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Objectives. The aim of our study is to identify a surgical technical that has the lowest rate of pancreatic fistulas in pancreatico-gastric anas-
tomosis following duodenopancreatectomies. We studied pancreatico-gastric anastomosis performed with stitches compared to the ones 
performed without stitches. Methods. Our experimental model is based on ten piglets, which were divided into 2 groups.  In the first group 
(n=5) the pancreatico-gastric anastomosis was done using double purse-string threads one passed through the gastric seromuscular layer 
and one through the gastric mucosa. In the second group (n=5) the pancreatico-gastric anastomosis was performed using sutures through 
the stomach and pancreas. Results. Postoperative amylasemia was higher in the second group. In the first group no pancreatico-gastric 
fistulas were observed, whereas pancreatic necrosis was observed only at a superficial level of the pancreatic stump. In the second group, two 
cases had developed fistulas, both bordered by large areas of coagulation necrosis accompanied by pancreatic duct hyperplasia. Duration 
of the anastomosis was shorter for the first group. Conclusions. In conclusion, the pancreatico-gastric anastomosis performed using two 
purse-string suture is a feasible, safe and fast process.
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Introduction
Pancreatic resection techniques and ways to restore diges-
tive continuity had numerous changes over time. In 1909 
Kausch performed the first two stage duodenopancrea-
tectomy for a patient with carcinoma of the ampulla of 
Vater.

The classic procedure described by Whipple in 1935 en-
tailed a pancreatico-jejunal anastomosis upon completing 
the pancreatic resection. In 1946 Waugh and Clagett per-
formed the first pancreatico-gastric anastomosis following 
a cephalic duodenopancreatectomy. Thus, both pancre-
atic anastomosis with the jejunum and the stomach have 
known continuous improvements over time.

Postoperative mortality after a cephalic duodenopancre-
atectomy decreased greatly in recent years [1,2,3,4]. How-
ever morbidity rate remained high, between 30 and 50% 
[5,6]. Of all the postoperative complications the pancreatic 
fistula is one of the most fearsome with a rate of 3 to 36% 
[7,8,9]. Although no differences were observed on the rate 
of pancreatic fistula according to the pancreatodigestiv re-
construction [10,11,12,13,14], some authors have shown 
that the pancreatico-gastric anastomosis is associated with 
less complications [14,15,16]. It has been demonstrated 
that pancreatic fistula rate is higher in cases with so called 
“soft pancreas” and in cases were the diameter of the Wir-
sung duct is reduced.

Lately, anastomotic technical variations aim to trauma-
tize as little as possible the residual pancreatic stump. This 
paper presents an experimental study on a swine model of 
the pancreatico-gastric anastomosis without sutures com-
pared to a pancreatico-gastric anastomosis with transfixiat-
ing threads passed through the pancreas.

Materials and methods
Animals
A batch of ten female piglets, weighing between 10 and 12 
kg was obtained from the Eurohyb swine farm. The ani-
mals were kept and fed according to national guidelines for 
care. The experimental study was approved by the Ethics 
Committee of the University of Medicine and Pharmacy 
of Tîrgu Mureș. 

Fasting was established 24 hours before surgery, fluid 
intake was allowed up until 12 hours preoperatively. Ran-
domization of the two groups was done before anesthesia 
and surgery. Pre- and postoperative care was done in col-
laboration with a veterinary surgeon.

Anesthesia and surgery
For sedation we used Ketamine 10 mg/kg i.m. and Xyla-
zine 3mg/kg i.m. Atropine 0.05 mg/kg i.v. was adminis-
tered to reduce secretions. General anesthesia was obtained 
using 2.5% Isoflurane. Breathing and blood pressure were 
monitored and with the help of the pulse oximetry device 
placed in the ear oxygen saturation and heart rate were 
also monitored.
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Median laparotomy was performed that stretched from 
the xiphoid process to the umbilicus. The pancreas con-
sists of three lobes: the duodenal lobe, the splenic lobe and 
the connecting lobe.  By careful dissection the pancreatic 
lobes were revealed and separated at the junction between 
the duodenal lobe and splenic lobe, to the left of the por-
tal vein. 

The proximal pancreatic stump was sutured. In the first 
group of five piglets we performed a pancreatico-gastric 
anastomosis between the distal pancreas and the posterior 
gastric wall with two purse string threads (Fig. 1 and Fig. 
2), while in the other group of five piglets we carried out a 
pancreatico-gastric anastomosis with transfixiating threads 
through the posterior gastric wall and the pancreas (Fig. 3).

When using the double purse-string technique, an ante-
rior gastrotomy approx. 5cm in length was done followed 
by a cross gastrotomy at the level of the posterior gastric 
wall about 2/3 the diameter of the pancreatic stump. We 
applied two purse string sutures: one on the seromuscular 
layer  and another one on the mucosal layer both approxi-
mately 1 cm from the edge of the posterior gastrotomy 
(Fig. 1, 2), then placed two traction threads at the pan-
creatic stump. Due to the very low caliber of the Wirsung 
duct cannulation was abandoned. With the two traction 
threads passed through the posterior gastrectomy the pan-
creatic stump was gently pulled into the stomach, protrud-
ing about 2 cm above the gastric mucosa. The first purse 

string to be tightened was the seromuscular one followed 
by the mucosal one. The next step was the closure of the 
stomach with separate non-resorbable threads followed by 
abdominal wall closure and skin suture.

In the other group of five piglet’s the pancreatico-gastric 
anastomosis was performed with transfixiating threads 
passed through the posterior gastric wall and pancreas. The 
difference from the other technique is the fact that after 
the placing of the pancreatic stump inside the stomach, it 
is sutured to the posterior gastric wall using eight to ten 
threads that pass through the posterior gastric wall and the 
pancreas. 

The average duration was 14 minutes for the double 
purse string anastomosis and 20 minutes for the transfix-
ing threads anastomosis.

Postoperative care
Postoperatively piglets were locked in individual cages 
and monitored. They were administered prophylactically 
Linco-Spectin 15mg/kg i.m. for the first three days after 
surgery. For the first two days the animals received only 
water followed by a normal diet. 

Parameters studied
In collaboration with the veterinarian the piglets were 

monitored daily about their general condition, appetite, 
appearance of postoperative wound and bowel movement. 
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Fig. 4. Purse string technique – necropsy aspectFig. 2. Internal purse string

Fig. 1. External purse string Fig. 3. Transfixing threads technique
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On the tenth  post operatory day blood was collected and 
the amylase level was measured to determine if a pancrea-
titic reaction occurred.

Necropsy
The animals were euthanised on the tenth day using a com-
mercial euthanasia solution, after previously receiving keta-
mine and xylazine and a necropsy was performed. The aim 
was to detect possible anastomotic fistula, intraperitoneal 
abscesses, location and extent of the areas of adhesion, pan-
creatitis lesions and macroscopic aspects of the anastomo-
sis (Fig. 4 and Fig. 5). The pancreas and posterior gastric 
wall were removed and after a macroscopic inspection of 
the anastomosis the surgical specimens were fixed in buff-
ered formaldehyde and embedded in paraffin (paraffin-
embedded Tissues). For each case five paraffin-embedded 
blocks were carried out and studied. Three-five μm paraffin 
sections were used dyed with hematoxylin-eosin. 

The following parameters have been taken into account: 
presence / absence of pancreatico-gastric fistulas, the type 
and extent of necrosis, tissue regeneration signs (granula-
tion tissue, fibrosis), and histological changes of gastric and 
pancreatic wall.

Result
Clinic pathological aspects
All pigs survived after surgery. A transient lethargy which 
disappeared after 1-2 days was noted with no differences 
between the two groups. 

A single pig in the second group showed a minimal 
wound infection. 

Serum amylase level on the 7th postoperative day, prior 
to euthanasia was above normal for two piglets in the sec-

ond group (2130 U/L and 2315 U/L, normal value: <2000 
U/L).

Changes highlighted post-euthanasia
All piglets were found to have adhesions between loops 
of small bowel and the anastomosis. Microscopically we 
found steatonecrosis ranging from 1-3 mm in size at the 
level of the pancreatic parenchyma, independent of the 
technique used.

In the first group, microscopic changes were similar in 
all 5 cases. The gastric mucosa showed patches of necrosis, 
granulation tissue in the submucosa and the muscularis 
propria in the vicinity of the pancreas showed minimum 
coagulation necrosis, extended areas of fibrosis that em-
bedded pancreatic ducts and suture threads surrounded by 
giant foreign body reaction cells. Steatonecrosis was not 
accompanied by hemorrhage (Fig. 6).

In both pigs from the second group with increased am-
ylasemia we observed macroscopically areas of 10-20 mm 
in diameter of steatonecrosis, pancreatic bleeding and peri-
pancreatic bleeding (acute pancreatitis).
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Fig. 5. Transfixing threads – necropsy aspect  

Fig. 6. Histological appearance of the pancreas and the stomach wall, depending on the type of surgery. In animals in which two purse 
string sutures were used (A-C): patches of necrosis of the gastric mucosa (A, B), granulation tissue in the submucosa (B) and peripan-
creatic fibrosis with proliferation of ducts (C). In the second group (DF) extended patches of necrosis (D, E) are noticed and microscopic 
fistulas fenced by fibrous tissue that embeds pancreatic ducts (F).
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In one of them a perianastomotic abscess about 10 mm 
in diameter was noted macroscopically and a minimum 
anastomotic blocked fistula (Fig. 7). The second piglet 
showed, microscopically, a pancreatico-gastric fistula sur-
rounded by granulation tissue and foreign body type cells 
without cell atypia (Fig. 1). The other three animals in the 
second group had extended steatonecrosis, bleeding areas, 
but no fistulas were observed.

Discussions
The cephalic duodenopancreatectomy original technique 
described by Whipple has suffered over the years in excess 
of 60 amendments. Most of these changes relate to how 
the continuity is restored after the actual resection. Cur-
rently there are still controversies about the pancreatico-
digestiv anastomosis. The reconstruction processes consist 
of pancreatico-jejunal and pancreatico-gastric anastomosis 
[17,18,19,20]. All these changes, associated with increased 
postoperative care quality have contributed to the decrease 
in postoperative mortality [2,21,22,23]. It has been dem-
onstrated that pancreatic fistula occurs more frequently 
with soft consistency pancreas (the so called „soft pan-
creas”) associated with an increased secretion of pancreatic 
juice through a small diameter Wirsung duct [23,24].

In the recent years a number of surgical techniques have 
been developed that reduce or avoid the use of threads 
passed through the pancreas, both in a pancreatico-gastric 
anastomosis and in a pancreatico-jejunal anastomosis. Al-
though a number of studies have found differences on the 
rate of pancreatic fistula occurrence in the two variants of 
reconstruction, [11,25,26] there are a number of advan-
tages belonging to the pancreatico-gastric anastomosis: 
pancreatic enzymes released in the stomach are inactive 
due to the absence of intestinal enterokinasis; pancreatic 
secretions can be aspirated through a nasogastric tube thus 
decreasing the tension at the level of the anastomosis and 
last but not least any bleeding can be handled through up-
per endoscopy.

Peng et al describes a similar surgical technique to the 
one we used, but performs a seromuscular excision of the 
posterior gastric wall corresponding in size to the distal 
pancreatic stump forming a mucosal sleeve for the pan-
creatic stump [27]. Zhu et al describes a procedure similar 
to that of Peng, but the application of the two purse string 
threads is done from a posterior gastric approach [10].

Bartsch performs an anastomosis by applying a purse 
string through the entire posterior gastric wall and two 
transfixing mattress sutures through both the pancreatic 
stump and the posterior gastric wall [16]. 

Given the fact that over tightening can easily cut the 
pancreatic tissue and the fact that the threads themselves 
can produce lesions that can lead to a fistula we deemed it 
necessary to compare the two methods.

From a clinical point of view there was a minimal post-
operative wound suppuration at a piglet in the second 
group. Amylasemia mesured seven days postoperatively 

was above normal in two cases in the second group. The 
median time required to perform the double purse string 
anastomosis was 14 minutes whilst the transfixing threads 
techniques required 20 minutes on average to carry out. 

The macroscopic exploration of the anastomosis after 
euthanasia reveled a small discontinuity between the gas-
tric mucosa and pancreatic stump at a piglet in the second 
group with increased amylasemia. Under the microscope, 
at another piglet, a pancreatico-gastric fistula was found 
surrounded by granulation tissue.

In the first group, steatonecrosis was minimal and ne-
crosis was only present in small areas whilst in the second 
group both steatonecrosis and coagulation necrosis were 
more obvious alongside the presence of small hemorrhagic 
areas.

The results obtained in this experiment advocates the 
use of pancreatico-gastric anastomosis with two purse 
strings which proved to be easier and faster to perform. 
The association of pancreatitis in two animals of the sec-
ond group and the absence of bleeding in the first group 
also advocates for increased risk of pancreatic fistula when 
using transfixiante threads.

Conclusions
Data from this study show that the double purse string 
pancreatico-gastric anastomosis is a safe, fast and simple 
treatment option involving minimal pancreatic modifica-
tions. Avoiding the use of sutures passed through the pan-
creas reduces the risk of acute pancreatitis. Further studies 
can confirm our results and the feasibility of this proce-
dure.
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Fig. 7. Pancreatico-gastric fistula- necropsy aspect
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