobmyer, Blumgart, 
and colleagues at Memorial Sloan Kettering Cancer 
Center and originally created by Dr. Leslie Blumgart (13).  

Figure 2 Invagination pancreaticojejunostomy.

Figure 1 Duct-to-mucosa pancreaticojejunostomy.
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In this technique an outer layer of polyglactin sutures are 
first inserted full-thickness anterior-to-posterior through 
the pancreas with subsequent seromuscular horizontal 
mattress stitches on the jejunum, followed again by a full-
thickness posterior-to-anterior bite coming up through the 
pancreas (Figure 3). Care is taken not to pass the needle 
through the pancreatic duct. The u-stitches are not tied yet, 
and a duct-to-mucosa anastomosis is then created with fine 
polydioxanone interrupted suture. The seromuscular sutures 
are then tied bringing the jejunum into close apposition 
anteriorly on the pancreas; however the suture is not yet cut. 
Lastly, the sutures with the needles still on are used to create 
an anterior seromuscular bite on the jejunum with the needle 
being brought through the pancreas under the previous 
knots. The sutures are then tied again, thus imbricating 
the jejunum over the entire pancreas. In an audit of 187 
patients with PJ anastomoses constructed by this technique, 
the authors report an overall POPF rate of 20.3%; however 
most of these were ISPGF Grade A, with only 6.9% of 
patients with Grade B or C POPF. Soft pancreatic texture 
was significantly associated with leak, and patients with 
POPF had significantly smaller diameter pancreatic 
ducts compared with patients without POPF (3 vs. 4 mm, 
P=0.008). Kleespies and colleagues published their outcomes 
data using what they call the “Blumgart anastomosis” after 
their department began to use this technique for PJ and 
abandoned the traditional duct-to-mucosa technique (14).  
They found significantly decreased leak rate with the 
Blumgart anastomosis (13% vs. 4%, P=0.032), as well as 
significantly decreased rates of postoperative hemorrhage, 

complications, and length of ICU stay. Proponents of this 
technique argue that the transpancreatic sutures minimize 
radial forces on the anastomosis, and that it is relatively 
quick to construct and easy to teach to trainees.

Binding technique for PJ creation

Another technique for creating the PJ anastomosis is the so-
called “binding” PJ reported by Peng and colleagues (15),  
in which the distal 3 cm of the jejunal loop to be used for 
anastomosis are everted and the mucosa ablated either 
by electrocoagulation or by topical treatment with 10% 
carbolic acid followed by immediate rinsing in 75% ethanol 
and normal saline (Figure 4). The proximal 3 cm of the 
pancreatic stump is then anastomosed to just the mucosa of 
the jejunum. The treated 3 cm of jejunum are then rolled 
out and intussuscepted back over the pancreas, sutured into 
place, and lastly a catgut tie is looped around the entire 
circumference of the anastomosis 1 cm from the cut edge of 
the pancreas. The authors reported a 0% POPF rate after 
the completion of 150 cases using this anastomosis, with 
an overall morbidity of 31.3% and a mean hospital stay of 
19.8±5 days (16). A subsequent prospective trial conducted 
by Peng and colleagues randomized 217 patients undergoing 
pancreaticoduodenectomy to traditional PJ anastomosis 
or binding PJ anastomosis (17). Leak was seen in 8 of 111 
(7.2%) conventional PJ patients compared with 0 of 106 
binding PJ patients (P=0.014), and complications were 
reported in 36.9% of conventional PJ patients compared 
with 24.5% of binding PJ patients (P=0.048), including 6.3% 

Figure 3 Modified duct-to-mucosa pancreaticojejunostomy—Blumgart anastomosis.
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perioperative mortality in the conventional group and 2.8% 
mortality in the binding group (P=NS). Subsequent trials 
of binding PJ conducted in Europe have not replicated the 
impressive rate of POPF. A case-control study 22 binding 
PJ and 25 conventional PJ patients found no difference in 
the rate of POPF, with longer delay in POPF healing as 
well as increased postpancreatectomy hemorrhage in the 
binding group (18). Similarly, a recent prospective two-
institution trial of 69 binding PJ patients compared to 52 
conventional PJ historical control patients demonstrated 
significantly shorter hospital stay in the conventional PJ 
patients. Soft pancreatic texture was significantly associated 
with POPF; however no significant difference in the rate of 
POPF between binding and conventional PJ anastomoses 
was seen (19). Binding PJ remains one of many options for 
creation of the pancreatic-enteric anastomosis.

Pancreaticogastrostomy (PG) creation	

The creation of pancreatic duct anastomosis to the stomach 
PG instead of to the jejunum has been studied as well, with 

the rationale that a PG anastomosis is easier to perform and 
that the stomach has a more robust blood supply compared 
with the jejunum. Additional rationale for PG instead of 
PJ in the case of pancreatic head resections that extend to 
the left past the midline is that the increase in distance may 
put the resulting jejunal limb and jejunal anastomosis under 
tension, with increased risk for subsequent leak; however 
after such a resection the stomach will be immediately 
adjacent to the remnant pancreas with the opportunity 
to create a tension-free PG anastomosis (Figure 5). In 
evaluating PG, an earlier report by Delcore and colleagues 
demonstrated no leaks of the PG anastomosis in 45 cases (20),  
and a 0% leak rate over 38 cases was also reported by Mason 
et al. (21). PG was later compared to PJ anastomosis in a 
prospective randomized trial conducted by Bassi and co-
workers, in which 151 patients with soft pancreatic glands 
were randomized to PG or end-to-side PJ anastomoses (22).  
Pancreatic fistula occurred in 13% of PG patients and 16% of 
PJ (P=NS); however post-operative fluid collections, delayed 
gastric emptying, and biliary fistulae were significantly less 
in the PG group. A similar trial was conducted by Duffas  

Figure 5 Pancreaticogastrostomy.

Figure 4 Binding pancreaticojejunostomy.
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et al. who randomized 81 patients to PG and 68 patients to 
PJ after pancreaticoduodenectomy and found POPF in 16% 
of the PG group and 20% of the PJ group (23). The authors 
concluded that the type of anastomosis does not influence the 
development of POPF, and a meta-analysis of PG versus PJ 
trials noted that there was no superiority of either technique 
and surgeons should continue to use the technique with 
which they are most familiar (24). Interestingly, a recent 
prospective randomized multi-center trial by Topal and 
colleagues from Belgium randomizing 329 patients to PJ 
or PG after pancreaticoduodenectomy, in which patients 
were stratified by pancreatic duct diameter (≤3 or >3 mm), 
reported significantly more POPF in the PJ group than the 
PG group (19.8% vs. 8%, OR 2.86, 95% CI: 1.38-6.17, 
P=0.002) (25). The authors concluded that PG should be 
the preferred anastomosis after pancreaticoduodenectomy, 
although further data from a multi-center international trial 
will be needed to confirm this. 

Pancreatic duct anastomotic stenting

Pancreatic duct stenting at the time of anastomosis 
creation has been proposed as a technique to decrease 
pancreatic leak and fistula, with the rationale that stenting 
prevents the accumulation of pancreatic secretions in 
the pancreatic stump and the pancreatic anastomosis is 
excluded from direct contact with the pancreatic juice (26).  
This was examined in a randomized trial by Winter and 
colleagues who randomized 238 patients undergoing 
pancreaticoduodenectomy to internal pancreatic duct stent 
or no-stent with the endpoint of POPF development (27). 
Patients were stratified by the texture of the pancreatic 
remnant (soft vs. normal/hard), with 6 cm pediatric feeding 
tubes were used as stents. In the hard pancreas group 1.7% 
stent patients and 4.8% non-stent patients developed POPF 
(P=0.4), and in the soft pancreas group 21.1% stent patients 
and 10.7% non-stent patients developed POPF (P=0.1) with 
the conclusion that internal pancreatic duct stenting does 
not alter the rate of POPF. 

Pancreatic duct drainage with external rather than 
stents has also been studied. In a study from Hong Kong 
in 2007, Poon et al. prospectively randomized 120 patients 
undergoing pancreaticoduodenectomy with PJ duct-to-
mucosa anastomosis to an external stent or not (28). Patients 
in the stented group had a significantly lower pancreatic 
fistula rate compared with the no stent group (6.7% vs. 
20%, P=0.032), and on multivariable analysis absence of 
stenting was a significant risk factor for POPF. The authors 

hypothesized that use of external drains more completely 
diverts pancreatic secretions away from the PJ anastomosis 
with decreased risk for leak formation.

A recent  Cochrane Review a l so  examined the 
efficacy of pancreatic stents in preventing POPF after 
pancreaticoduodenectomy in a review of randomly 
controlled trials extracted the Cochrane Central Register 
of Controlled Trials (CENTRAL), MEDLINE, Excerpta 
Medica database (EMBASE), Web of Science, and other 
major trials databases (29). A total of 655 patients were 
included in the systematic review, and the authors found that 
the use of external, but not internal stents was associated 
with a significant decrease in the incidence of POPF (RR 
0.33, 95% CI: 0.11-0.98, P=0.002). These results are echoed 
by another systematic review of the literature and meta-
analysis performed by Xiong and colleagues, who examined 
the literature from January 1973 to September 2011 and 
included 1,726 patients from five randomized clinical 
trials and 11 non-randomized clinical observation studies 
in their analysis (30). The authors found that placement 
of internal or external stents in the pancreatic duct after 
pancreaticoduodenectomy did not reduce the incidence of 
POPF; however on subgroup analysis placement of external 
stents significantly reduced the incidence of POPF compared 
with no stent (OR 0.42, 95% CI: 0.24-0.76, P=0.004 for 
randomized clinical trials and OR 0.43, 95% CI: 0.27-0.68, 
P<0.001 for observational studies). These recent data suggest 
that if one intends to stent the pancreatic anastomosis, an 
external stent should be considered; however more data are 
needed to suggest routine use of pancreatic stents, and many 
centers have moved away from the use of pancreatic duct 
stents completely.

Pancreatic stump closure after distal 
pancreatectomy

Pancreatic leak after distal pancreatectomy occurs in 
approximately 30% of patients (31,32), which is a rate 
higher than is seen in pancreaticoduodenectomy. Many 
studies have been conducted to determine the optimal 
method for closing the pancreatic stump in order to 
prevent POPF. The two main techniques for closure of the 
pancreatic stump after distal pancreatectomy are suture 
closure of the pancreatic duct or stapled closure of the 
parenchyma. A previous retrospective report by Bilimoria 
et al. in which the authors reviewed their institutional data 
of 126 patients who underwent distal pancreatectomy 
over a nine year period found that POPF rates in patients 
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who underwent suture closure of the pancreatic duct was 
significantly lower than patients who did not undergo suture 
closure (9.6% vs. 34%, P<0.001) (33). On multivariable 
analysis, failure to ligate the duct was significantly associated 
with pancreatic leak (OR 5, 95% CI: 2-10, P=0.001). 
The other most prominent technique for pancreatic 
transection is to use a surgical stapler. A meta-analysis 
conducted by Knaebel and co-workers in 2005 examined 
ten articles in the world literature (two randomized trials 
and eight observational studies) that reported techniques 
to decrease POPF after distal pancreatectomy (34). Six 
of the ten studies compared hand-sutured versus stapled 
pancreatic closure, and in this analysis the authors found 
a trend towards decreased POPF with the use of staplers; 
however the results were not statistically significant 
(OR 0.66, 95% CI: 0.35-1.26, P=0.21). Given this trend 
towards decreased POPF with stapled closure, Diener and 
colleagues designed the multicenter prospective DISPACT 
trial in which patients undergoing distal pancreatectomy 
were randomized to stapler or hand-sewn closure with the 
primary outcomes of POPF and mortality at one week; 
the authors hypothesized that standardized closure with a 
stapler would lead to decreased POPF (35). Of 450 patients 
randomized, 352 were included in the final analysis (175 
hand-sewn, 177 stapler). The rate of POPF in the stapler 
group was 32% compared with 28% in the hand-sewn 
group, without any significant difference between the two 
groups (OR 0.84, 95% CI: 0.53-1.33, P=0.56). There was 
one death in the hand-sewn group and none in the stapler 
group. The authors concluded that stapled closure was not 
superior to hand-sewn closure for preventing POPF, and 
indeed the data demonstrate that these methods of closure 
have equivalent POPF rates.

Given this equivalency, other methods to decrease POPF 
have been investigated. A prospective randomized trial of 
prophylactic pancreatic duct stenting to decrease POPF 
was conducted by Frozanpor et al. with the hypothesis 
that more efficient diversion of pancreatic secretions into 
the duodenum away from the pancreatic transection line 
would lead to decreased POPF (36). A total of 58 patients 
were analyzed (29 distal pancreatectomy only, 29 distal 
pancreatectomy with stent); the rate of ISGPF Grade B/C 
POPF was 42.3% in the stent group and 22.2% in the no-
stent group without a significant difference between the 
two (OR 2.57, 95% CI: 0.78-8.48, P=0.122). Decreasing 
resistance across the sphincter of Oddi with stenting does 
not appear to have a role in decreasing POPF rates.

Various methods of reinforcing the staple line after 

distal pancreatectomy have been attempted as a means 
of decreasing leak. In a small non-randomized single-
institution trial, Jimenez and colleagues reported rates of 
POPF with stapled pancreatic stump closure reinforced 
with bioabsorbable buttress sleeves mounted on the stapler 
and compared a group of 13 patients treated in this manner 
with 18 historical controls (37). Rates of POPF were 0% 
in the buttress group versus 39% in the control group 
(P=0.025). A similar single-institution report from Thaker 
and others of 40 patients undergoing distal pancreatectomy 
and bioabsorbable mesh buttress staple line reinforcement 
with comparison to 40 historical controls of only stapled 
closure found significantly decreased rate of POPF with 
mesh reinforcement (3.5%) compared with staple closure 
only (22%, P=0.04) (38). In a subsequent single-institution 
randomized prospective trial of stapled pancreatic 
closure with or without bioabsorbable mesh staple line 
reinforcement, Hamilton et al. found significantly fewer 
ISGPF Grade B/C leaks in 1/53 (1.9%) mesh reinforcement 
patients compared with 11/45 (20%) no-mesh patients 
(P=0.007) (39). 

Currently it  appears that reinforcement of the 
pancreatic staple line with a bioabsorbable mesh is a 
feasible method of decreasing POPF; however the previous 
single-institution results still require confirmation in the 
form of multi-institution prospective randomized trials, 
preferably with international collaboration. Just as the 
rigorous methodology of the DISPACT trial appears 
to have provided a definitive answer to the question of 
stapled or hand-sewn closure, so is there a need for this 
methodology regarding the question of bioabsorbable mesh 
reinforcement.

Use of fibrin glue and other topical sealant agents

The use of fibrin glue and other topical hemostatic agents 
applied to the pancreato-enteric anastomosis have been 
proposed as adjuncts to help seal the anastomosis and 
prevent POPF; however results have been disappointing. In 
a report from 1991, Kram and colleagues used fibrin glue 
made from concentrated fibrinogen and clotting factors 
which was applied topically to pancreatic wounds, staple/
suture lines, and pancreatic anastomoses in both trauma 
and non-trauma operations; the authors reported no 
pancreatic fistulae, abscesses, or pseudocysts in their series 
of 15 patients (40). In an early prospectively randomized 
trial reported in 1994 by D’Andrea, 97 patients undergoing 
pancreatectomy for both benign and malignant conditions 
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were enrolled and randomized to intraoperative fibrin 
sealing of the pancreas or to no sealing (41). Pancreatic 
fistulae developed in 13.9% of the fibrin glue patients and 
in 11.1% of the non-fibrin glue patients, with no significant 
difference seen between in two groups.

In a larger prospective randomized trial of fibrin glue 
conducted by Lillemoe et al., the authors randomized 125 
patients, who were felt to be at high risk for pancreatic 
leak after pancreaticoduodenectomy by their operating 
surgeon, to either topical application of fibrin glue to the PJ 
anastomosis (59 patients) versus no glue (66 patients) (42).  
The rate of POPF was 26% in the glue arm versus 30% 
in the control group (P=NS), and there was no difference 
in length of hospital stay between the groups as well. 
The authors concluded that the use of fibrin glue did 
not decrease the rate of POPF or of other complications 
following pancreaticoduodenectomy. A recent large meta-
analysis evaluating the effectiveness of fibrin sealants in 
pancreatic surgery systematically evaluated seven studies 
including 897 patients and found that fibrin sealants had a 
non-significant impact on the development of POPF (43).  
The authors concluded that fibrin sealants cannot be 
recommended routinely in the setting of pancreatic 
resection. 

Internal occlusion of the pancreatic duct with absorbable 
fibrin glue after creation of a pancreatic duct anastomosis 
has been proposed as a way to allow the anastomosis to 
heal without being exposed to the enzyme-rich pancreatic 
fluid, although early prospective non-randomized trials 
did not demonstrate a decrease in POPF (44). To address 
this, Suc and colleagues conducted a multi-institution, 
single-blind, prospective randomized trial in France of 
pancreatic resection with or without fibrin glue occlusion 
of the pancreatic duct occlusion (45). The authors report 
an overall POPF rate of 16% in their trial; however no 
difference in POPF rate was seen when comparing the 
fibrin glue to the control group. Fibrin glue occlusion 
of the pancreatic duct appears to have no impact on the 
development of POPF.

Use of somatostatin analogues

The inhibitory peptide hormone somatostatin acts to 
decrease the output of secretions from the pancreas, GI 
tract, and biliary tract, although the half-life is short at 
approximately two minutes (46). Synthetic analogues of 
somatostatin with longer half-lives, such as octreotide (47), 
have been developed and have been used in pancreatic surgery 

in an attempt to decrease POPF, with the hypothesis that 
decreased pancreatic juice secretion will allow for improved 
healing of pancreatic ductal anastomoses and consequently 
decreased leak rates. The use of octreotide has been studied 
in multiple randomized prospective trials in the United States 
and Europe; however the results have been mixed. Yeo and 
colleagues conducted a prospective trial in which patients 
undergoing pancreaticoduodenectomy were randomized 
to saline control or octreotide 250 μg subcutaneously 
every eight hours beginning 1-2 hours before surgery and 
continuing for seven days (48). Ultimately 211 patients made 
up the entire study cohort; POPF was seen in 9% of control 
group and 11% of octreotide group. The authors concluded 
that octreotide does not reduce incidence of POPF and 
that omission of this treatment may lead to a cost savings 
for hospitals. Sarr and co-investigators in the Pancreatic 
Study Group conducted a prospective, randomized, 
placebo-controlled trial of the long-acting somatostatin 
analogue vapreotide, hypothesizing that vapreotide would 
decrease pancreas-related complications; 135 patients 
received vapreotide and 140 received placebo (49).  
No significant differences were seen in pancreas-related 
complications between the two groups (placebo 26.4% vs. 
vapreotide 30.4%, P=NS), and the authors concluded that 
vapreotide offers no therapeutic benefit in terms of post-
operative complications. Suc et al. conducted a French 
multi-center prospective randomized trial in 230 patients 
undergoing pancreatectomy, with 122 patients randomized 
to octreotide and 108 randomized to the control arm; the 
primary endpoint was all intra-abdominal complications (50).  
Intra-abdominal complications were seen in 22% of 
octreotide patients versus 32% of placebo patients; however 
this result was not statistically significant and the authors 
concluded that octreotide cannot be routinely used to 
decrease intra-abdominal complications in pancreatectomy 
patients.

Recently, Allen and colleagues reported their results of a 
single-center, prospective, double-blind, placebo controlled 
trial using the long-acting somatostatin analogue pasireotide, 
which has a longer half-life than octreotide as well as a 
broader receptor binding profile (51). Patients undergoing 
pancreaticoduodenectomy or distal pancreatectomy were 
randomized to pasireotide 900 μg subcutaneously given 
twice daily beginning the morning of operation for seven 
days (152 patients) or to placebo (148 patients). The 
primary endpoint was incidence of grade 3 pancreatic leak, 
fistula, or abscess; grade 3 indicating that a radiologic, 
endoscopic, or surgical intervention was required, and 
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the secondary endpoint was Grade B or C POPF. In total 
15% of patients met the primary endpoint; however the 
primary endpoint was significantly less in the pasireotide 
group compared with placebo (9% vs. 21%, RR 0.44, 95% 
CI: 0.24-0.78, P=0.006). In the pasireotide group 7.9% 
of patients had Grade B POPF, and zero had Grade C, 
compared with 16.9% Grade B/C in the placebo group, 
P=0.02; rates of adverse events were similar between the 
two groups. Pasireotide significantly reduced risk of post-
operative fistula/leak/abscess, and may have a role in the 
prevention of POPF in the future.

Conclusions

Post-operative pancreatic leak and fistula are a major source 
of morbidity and mortality after pancreatic resection. 
Many trials have been undertaken to identify techniques 
to reduce POPF (Table 1); however no one technique has 
been shown to definitively be the solution to the problem, 
and indeed one of the major determinants of POPF is 
a factor over which the surgeon has very little control, 
i.e., the consistency of the pancreatic parenchyma itself. 
Surgeons should continue to use the pancreatic duct 

Table 1 Selected trials performed to evaluate rates of POPF

Study Trial arm(s) N Fistula (%) Conclusion

Berger, 2009 Duct-to-mucosa 

Pancreaticojejunostomy (PJ)

100 12 (12%) Fewer POPF in invagination group

Invagination PJ 97 23 (24%)

Grobmyer, 2010 Modified duct-to-mucosa PJ 

(Blumgart anastomosis)

187 13 (6.7%) Grade B/C

Kleespies, 2009 Duct-to-mucosa PJ 90 12 (13%) Fewer POPF with use of Blumgart 

anastomosis

Modified duct-to-mucosa PJ 

(Blumgart anastomosis)

92 4 (4%)

Peng, 2007 Binding PJ 111 0 Fewer POPF in binding group

Invagination PJ 106 8 (7.5%)

Maggiori, 2010 Binding PJ 22 8 (36%) No POPF difference with use of binding PJ

Invagination PJ 25 7 (28%)

Bassi, 2005 Pancreaticogastrostomy (PG) 69 9 (13%) No difference in POPF rates

PJ 82 13 (16%)

Topal, 2013 PG 167 13 (8%) PG decreases POPF rate

PJ 162 33 (19.8%)

Winter, 2006 Pancreatic duct stent 58 Hard pancreas 1.7%, 

soft pancreas 21.1%

No difference in POPF rates

No stent 63 Hard pancreas 4.8%, 

soft pancreas 10.7%

Poon, 2007 External pancreatic duct stent 60 4 (6.7%) External stent decreases POPF

No stent 60 12 (20%)

Diener, 2011 Stapled distal pancreatectomy 175 32% No difference in POPF rates

Hand-sewn distal pancreatectomy 177 28%

Yeo, 2000 Octreotide 104 11 (9%) No difference in POPF rates

No octreotide 107 10 (11%)

Allen, 2014 Pasireotide 152 9% Pasireotide decrease POPF rates

No pasireotide 148 21%

POPF, post-operative pancreatic fistula.
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anastomotic technique with which they are most familiar 
and comfortable, and currently there is no evidence for 
routine use of stents or topical sealing products. For closure 
of the pancreatic stump after distal pancreatectomy, a 
stapled closure in combination with bioabsorbable mesh 
buttress may represent a reliable technique to decrease 
POPF; however high-quality data from multi-institutional 
prospective trials are currently lacking. In the future, 
novel somatostatin analogues may play a role in decreasing 
POPF, but without question meticulous surgical technique 
and attention to detail will remain the cornerstones of 
decreasing pancreatic leak and patient morbidity/mortality.
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