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The aim of this study was to evaluate the place of pancreaticogastrostomy (PG) in reducing pancreatic
fistula after pancreatoduodenectomy. From January 1988 to June 1991, 32 consecutive patients (mean
age, 57 years) were operated on, 25 for malignant disease (78%). The pancreatic remnant was normal in
17 patients (53%) and sclerotic in the others. There was one operative death (3.1%) unrelated to PG.
Post-operative complications occurred in five patients (16%). Only two complications were related to
PG: 1 patient had anastomotic intra-gastric bleeding and was reoperated on, 1 patient with a normal
pancreatic remnant developed a pancreatic fistula (3.1%) treated conservatively.
Reported series of PG, as well as our results, demonstrates that PG is associated with a dramatic

decrease of both pancreatic fistula and mortality rates. The risk of anastomotic haemorrhage can be
reduced by preventative ligation of submucosal gastric vessels.

In conclusion, PG appears as a simple and reliable method of management of the pancreatic remnant
after pancreatoduodenectomy.
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Pancreaticoduodenal resection is performed for treatment of both benign and
malignant diseases of the periampullary region and head of the pancreas. One of
the main problems after this resection concerns the management of the residual
pancreatic stump. Pancreaticojejunostomy is the most often used procedure but its
dehiscence occurs in about 10% of cases and can be associated with a specific
morbidity and mortality1-7. Pancreaticogastrostomy (PG) was emphasized in recent
series of pancreaticoduodenal resections reported without pancreatic fistula8-11.
We report here our experience of this technique after pancreatoduodenectomy.

PATIENTS AND METHODS

Patients

From January 1988 to June 1991, 32 consecutive patients (22 males and 10 females)
aged 35-69 years (average: 57 years) underwent a pancreatoduodenectomy. This
resection was performed for the following diseases" adenocarcinoma of the pan-
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creatic head (n 21), carcinoma of the ampulla of Vater (n 3), cystic dystrophy
of aberrant pancreatic tissue (n 2), chronic pancreatitis (n 4), solitary
metastasis of a renal adenocarcinoma (n 1), injury of the duodenum with large
defect during resection of a retroperitoneal sarcoma (n 1). Pathological examin-
ation of the pancreatic parenchyma showed normal pancreatic tissue in 17 cases
(53%) and sclerotic tissue in 15 (47%).

Operative Procedure

The neck of the pancreas was transected to the left side of the portal vein. The
pancreatic duct was identified and individual bleeeding vessels were ligated using
single 6-0 polypropylene suture (Prolene(R)). The stump of the remaining pancreas
was freed from retroperitoneal attachment for 2 cm. The posterior wall of the
stomach was approximated to the pancreatic stump without tension and the site of
the gastric incision was easily found on the antrum if a pylorus-preserving pro-
cedure was performed, as in 4 patients operated for benign diseases. After distal
gastrectomy (n 28), gastric mobilisation was often necessary in order to perform
the PG on the fundus. The anastomosis was performed with 4-0 Prolene(R)

continuous suture between the gastric seromuscular layer (after preventative
ligation of submucosal gastric vessels) and the pancreatic parenchyma. No tube was
left through anastomosis but care was taken to avoid pancreatic duct obliteration.
Biliary and digestive tracts were restored by hepaticojejunal and gastrojejunal
anastomosis to the first jejunal loop. Open drainage was always left in place near
PG and choledocojejunostomy up to the 6th post-operative day; amylase level in
the drainage fluid was assayed daily. A nasogastric tube was left in place until the
return of intestinal activity. A postoperative oral radiologic study was performed
only if a PG fistula was suspected on the clinical or biological data (amylase level in
the drainage fluid more than 3 times normal serum amylase level).

RESULTS

The postoperative course was uncomplicated in 26 patients (81%). Six patients had
postoperative complications with one (3.1%) postoperative death.
One peritoneal haemorrhage due to slippage of the gastroduodenal artery

ligature was the cause of the postoperative death (day 2). In this patient, no
pancreatic complication was observed at emergency reoperation.
One patient developed postoperative pancreatitis diagnosed by elevation of

serum amylase level and enlargement of the pancreatic stump on CT scan; this
patient was successfully treated conservatively during 12 days by parenteral
nutrition and somatostatin. Two patients developed sub-phrenic collections: one
patient with infected biliary collection (E. Coli) was reoperated on at day 6; the
other patient with a sterile serous collection was treated by percutaneous drainage
on day 10. Amylase levels in these two collections was less than 3 times normal
serum amylase level. One patient developed intra-luminal haemorrhage on the first
postoperative day. Reoperation was performed and bleeding was located on the
gastric side of the PG; hemostasis was obtained by vessel ligation through an
anterior gastrotomy. This patient who was the first of our series didn’t undergo
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preventative ligature of submucosal gastric vessels. In the 3 reoperated patients,
the PG was healed.
Only one patient developed a pancreatic fistula on the 5th post-operative day;

this fistula, drained by the operatively placed drains, closed after total parenteral
nutrition and somatostatin until the 18th postoperative day. Thus, the overall
pancreatic fistula rate of our series was 3.1%.

DISCUSSION

After pancreatoduodenectomy with pancreaticojejunostomy, pancreatic fistula is
the most serious postoperative complication observed. The rate of this complica-
tion is still close to 10%; when it occurs, it is often associated with a significant
morbidity and an increased mortality rate35’7’2-16. In order to reduce the incidence
and the severity of these fistulae, several techniques of pancreaticojejunostomy
have been described including: (a) pancreatic, biliary and gas.tric anastomosis using
the same first jejunal loop (Child’s procedure) and its modification: end-to-end1’12’6

or end-to-side anastomosis14, with or without stent3, or with a 60 cm interval
between pancreatic and other anastomoses6; (b) anastomosis isolated on a separate
Roux-en-Y loop2. Comparative analysis of these different procedures shows that
pancreaticojejunostomy with 60 cm interval6 or with isolated Roux-en-Y seems to
be associated with a lower mortality rate.
On the other hand, some authors have proposed to close the stump of the

pancreatic remnant, sometimes after adhesive injection inthe ductal system2’17’18’19.
Comparison between pancreatic stump closure and pancreaticojejunostomy shows
no difference in pancreatic fistula rate but a lower mortality rate with stump closure

17due to the absence of septic contamination
Pancreaticogastrostomy, first described by Waugh and Clagett in 19462, was

emphasized by recent and important series of pancreaticoduodenal resections
reported without pancreatic fistula8-11. According to these favorable results, we
decided to perform systematically this procedure with direct suture between the
pancreatic stump and the posterior gastric wall. Some authors perform the
anastomosis by intussusception of the pancreatic end into the gastric lumen1. PG is
performed easily in association with preservation of the pylorus. When a simulta-
neous distal gastrectomy is performed, the anastomosis required a gastric mobiliza-
tion by opening the gastrocolic ligament; however, PG is impossible in the case of a
previous two-thirds gastrectomy. As shown in Table 1, a very low fistula rate after
this procedure is reported. Among 177 patients, only two fistulae (1.1%)m
including one of our patients were reported; none of them required reoperation.
The risk of pancreatic fistula (3.4%) is dramatically reduced by PG, although it
persists in cases of a non-sclerotic pancreatic stump (i.e. pancreatic carcinoma) as
in the two reported cases21.
Both fistula and mortality rates after PG compare faborably with those reported

with other procedures concerning the pancreatic stump2’6’13’17’18. Furthermore, PG is
easier and less time-consuming to perform than isolated pancreaticojejunostomy
and pancreatic exocrine function is not suppressed as in the case of closure of the
pancreatic stump. The low rate of pancreatic fistula observed after PG could be
explained by several factors: (a) the pancreas lies in a natural opposition to the
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Table 1 Reported series of pancreaticogastrostomy after pancreatoduodenectomy

Pancreatic Anastomotic
Authors (ref) Patients fistula haemorrhage Mortality

Mackie 1975 (21) 25 2
Flautner 1985 (9) 27 1
Kapur 1986 (11) 31 2 2
Icard 1988 (10) 17 1
Delcore 1990 (8) 45 1 1
Present study 1991 32 1 1 1
Total 177 2(1,1%) 6(3,4%) 6(3,4%)

posterior gastric wall providing an anastomosis without tension; (b) gastric acidity
inhibits the activation of pancreatic enzymes; (c) nasogastric aspiration provides
decompression of the PG while equivalent precaution with pancreaticojejunostomy
needs a V61ker’s drainT; (d) the thickness of the stomach wall provides a safer
anastomosis than with jejunum.
Anastomotic haemorrhage, as we observed in our first patient, seems to be a

specific complication of this procedure observed in 3.4% of cases8-11’21. It occurred
mainly from the gastric wall, either with direct suture or with intussusception9-11.
We have not observed this complication since we started performing a preventive
ligation of the sub-mucosal gastric vessels.
Long-term permeability of pancreaticojejunostomy is uncertain19. Conversely

the long term permeability of PG and a normal pancreatic exocrine function were
demonstrated in patients who had undergone pancreatoduodenectomy for benign
or low-malignant diseases8’22. In patients with chronic pancreatitis who underwent a
side-to-side wirsungogastrostomy, a better long term pain control than with
pancreaticojejunostomy has been reported23. The transient inactivation of pancrea-
tic enzymes on the anastomotic site probably explains the best permeability of the
anastomosis between pancreas and stomach.

In conclusion, our results support that pancreaticogastrostomy is a simple and
safe alternative to pancreaticojejunostomy after pancreatoduodenectomy.
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INVITED COMMENTARY

Sauvanet and colleagues report excellent results of pancreatogastrostomy after
pancreatoduodenectomy in 32 consecutive patients. Their series includes one
pancreatic fistula (3.1%), one anastomotic hemorrhage (3.1%) and one postopera-
tive death (3.1%). These results are similar to their review of six reports since 1975
totalling 177 patients. In this collective review the reported rates of pancreatic
fistula, anastomotic hemorrhage, and mortality were 1.1%, 3.4%, and 3.4%,
respectively. This pancreatic fistula rate is significantly lower than the 10% to 20%
rates reported with other methods of handling the pancreatic remnant.

Multiple techniques have been devised to deal with the pancreatic body and tail
after resection of the head, suggesting that none is ideal. Surgical options include
(1) a "dunking" end-to-end pancreatojejunostomy, (2) a rnucosa-to-rnucosa end-
to-side pancreatojejunostomy, (3) a separate Roux-Y jejunal loop to the pancreas,
(4) a 60cm interval between the pancreatic and other anastomoses, (5) pancreato-
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gastrostomy, (6) closure of the pancreatic remnant without ductal occlusion, (7)
occlusion of the pancreatic duct with various agents combined with closure of the
pancreatic stump, and (8) total pancreatectomy.
With options 1 through 5 which include a pancreatic anastomosis, debate also

continues on the advisability of stenting the anastomosis and, when a stent is used,
whether it should be totally indwelling or extend externally. With options 6 to 8
which avoid a pancreatic anastomosis, an additional problem is pancreatic exocrine
insufficiency and the life-long need for pancreatic enzyme replacement. In addi-
tion, with total pancreatectomy dail3 insulin is required, and recent evidence
suggests that hepatic steatosis and even liver failure may be additional long-term
concerns. Moreover, total pancreatectomy has not proven to improve survival in
patients with pancreatic cancer. As a result, most groups world-wide with consider-
able experience have abandoned options which avoid a pancreatic anastomosis.
Thus, the problem of pancreatic fistula after pancreatoduodenectomy remains a
real issue that has yet to be solved.

Older literature clearly suggested a correlation between the rate of pancreatic
fistulas and operative mortality. However, multiple reports from around the world
have now documented mortality rates below 3% even with pancreatic fistula rates
that remain in the 10% to 20% range. Multiple factors may explain this change
including (1) the use of closed suction drains with monitoring for amylase to
diagnose a fistula earlier, (2) the liberal use of computerized tomography (CT)
scans postoperatively to diagnose pancreatitis or a perianastomotic collection, (3)
CT-guided aspiration and percutaneous drainage of loculated intra-abdominal fluid
collections, (4) an appreciation of the importance of nutritional status of the patient
preoperatively, (5) the postoperative use of total parenteral nutrition in patients
who develop a fistula, and (6) the routine use of prophylactic antibiotics and agents
to prevent stress ulceration. Moreover, the use of somatostatin perioperatively is
another more recent change in patient management that may further reduce the
risk of pancreatic fistula and related mortality.
While the relationship between a pancreatic fistula and mortality is less clear now

than in the past, a postoperative pancreatic fistula clearly increases hospital stay
and cost. Thus, the multiple reports suggesting that pancreato-gastrostomy is
associated with a very low pancreatic fistula rate must be examined more closely. In
the report by Sauvanet and associates the authors monitored drain amylase and
documented that intra-abdominal fluid collections requiring drainage were low in
amylase. However, in most of the other reports claiming a low rate of pancreatic
fistulas after pancreatogastrostomy, this information is not provided.
An additional theoretical concern with a pancreatogastrostomy that does leak is

the added morbidity of a combined gastric and pancreatic fistula. However, since
only two anastomotic leaks have been reported, this potential problem remains
more theoretical than real. Anastomotic hemorrhage has also been reported in
3.4% of patients undergoing pancreatogastrostomy. While the incidence of this
problem following pancreatojejunostomy is not well documented in the literature,
it is probably less than 3%. In addition, when bleeding does occur after a
pancreatojejunostomy, it usually comes from the pancreas rather than the jeju-
num. In comparison, the bleeds that have been reported after pancreatogastros-
tomy have mostly arisen from the gastric wall. Additional theoretical problems
after pancreatogastrostomy that have not been adequately addressed in the avail-
able literature are delayed or precipitous gastric emptying and marginal ulceration.
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Sauvanet et al. claim that pancreatogastrostomy is easier to perform than a
separate Roux-Y jejunal limb to the pancreas. While this statement is probably
true, most experienced pancreatic surgeons anastomose the pancreas, bile duct,
and duodenum or stomach to the proximal jejunum without making a separate
Roux-Y loop. Thus, in terms of operative time the pancreatogastrostomy provides
no obvious advantage over the conventional pancreatojejunostomy. Moreover, a
theoretical problem with a separate Roux-Y jejunal limb to the pancreas is an
increased incidence of marginal ulceration. With the more conventional reconstruc-
tion, the presence of alkaline pancreatic secretions in that portion of jejunum
anastomosed to the duodenum or stomach neutralizes gastric acid and lowers the
incidence of marginal ulceration.
The physiologic effects of draining alkaline secretions directly into the stomach

also need to be studied. How does pancreatogastrostomy affect the release of
gastrin and secretin as well as other gastrointestinal hormones? Similarly, how does
anastomosing the pancreas to the stomach affect the output of gastric acid and
pancreatic juice? Moreover, are the answers to these questions influenced by
preservation of the pylorus versus antrectomy with or without vagotomy? Most of
these questions can be answered in animal studies that have yet to be, but should
be, performed.

Despite these many unanswered questions regarding pancreatogastrostomy,
present data suggest that this anastomosis is a legitimate rival to the more
traditional pancreatojejunostomy. However, to convince many pancreatic surgeons
that pancreatogastromy is the procedure of choice, careful physiologic studies in
patients who have undergone this procedure should be undertaken. Moreover, to
document that pancreatogastrostomy does have a lower pancreatic fistula rate,
which should lead to reduced hospital stay and cost, a prospective, randomized trial
versus pancreatojejunostomy needs to be performed.

H.A. Pitt
.Department of Surgery

Johns Hopkins Medical Institutions
Baltimore, Maryland, USA

INVITED COMMENTARY

In 1948 Waugh and Clagett described a technique of pancreaticogastrostomy for
alimentary reconstruction after partial pancreatico-duodenectomy. The authors
report to have used this technique with outstanding success in 32 patients. It
should, however, be recalled that, according to the pathologist’s report, the cut
edges consisted of normal pancreatic tissue in only 17 cases, while sclerotic tissue
had already developed in the remaining 15. Technically, this in itself reduces the
risk of fistulation or pancreatitis by almost 50%.
The results reported by the authors appear to be excellent at first glance and, no
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doubt, reflect a high standard of technical excellence. Still they are best fair to
middling in statistical terms, because latest mortality rates vary between 0.7% in
the commentator’s material and 0% in 118 consecutive pancreaticoduodenectomies
done by Trede.
What, then, are the conclusions that can be drawn from the report?
Procedures for alimentary reconstruction after partial pancreatico-

duodenectomy basically fall into one of three groups"
a. Procedures in which the pancreatic remnant is included in the passage of food

(anastomosis to the stomach and Roux-en-Y anastomosis to the jejunum). This is
the group to which the authors’ technique belongs.

b. Procedures in which the pancreatic remnant is excluded from the passage of
food (double Roux-en-Y anastomosis), but contributes its excretory function.

c. Complete exclusion of the pancreatic remnant in terms of ligation or oblite-
ration of the pancreatic duct with or without fibrin sealant and with or without
Ethi-block installation.
The most serious complications are partial pancreatitis involving the pancreatic

remnant and, secondary to it, the development of a pancreatic fistula. But these are
only relevant, if the ingested food passes through the critical segment with resultant
isoperistaltic or antiperistaltic leakage ("fed fistula"). Inspite of the temptations of
artistic surgery, preference should therefore be given to that technique which offers
the greatest pathophysiologic benefits even if (surgically uncontrollable) fistulation
does occur. Of the above procedures, the only candidates fulfilling these criteria are
those listed under b. and c. With a view to preventing fistulation, total pancreatec-
tomy, while still done occasionally, should be ranked among the obsolete pro-
cedures anyway.

In light of the above and in view of the comparatively small number of patients,
the reported results are hardly likely to prompt any modification of the pathophy-
siologic concepts underlying pancreatic duct reconstruction. However, they docu-
ment that, given a high standard of surgical skills, there still may be a place for the
procedure at least until proven otherwise by controlled randomized trials.
Considering that the outcome of surgery is generally satisfactory so that a large
patient material would be needed for any such trial, this proof will not be furnished
forthwith.

J. Funovics
Vienna


