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Abstract

Pyloric preservation as modification to standard Whipple procedure 
was introduced to prevent the complications of gastrectomy ensur-
ing better gastrointestinal function. It was initially established as 
the operation of choice for chronic pancreatitis but remained debat-
able in case of malignancy, since adenocarcinoma of the pancreas 
has dismal prognosis and radical resection is the only chance for 
cure. A PubMed search of relevant articles published up to day was 
performed to identify current information about pylorous preserv-
ing pancreatoduodenectomy especially its outcome regarding radi-
cality and delayed gastric emptying. Pancreatoduodenectomy with 
pyloric preservation deals with better functional and nutritional out-
come. It exhibits similar oncological efficacy with standard Whip-
ple operation for the treatment of cancer of the pancreatic head and 
the periampullary area; it is considered as the procedure of choice 
in most of the cases. Delayed gastric emptying is not exclusively 
associated with pyloric preservation. The antecolic placement of 
the duodenojejunal anastomosis together with respect to the neuro-
vascular integrity during dissection could contribute to prevention 
of this complication. The preservation of the stomach by resection 
only the pyloric ring has been proposed as a new approach. The 
preservation of the pylorus has already been consecrated for both 

benign and malignant disease with satisfactory short and long term 
results.

Keywords: Pancreatectomy; Pancreatic diseases management; Py-
lorus preservation; Pancreatic surgery; Whipple operation; Pancre-
atic cancer

Historical Perspective and Operative Goals

The modern era of pancreatic surgery essentially begins in 
1935, the year that Whipple published a report presenting the 
first successful two-stage radical pancreatoduodenectomy 
for cancer of the ampulla of Vater [1]. The first stage of the 
operation included the construction of a gastrojejunal anas-
tomosis, ligation of the distal common bile duct and forma-
tion of a cholecystogastric anastomosis. In the second stage, 
the second part of the duodenum, ampulla of Vater, pancre-
atic head and distal common bile duct were resected and the 
pancreatic remnant was oversewn. In 1941 both Whipple 
and Trimble independently performed the one-stage pancre-
atoduodenectomy with antrectomy [2, 3]. 

In 1944 Watson described for the first time pancreato-
duodenectomy for carcinoma of the ampulla of Vater with 
preservation of the antrum, pylorus and the proximal 2.5 
centimeters of the duodenum, followed by an end-to-side du-
odenojejunal anastomosis [4]. This operation was believed 
to achieve better digestion and prevention of anastomotic 
ulcer formation. Nevertheless, it was abandoned because of 
concerns regarding its radicality in case of malignancy and 
replaced by partial gastrectomy with or without truncal va-
gotomy [5].

In 1978 Traverso and Longmire reintroduced the con-
cept of pyloric preservation in a report in which they pre-
served the pylorus during pancreatoduodenectomy in two 
patients with encouraging results [6]. They suggested that 
pyloric preservation prevents the complications of gastrecto-
my (dumping, diarrhea, anastomotic ulcer, alkaline gastritis) 
and ensures better gastrointestinal function. Further evidence 
was provided by the same authors in a subsequent study in 
1980 in which 18 patients who underwent pancreatoduode-
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nectomy with pyloric preservation for chronic pancreatitis 
or early periampullary carcinoma were followed [7]. Their 
results, in accordance with other similar reports, showed that 
pyloric preservation provides satisfactory functional and nu-
tritional outcome, hence improved quality of life [8]. Based 
on these reports, pyloric preservation was initially estab-
lished as the operation of choice for chronic pancreatitis but 
controversy remained regarding its oncologic adequacy in 
case of malignancy.

 
Operative Technique

   
An important initial step of the procedure is the careful dis-
section of the duodenal bulb and ligation of the gastroduo-
denal artery 1 cm distal to the pylorus over the duodenum. 
The duodenum is resected 2 - 4 cm distal to the pylorus. It 
is essential that pyloric innervation and vascularization must 
be kept intact in order to prevent gastric dysfunction during 
the early postoperative period. Continuity of the gastrointes-
tinal tract is restored with a two-layer end-to-side or end-to-
end duodenojejunal anastomosis depending on the preferred 
order of the anastomoses [5, 6, 9]. This anastomosis is con-
structed 40 cm distal to the preceding hepatojejunal anas-
tomosis [10] and can be either retrocolic (used during the 
early years of the procedure) or antecolic (currently used). 
Many authors prefer the antecolic anastomosis because they 
believe it provides better gastric emptying [10-12]. Delayed 
gastric emptying is reported in more than 30% of the patients 
with retrocolic and less than 15% with antecolic anastomosis 
[12].

 
Outcome

  
Radicality

Pancreatic cancer exhibits an aggressive growth pattern, 
which is associated with discouragingly poor prognosis. 
Radical resection represents the only chance for cure [13-21] 
and the sole determinant of the outcome [22]. It has been 
postulated that R1 resection (positive resection margin) is 
associated with poorer prognosis [23]. However, in contrast 
to that, it has been argued that, although R2 (macroscopic 
residual) resection is an independent predictor of poor prog-
nosis, R1 resection does not affect survival [24]. Undoubt-
edly, it should be stressed that successful curative resection 
with limited blood loss can contribute to improved survival 
[25]. Nowadays long-term survival after R0 curative sur-
gery has become a reality [26]. It should be emphasized that 
the differentiation of the tumor and nodal involvement are 
major predictors of the outcome [23]]. Morbidity remains 
high; major complications include delayed gastric emptying, 
pancreatojejunal anastomosis leakage or pancreatic fistula, 

intaperitoneal abscess and haemorrhage [27].
There are also, rare reports of repeated pancreatectomy 

for recurrent pancreatic carcinoma after pylorus-preserving 
pancreatoduodenectomy which may provide a chance for 
long-term survival [28, 29]. 

There is currently sufficient evidence supporting that 
pyloric preservation demonstrates superior postoperative 
outcome compared to standard Whipple operation, without 
compromising the oncologic outcome and subsequently the 
survival in pancreatic cancer [30, 31]. As a result, pyloric 
preservation is now widely accepted as part of the opera-
tive procedure for the treatment of chronic pancreatitis and 
cancer of the head of the pancreas or especially in the peri-
ampullary region. On the other hand, it seems that there is 
neither advantage nor disadvantage of pylorus-preserving 
pancreatoduodenectomy with pancreatico-jejunal anastomo-
sis or pancreatico-gastric anastomosis [32].

Besides the advantages and disadvantages of pyloric 
preservation and standard Whipple procedure, they have in 
common two major complications, pancreatic leakage and 
hemorrhage. Fortunately, the substantially high operative 
mortality encountered in the past, which was as high as 20%, 
is currently less than 5%. The initial argument that pyloric 
preservation restricts the area of resection has recently been 
questioned. No histological evidence of tumor infiltration in 
the area adjacent to the pylorus and in the lymph nodes of the 
lesser and greater curvatures of the stomach following stan-
dard Whipple operation has been reported. Its now widely 
accepted that pyloric preservation is suitable for most cases 
of pancreatic head cancer [33]. Standard Whipple procedure 
should be preferred in patients with large tumors and espe-
cially when located in the superior part of the head of the 
pancreas [13].

Various retrospective studies showed that pyloric preser-
vation was superior to standard Whipple procedure in terms 
of gastrointestinal function and quality of life, but no signifi-
cant difference was found in survival by other studies either 
retrospective or prospective randomized [13]. Pyloric pres-
ervation is safe and radical for the treatment of cancer of the 
head of the pancreas and the periampullary area, with similar 
survival, local reccurrence and distant metastasis rates when 
compared to standard Whipple procedure [34]. 

Delayed gastric emptying

In 1985 Warshaw described for the first time delayed gas-
tric emptying which was found in 25% of the cases and was 
initially attributed to pyloric preservation [35]. Subsequent 
studies showed that delayed gastric emptying is equally pre-
sented in the postoperative period following standard Whip-
ple procedure [13, 33, 36].

Transient gastric stasis impairing normal gastric func-
tion is common following pancreatoduodenectomy and usu-
ally resolves within 2 - 4 weeks. In the meantime, prolonged 
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nasogastric tube suction and hospital stay are required. This 
temporary gastric dysfunction during the early postoperative 
period can be attributed to either anastomotic edema or dam-
age to the neurovascular supply. The hypothesis that neural 
and vascular integrity prevents delayed gastric emptying is 
supported by the fact that this complication occurs in 8% 
after pyloric preservation and 40% after standard Whipple 
operation [33]. Subsequently, there is no clear evidence to 
suggest that pyloric preservation is to blame for delayed gas-
tric emptying. This complication probably results from other 
postoperative sequelae as angulation of the duodenojejunal 
anastomosis, subclinical leakage from the pancreatojejunal 
anastomosis and transient postoperative pancreatitis. It oc-
curred in 12% of the patients following pyloric preservation 
and 21% following standard Whipple operation [11].

Various prospective randomized controlled studies in-
vestigated delayed gastric emptying, quality of life and long-
term survival following pancreatoduodenectomy. A study 
from Japan showed that antecolic placement of the duodeno-
jejunal anastomosis in pyloric preservation results in delayed 
gastric emptying in 5% of the cases, which is significantly 
lower than the 50% found when the anastomosis was con-
structed in a retrocolic fashion [13]. However, a recent ran-
domized controlled trial found that the incidence of delayed 
gastric emptying appear to be unrelated to the method of 
reconstruction, either this is antecolic (34.4%) or retrocolic 
(27.8%). Older age may be a risk factor [37]. Pathogenesis of 
this complication includes various predisposing factors such 
as local ischemia of the antrum, deprivation of duodenal mo-
tilin, postvagotomy gastric atony and gastric dysfunction re-
lated to other complications (e.g. abscess). 

In a study from Germany, pyloric preservation as part 
of an operation for pancreatic cancer was found to achieve 
superior results compared to standard Whipple in terms of 
duration of the operation, intraoperative blood loss, delayed 
gastric emptying, hospital stay. Long-term outcome such as 
gastrointestinal function and digestion were also found supe-
rior but morbidity (30% vs. 32%), mortality (5% vs. 3%) and 
mean survival did not differ significantly [10]. 

A multi-center, prospective, randomized study from 
Holland involving 170 patients with cancer of the pancreas 
and the periampullary area, showed no difference between 
pyloric preservation and standard Whipple in terms of op-
erative blood loss, duration of the operation, hospital stay, 
delayed gastric emptying, morbidity and mortality. Mean 
survival and disease-free survival also showed no significant 
difference. Therefore, both techniques are considered by the 
authors as equally effective for the treatment of periampul-
lary cancer [38]. However, in a recent prospective, random-
ized, controlled trial, resection of the pyloric ring with pres-
ervation of nearly the entire stomach was found to result in 
significantly lower incidence of delayed gastric emptying 
(4.5%) compared to pylorus-preserving pancreatoduodenec-
tomy (17.2%) [39].

Limited data and only in selected patients exist concern-
ing the laparoscopic approach [40] or robotic-assisted major 
pancreatic resection [41].

Conclusions
  
Pancreatoduodenectomy with pyloric preservation demon-
strates acceptable functional and nutritional outcome with 
the additional benefit of preventing the complications of 
gastrectomy. It exhibits similar oncological efficacy with 
standard Whipple operation for the treatment of cancer of 
the pancreatic head and the periampullary area and is consid-
ered as the procedure of choice in most of the cases. Delayed 
gastric emptying is not exclusively associated with pyloric 
preservation and antecolic placement of the duodenojejunal 
anastomosis together with respect to the neurovascular in-
tegrity during dissection could contribute to prevention of 
this complication.
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