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Abstract
Objective: To compare the results of pancreaticogastrostomy versus pancreaticojejunostomy

fol lowing pancreat icoduodenectomy in  a  prospect ive  randomized tr ia l .
Background: Pancreatic leak and fistula are the most leading cause of morbidity and mortality

after pancreaticoduodenectomy. Many reports have suggested that pancreaticogastrostomy is
less likely than pancreaticojejunostomy to be associated with pancreatic leak. However, other
trials have reported no difference inbetween both groups.

Methods: All  patients undergoing pancreaticoduodenectomy in Ain Shams Hospitals between
May 2004 and June 2009 were randomized to one of two groups  in the reconstructive phase
of the operation, either pancreaticogastrostomy or pancreaticojejunostomy group .

Main outcome measures: Mortality and morbidity following pancreaticogastrostomy and
pancreaticojejunostomy, especially pancreatic anastomotic leakage.

Results: 33 patients underwent pancreaticoduodenectomy. Of these 18 had
pancreaticogastrostomy and 15 had pancreaticojejunostomy. There were 20 males and 13
females with a mean age of 57.4 years. There were no significant differences between groups
on comparison of preoperative data, patient’s characteristics and operative parameters except
that the operative time and blood transfusion were insignificantly higher in PG group.
Postoperatively, the mortality and morbidity rates did not differ between the PG and PJ group.
The rate of pancreatic leak was not significantly different between both groups. However, the
overall complications were higher in pancreaticojejunostomy. Pancreatic leak was found to be
higher in patients with soft pancreas, small pancreatic duct, and to a lesser extent in elderly
patients, long operative time and higher intraoperative blood loss.

Conclusion: Pancreaticogastrostomy is safer than pancreaticojejunostomy after
pancreaticoduodenectomy. Some important factors such as surgeon’s experience, pancreatic
texture,  size of the pancreatic duct and to a lesser extent; patient’s age, operative time and
intraoperative blood loss play a contributory role in pancreatic anastomotic leakage.
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Introduction:
Pancreaticoduodenectomy (PD) is

technically a demanding procedure as the
reconstructive phase in PD has always been a
major problem. At experienced high volume
centers, there is considerable post-operative
morbidity around 30 - 50 %. 1,2

At present the most significant cause of
morbidity and mortality after PD is the
development of pancreatic leak and consequent

fistula, and of up to 20 % are reported from
centers specializing in pancreatic surgery.2,3

Pancreat icojejunostomy (PJ)  and
pancreaticogastrostomy (PG) are the most
common used reconstructive techniques in the
management of pancreatic cuff after PD. Both
techniques are open to debate for some authors
have presented to a very low leak rate with
PJ,4 while others have shown that PG is safer
than PJ and is associated with lower incidence
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of mortality and morbidity.5
We conducted this study to compare PJ

with PG with regard to safety of the pancreatic
anastomosis.

Patients and methods:
Study design:
This is a prospective randomized study that

was conducted on all patients who underwent
pancreaticoduodenectomy at Ain Shams
Hospitals from May 2004 to June 2009.
Enrolled patients were assigned to one of two
groups according to the type of management
of the pancreatic remnant, whether
p a n c r e a t i c o g a s t r o s t o m y  ( P G )  o r
pancreaticojejunostomy (PJ) group.

Data collection:
Enrolled patients were subjected to detailed

medical history, thorough physical examination
and preoperative laboratory investigations.

Diagnostic imaging workup included
abdominal ultrasonography (US) and spiral
computed scan (CT). Preoperative endoscopic
retrograde cholangiopancreatography (ERCP)
and biliary stenting were performed if total
bilirubin exceeded 8 mg / dl prior to surgery.

All patients were given prophylactic
perioperative 3rd generation cephalosporins
and prophylaxis for deep venous thrombosis
(DVT) for 7 days. Prophylactic somatostatin
analogue was not used in this study.

After obtaining an informed written consent,
the patients were randomized to either PG or
PJ group. Operative data were collected and
included operative details, estimated blood
loss, intraoperative blood transfusion, pancreas
texture, size of pancreatic duct, and operative
time.

Post-operative parameters included time to
removal of nasogastric tube, time to resumption
of regular diet, time to removal of operative
drains, postoperative stay and histopathologic
diagnosis, post-operative extra-abdominal
complications such as cardiopulmonary, DVT,
and cerebrovascular complications, and
abdominal complications such as pancreatic
leak, pancreatic fistula and consequent
septicemia, delayed gastric emptying, wound
infection, hemorrhage, intra-abdominal fluid
collection and abscess, acute pancreatitis,

gastro-enteric/ biliary leak or fistula,
percutaneous radiological intervention and re-
laparotomy rate, and finally date and cause of
death.

Study endpoint and objectives:
The study endpoint was to compare the two

groups of treatment on the base of the
development of pancreatic leak and fistula with
their subsequent complications.

Surgical techniques:
Pancreaticoduodenectomy was performed

as a partial pancreatectomy with either
conventional PD (partial pancreatectomy with
distal gastrectomy) or with pylorus preserving
PD. At the completion of the PD, the pancreas
texture was assessed and the diameter of the
pancreatic duct was measured. All pancreatic
anastomosis were performed in two layers: 3-
0 polyglactin for the inner layer and 3-0 silk
for the outer layer. Duct–to–mucosa technique
was done. Stent with internal drainage was
inserted across the anastomosis. Tube
gastrostomy and feeding jejunostomy were not
done.

Pancreatic anastomosis was performed first,
followed by end to side hepaticojejunostomy
and finally end to side duodenojejunostomy
or gastrojejunostomy.

PJ Figure(1) was performed in end to side
fashion. Jejunum was brought through a
window in the right transverse mesocolon,
with PJ being performed to the most proximal
jejunum. A posterior outer layer of interrupted
3/0 silk sutures was placed between the
posterior pancreatic capsule and the
seromuscular layer of the jejunum. A small
full-thickness jejunostomy is created using
electrocautery, in line with the pancreatic duct.
The inner layer consisted of the pancreatic
duct and mucosa of the jejunum, interrupted
sutures for duct-to-duct were performed using
3/0 polyglactin sutures. Finally, an anterior
outer layer of interrupted 3/0 silk sutures was
placed in a manner similar to the outer posterior
layer.

In PG Figure(2,3), anastomosis was carried
out on the posterior wall of the stomach midway
between the greater and lesser curvature, at
least 5 cm away from the cut end of the
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stomach. Duct-to-mucosa technique was done
as in PJ.

A suction drain was introduced through
left-sided abdominal stab incision and placed
in the vicinity of the pancreatic anastomosis.

Another suction drain was introduced
through right- sided abdominal stab incision
and placed in the vicini ty of  the
hepaticojejunostomy.

Figure (1): Pancreaticojejunostomy.

Figure (2): Duct to mucosa pancreaticogastrostomy with stent insertion.

Figure (3): Pancreaticogastrostomy at right side, gastrojejunostomy at left side.
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Postoperative management:
During the postoperative period, patients

received prophylactic 3rd generation
cephalosporins, antithrombotic, and peptic
ulcer prophylaxis. Prophylactic somatostatin
analogue was not used in this study. Nasogastric
tube was left for at least two days and was

removed when the output was less than 100
ml per day. Oral fluid was given to the patient
on the 5th postoperative day after intestinal
sound auscultation, and then feeding was
graduated as tolerated. Delayed gastric
emptying was defined as a need for nasogastric
suction for more than 10 days after PD.

An algorithm showing management of suction drain in our study.

Patients with diagnosed pancreatic fistula
were managed conservatively by somatostatin
analogue, 3rd generation cephalosporins,
metronidazole, prophylactic proton pump
inhibitors, total parentral nutrition (TPN) and
prophylaxis against deep venous thrombosis
(DVT). These patients were strictly observed
in the hospital until the fistula closed

spontaneously and the date of closure was
registered.  In complicated fistula, such as
intraperitoneal collection, abscess, septicemia
or  intraperi toneal  hemorrhage,  the
corresponding suitable line of management
was performed, such as percutaneous drainage,
or relaparotomy.
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Results:
Thirty three patients underwent PD between

May 2004 and June 2009. Of these 18 had PG
(54.5%) and 15 (45.5%) had PJ.  There were
20 males (60.5 %) and13 females (39.5 %)
with a mean age of 57.4 years.  Table(1) shows
the patient characteristics and preoperative
variables. No significant differences were
observed between the PG and PJ groups on
comparison of patient’s characteristics and
preoperative parameters. The pylorus –
preserving PD was performed in 7 patients
(21.5%) whereas the classic PD was performed
in 26 patients (78.5) %.

Table(2) shows the intraoperative variables
in both groups.  It reflects no significant
differences between the PG and PJ groups on
comparison of intraoperative parameters.
Operative time and blood transfusion were
insignificantly higher in PG group.

Carcinoma of the head of pancreas was the
most common histopathologic diagnosis
accounting for 45.5% of cases as shown in
Table(3).

The overall incidence of pancreatic leak
was 8/33(24%), 4 belonging to PG group
(22%), and 4 belonging to PJ group (26.5%).
Abdominal US revealed abdominal collection
in 3 of them, one from PG group and two from
PJ group. Percutaneous drainage was done in
these patients.  However, recollection and
deterioration of the general condition occurred
in two of them, one from each group, whilst
the 3rd patient developed pancreatic fistula.
Urgent relaparotomy was planned for these
two patients with abdominal recollection.
However, one of them died before exploration
and the other died three days after exploration
and drainage. These two patients died from
septicemia and multi-organ failure.
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Table (1): Patient’s characteristics and preoperative parameters.

Age (years)
Mean                                             58.3                                        56.9
Range                                            33-69                                           37-67

Sex
Male                                                10                                                   10
Female                                              8                                                    5             

Preoperative history
Jaundice                                          10                                                      9
Weight loss                                      6                                                   6
Abdominal pain                               5                                                         4
Pruritis                                             4                                                 4
Previous upper abdominal surgery  1                                                2
Hypertension                                    6                                                    4
Coronary artery disease                    1                                                    1
Diabetes mellitus                              5                                                   3
Bronchial Asthma                           1                                                    0
Peptic ulcer                            1                                                     1
Smoking                                           10                                                 7
Alcohol intake                                  2                                                  1

American Society of
Anesthesiologists grade (ASA)

I                                                      6                                                    5
II                                                    11                                                 9
III                                                    1                                                     1

Preoperative Laboratory
Values (average)
Hematocrit (%)                              37.2                                            35.7
While blood cell count
(10 cell/m3)                                     8.9                                            9.4
Creatinine (mg/dl)                             1.0                                            1.1
Total bilirubin (mg/dl)                    6.9                                              6.1
Direct bilirubin (mg/dl)                  4.3                                               4.1
Alkaline phosphate                      412                                                   399
Albumin (g/dl)                               3.6                                                  3.5
ALT                                               41                                                  38
Fasting blood sugar                       132                                               118
Amylase                                        128                                                   137

Preoperative ERCP and stenting   5                                                        4
Preoperative hospital
stay (mean)(day)                             4.5                                                  4.1
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Table (2): Intraoperative Parameters.

PG (N=18) PJ (N=15)

Type of resection
pylorus preserving           4                               3
classic                               14                             12

Blood loss (ml)                       1080                         990
Blood transfusion
(number of units)                    1.27                          1.12

Operative time (hr)              5.9                            5.1
Pancreas texture

Hard/ Firm                          13                            12
Soft                                     5                               3

Size of pancreatic duct
•3mm                             11                             10
<3mm                                 7                               5

Table (3): Histopathologic Specimen Examination.

PG (N=18) PJ (N=15)

Periampullary carcinoma
Pancreatic                              8                                  7
Ampullary                          5                                      4
Duodenal                                   2                                      3
Bile duct                                    2                                      1

Pancreatitis                               1                                      0

Six patients developed pancreatic fistula, 3
in PG group and 3 in PJ group.  These patients
were given somatostatin, proton pump
inhibitors, 3rd generation cephalosporins,
metronidazole and total parentral nutrition. 5
fistulas closed spontaneously. Figure(3) shows
a comparison between fistulas occurring in
both groups in term of mean time in days for
spontaneous closure. The 6th patient with
pancreatic fistula rapidly deteriorated after 12
days of the operation.  Massive intraperitoneal

hemorrhage occurred in this patient. Urgent
exploration was done and revealed splenic
artery erosion; artery ligation, splenectomy,
and drainage were performed but the patient
did not withstand the hypovolemic shock and
died immediately after surgery.

Pancreatic leak and fistula were compared
to the type of management of the pancreatic
remnant whether PG or PJ, to pancreas texture,
size of pancreatic duct, age, estimated blood
loss and operative time.
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Figure (4): Mean days of closure of PF complicating PG and PJ.
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According to our results as shown in
Table(4), the rate of the pancreatic leak and
fistula is not influenced by the type of
anastomosis whether PG or PJ, however, other

factors as pancreas texture, pancreatic duct
diameter, operative time, estimated blood loss,
and patient’s age have a more influencing role.

Table (4): Role of type of pancreatic anastomosis, pancreas texture, pancreatic duct size,
operative time, estimated intraoperative blood loss, and patient’s age in the development
of pancreatic leak.

Variables

PG ( n=18)
PJ   (n=15)

Hard pancreas(n=25)
Soft pancreas (n=8)

Pancreatic duct •3mm(n=21)
Pancreatic duct < 3mm(n=12)

Operative time > 7 hr (n=12)
Operative time < 7 hr (n=21)

Estimated blood loss >  1.7 L (n=8)
Estimated blood loss <  1.7 L (n=25)

Age >  65 (n=7)
Age  < 65 (n=26)

Pancreatic leak (n)

4
4

5
3

4
4

4
4

3
5

2
6

Pancreatic leak (%)

22.2
26.6

20
37.5

23.8
25

33.3
19

37.5
20

28.5
23
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Concerning the 12 cases with pancreatic
duct < 3mm diagnosed intraoperatively, 7 had
undergone PG, 4 of them had a hard pancreas
and 5 had undergone PJ, 3 of them had a hard
pancreas. 4 cases of leak were recorded among
these 12 patients, 3 from the PJ and 1 from PG
group. Hence, the type of pancreatic
anastomosis in case of small duct had markedly
affected the rate of leakage.

Table(5) shows the extra-abdominal and
abdominal complications compared to the
development of pancreatic leak and fistula and
to the type of anastomosis.

The overall mortality which was defined as
death occurring within 30 days of the operation
was 5/33(15%). Two patients died due to

pancreatic leak with abdominal collection; one
from each group at the 6th and 9th postoperative
day. The 3rd patient died at the 12th post-
operative day due to splenic artery erosion and
intraperitoneal bleeding complicating
pancreatic fistula. Another patient died after
7 days of surgery. He had no pancreatic leak,
but he developed massive pulmonary
embolism. The 5th patient died suddenly at
home 28 days after surgery. He had been
discharged from the hospital after 9 days in a
fine condition. The cause of the death is
unknown, but massive myocardial infarction
is probably the cause as the patient had a history
of coronary artery disease.

Complications

Stroke
Pneumonia
Pulmonary atelectasis
Pulmonary embolism
Myocardial infarction
DVT
Stress ulcer
urinary  tract infection
Bile leak
Gastrojejunostomy/ Duodenojejunostomy  leak
Pancreatitis
Abdominal collection
Abdominal abscess
Wound infection
Delayed gastric emptying
Intraperitoneal bleeding
Percutaneous drainage
Relaparotomy
Post operative hospital stay (mean days)
Mortality

No leak

0
1
1
1
1
0
0
2
0
0
0
0
0
2
1
0
0
0

8.4
2

Leak /  Fistula

1
2
3
0
0
2
2
3
1
0
3
3
2
7
2
1
3
2

19.7
3

PG

1
1
1
1
0
1
0
1
0
0
1
1
1
3
2
0
1
1

14.1
2

PJ

0
2
3
0
1
1
2
4
1
0
2
2
1
6
1
1
2
1

15.2
3

Table (5): Extra-abdominal and abdominal complications compared to the development
of pancreatic leak/fistula and to the type of anastomosis.

Discussion:
The pancreatic-enteric anastomosis has been

referred to as the "Achilles heal" of PD because
it has been associated with a measurable risk
of leakage or failure of healing, resulting in
pancreatic fistula.6 Because leakage at the site
of the pancreatic-gastrointestinal anastomosis

produces morbidity and mortality following
PD, several techniques aimed at prevention of
pancreatic anastomosis leakage have been
extensively studied,7-9 but none of these
techniques was unanimously accepted to be
safer.5
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The most common techniques for
management of the pancreatic remnant after
PD involve a pancreatic-enteric anastomosis
either PG or PJ.

Many theories have been put forward to
support using PG over PJ.10 Pancreatic enzymes
are inactivated by the acidic gastric fluid. In
addition, the stomach does not contain
enterokinase, which is required for the
conversion of trypsinogen to trypsin and
subsequent activation of other proteolytic
enzymes.  A lack of enzymatic activation may
help prevent autodigestion of the anastomosis.
The proximity of the pancreas to the posterior
wall of the stomach allows for potentially less
tension on the anastomosis.

The excellent blood supply to the stomach
wall is favorable to anastomosis healing and
the thickness of the stomach wall holds sutures
well. Nasogastric decompression provides for
continuous emptying of the stomach and,
t h e r e f o r e  l e s s  t e n s i o n  o n  t h e
pancreaticogastrostomy anastomosis, a benefit
not possible with a pancreaticojejunal
anastomosis.11 PG avoids a long jejunal limb
between the pancreatic and biliary anastomosis
where biliary and pancreatic secretions can
collect and cause increased pressure resulting
in tension at both the pancreatic and biliary
anastomoses.12

Because of the above theories pancreatic
gastrostomy has gained favor as a potential
means of reducing the incidence of pancreatic
fistula after PD.13-16

A meta-analysis of 15 years of literature on
pancreatic fistula after PD was done by Bartoli
et al.17 They compared PG versus PJ
anastomosis and they found PG to be associated
with lower morbidity and mortality. This is
consistent with a previous report on 160
consecutive patients by Fabre et al18 that
suggested that PG is a safe procedure with low
mortality and morbidity.

In group of 86 patients treated by the same
surgeon, Kim et al19 found a significant better
early outcome using PG compared with PJ.

Another study carried by Schmidt et al20

showed that PJ was significantly associated
with PF. These data were supported by Arnaud
et al21 in their study where they confirmed that
PG is associated with lower leak rather than

PJ and therefore deserves more widespread
use. In another non randomized study by
Takano et al22 similar to a large (441) patients
but retrospective study analyzed by Schlitt,23

PG was found to be significantly safer than
PJ, particularly regarding the incidence of
pancreatic fistula.

Oussoultzoglow et al5 found no difference
in mortality, but a significant reduction in the
rate of pancreatic fistula and the duration of
hospital stay in favor of PG reconstructions in
250 patients analyzed retrospectively. All the
above mentioned studies were in contrast to
the results in our study.

In contrast to the above mentioned results,
the rate of pancreatic leak / fistula, our study
endpoint was nearly similar in a comparison
of PG and PJ. The results are in accordance
with the results reported by Bassi et al,24 which
did not reveal any significant differences
between PG and PJ in the incidence of
pancreatic leak / fistula. Our results are also
consistent with a large randomized study
comparing PG and PJ at the Johns Hopkins
Hospital that showed no difference in the rate
of fistula following the two procedures.25

Although the overall rate of pancreatic leak
in our study did not differ in both groups, the
overall rate of complications was higher in PJ
group. The same finding was obtained by Bassi
et al.24

A registered difference between both groups
in our study is that fistula following a PG
anastomotic leakage took a shorter time to
close than those following PJ breakdown and
hence, the duration of hospital stay was higher
in complicated PJ group. This is consistent
with the results obtained by Aranha et al.12

 Another important finding in our study is
that the rate of pancreatic leak in case of small
pancrea t ic  duc t  was  h igher  a f te r
pancreat icojejunostomy rather  than
pancreaticogastrostomy.

There exist certain important factors that
directly affect the rate of pancreatic leak, such
as surgeon’s experience, pancreatic texture,
the size of the pancreatic duct, patient’s age,
estimated blood loss and operative time. Several
studies support our findings; many trials have
found that the risk of the post- operative
pancreatic fluid was significantly high in the
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presence of soft texture pancreas.26-28 Other
investigators have associated a small pancreatic
duct as a contributing factor to PF formation.8,29

Conclusion:
On the basis of the results of our prospective

randomized trial, compared PJ and PG
following PD does not significantly change
the risk of pancreatic leak /fistula. However,
the rate of leakage in case of small pancreatic
duct is lower in PG than in PJ. The overall
complications are also higher in PJ than in PG.
Therefore, we found PG to be safer than PJ as
method of pancreatic reconstruction after PD,
especially when a small pancreatic duct is
encountered. We also conclude that other
factors rather than the type of anastomosis
affect directly the outcome such as surgeon’s
experience and technical precision in
construction of the pancreatic anastomosis, the
consistency of the pancreatic parenchyma and
the size of the pancreatic duct. Other secondary
factors that may play a role are the patient’s
age, estimated blood loss, and operative time.
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