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Abstract
Pylorus-preserving pancreaticoduodenectomy (PPPD) 
is nowadays considered the treatment of choice for 
periampullary tumors, namely carcinoma of the head, 
neck, or uncinate process of the pancreas, the ampulla 
of Vater, distal common bile duct or carcinoma of the 
peri-Vaterian duodenum. Delayed gastric emptying (DGE) 
comprises one of the most troublesome complications 
of this procedure. A search of the literature using 
Pubmed/Medline was performed to identify clinical 
trials examining the incidence rate of DGE following 
standard Whipple pancreaticoduodenectomy (PD) vs  
PPPD. Additionally we performed a thorough in-depth 
analysis of the implicated pathomechanism underlying 
the occurrence of DGE after PPPD. In contrast to early 
studies, the majority of recently performed clinical 
trials demonstrated no significant association between 
the occurrence of DGE with either PD or PPPD. PD 
and PPPD procedures are equally effective operations 
regarding the postoperative occurrence of DGE. Further 
randomized trials are required to investigate the efficacy 
of a recently reported (but not yet tested in large-
scale studies) modification, that is, PPPD with antecolic 
duodenojejunostomy.
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INTRODUCTION
The introduction of  partial pancreaticoduodenectomy 
for the treatment of  carcinoma of  the ampulla of  Vater 
dates back to almost a century ago and is credited to 
Kausch, a German surgeon from Berlin[1]. Then, in 1935 
Whipple and associates redefined this procedure as a 
two-stage pancreaticoduodenectomy, where the pylorus 
and proximal duodenum are closed and preserved, 
while gastrointestinal continuity is re-established via a 
gastrojejunostomy[2]. Six years later, the first successful 
one-stage radical pancreaticoduodenectomy in which 
the distal stomach, pylorus and duodenum are removed, 
was reported independently by Whipple[3] and Trimble 
and coworkers[4]. Whipple is credited with popularizing 
the procedure, which now bears his name. Whipple 
pancreaticoduodenectomy (PD) has become the standard 
procedure of  choice for many decades for the treatment 
of  benign disorders requiring pancreaticoduodenectomy 
(such as chronic pancreatitis)[5], as well as for the treatment 
of  periampullary tumors (carcinoma of  the head, neck, or 
uncinate process of  the pancreas, ampulla of  the Vater, 
distal common bile duct, or peri-Vaterian duodenum)[6,7]. 
In 1978, Traverso and Longmire[8] reported a technique by 
which the whole stomach and 2.5 cm of  the duodenum 
are preserved, restoring the gastrointestinal continuity by 
duodenojejunostomy. By application of  pylorus-preserving 
pancreaticoduodenectomy (PPPD), the postgastrectomy 
syndrome (postprandial dumping, diarrhea, dyspepsia, 
nausea and vomiting) following Whipple resection is 
reduced and better functional results are achieved[9]. 
Although this technique has been initially reported by 
Watson[10] more than three decades before, the study by 
Traverso and Longmire[8] did not receive enough attention 
and has not been widely applied. In recent years, PPPD 
has been used increasingly by many surgeons, and is 
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considered the treatment of  choice in many pancreatic 
surgery reference centers worldwide, despite the opinion 
that PPPD does not allow adequate resection of  pancreatic 
or periampullary tumors[11,12]. 
    A shorter operating time and a reduced intraoperative 
blood loss as a result of  omission of  gastric resection 
requiring the transfusion of  fewer units of  blood, as well 
as avoidance of  PD-related dumping syndrome, better 
postoperative weight gain and a better quality of  life, are 
considered advantages of  PPPD over PD[8,13-20]. However, 
PPPD has been linked with a major drawback, that is, 
delayed gastric emptying (DGE), which is responsible 
for prolonged hospital stay and increased associated 
morbidity[11,21-23]. DGE has been reported in early studies 
to occur in up to 70% of  patients undergoing PPPD proce
dure[11,14,15,22-28]. Although the incidence of  DGE appears to 
be declining in later published reports [5,29-31], DGE remains 
a leading cause of  PPPD postoperative complications. 
The concern regarding an increased incidence of  DGE 
following PPPD has prevented the adoption of  this 
technique by some major American pancreatic centers[32].
    Due to the fact that no uniform definition for DGE 
following pancreatic surgery exists, numerous controversial 
opinions have been reported regarding the efficacy of  
these techniques as causative factors for postoperative 
DGE occurrence. In an attempt to demonstrate which 
procedure, PD or PPPD, is preferable with regards to 
post-operative DGE occurrence, we performed a review 
of  randomized, controlled trials in the English literature 
investigating the incidence of  DGE following PPPD 
compared with PD. We further analyzed the various 
implicated pathomechanisms leading to the occurrence of  
DGE.

Definition of DGE
The occurrence of  DGE following PPPD is initially 
reported by Warshaw and Torchiana[22]. In their study that 
included 8 patients undergoing PPPD, only 1 tolerated 
solid food within 10 postoperative days. Early studies have 
used a wide variety of  definitions for DGE following 
pancreatic surgery. Some researchers have defined DGE 
as the inability to tolerate a regular or normal diet by the 
tenth[14,22,27] or fourteenth[26] postoperative day, or the start 
of  a liquid diet after ≥ 7 d [25]. Others have described 
DGE as gastric stasis requiring gastric suction for 7 d[11,15] 

or ≥ 10 d[24,28].
    In the recent years, although various definitions for 
DGE exist, 3 seem to be most widely acceptable. (1) 
According to the first definition[24], DGE occurs when 
the nasogastric tube is left in place for ≥ 10 d plus one 
of  the following: emesis after removal of  the nasogastric 
tube, reinsertion of  a nasogastric tube, postoperative use 
of  prokinetic agents after the 10th postoperative day, or 
failure to progress with diet. (2) According to the second 
definition[33], DGE occurs when nasogastric intubation is 
required ≥ 10 d following the operation, or is reinserted 
due to vomiting. (3) According to the third definition[34], 

DGE occurs when nasogastric intubation is required ≥ 10 
d following the procedure or when a solid diet cannot be 
tolerated on or before the 14th postoperative day.

    Independent of  the correct definition, DGE not 
only leads to repeated episodes of  nausea and vomiting, 
but also has an impact on postoperative weight gain, 
duration of  hospitalization[26] and related morbidity, while 
it may also lead to fatal aspiration and pneumonia[35]. It 
is therefore a dangerous and potentially life-threatening 
complication. 

What is the pathomechanism 
underlying the occurrence of DGE?
A number of  theories have been postulated to explain 
the occurrence of  DGE after PPPD. Physiological 
gastric emptying and motility of  the digestive system are 
complex processes that are controlled and regulated by 
complicated physiological mechanisms. Tonic contractions 
of  the proximal stomach are important for the transfer 
of  liquid food from the stomach to the duodenum[36,37], 

while peristaltic contractions of  the distal stomach are 
of  primary importance for reducing the size of  the solid 
food particles and for the transfer of  solid food to the 
duodenum[38]. Furthermore, certain properties of  ingested 
food, such as volume, osmolality, pH and nutrient content, 
may down-regulate the motility of  the digestive system, 
either via vagal and splachnic sensory pathways which 
mediate inhibition of  gastric motility induced by duodenal 
distension[39], or via cholecystokin- and secretin-mediated 
pathways[40].
     Cholecystokinin (CKK) has been shown in animals and 
humans to inhibit gastric emptying (especially the liquid-
phase emptying of  the stomach)[41] via a vagal capsaicin-
sensitive afferent pathway and by stimulating phasic 
and tonic pyloric motility[42-45]. Muller and associates[46] 
reported that CCK levels decrease from 1.1 ± 0.2 pmol/L 
preoperatively to 0.8 ± 0.2 pmol/L 10 d postoperatively, 
and to 0.5 ± 0.1 pmol/L following PPPD, though no 
statistical significance could be demonstrated. The 
decrease in CCK levels is attributed to the resection of  
the duodenum, because high concentrations of  CCK are 
found in the duodenal mucosa. 
    An alternative explanation is that the reduction of  CCK 
levels is an adaptive response to DGE. Large amounts of  
CCK can also be released from the jejunum, as proven by 
the fact that bypassing of  the duodenum in patients with 
Billroth Ⅱ gastrectomy does not decrease CCK secretion 
after ingestion of  fats[47]. A finding that supports this 
theory is that blockage of  CCK receptors with antagonists 
accelerates gastric emptying[48].
     The role of  plasma secretin levels in the development 
of  DGE following PPPD remains controversial and has 
not yet been fully elucidated[46,49-50]. Another mechanism 
that has been demonstrated to influence food transit is 
CCK-mediated pancreatic polypeptide (PP) release, which 
is mainly controlled by vagal cholinergic mechanisms[51-53]. 
Studies in dogs and humans have shown that the 
duodenum and vagal innervation are necessary for normal 
postprandial release of  PP from pancreas[54,55]. PPPD has 
been shown to be significantly associated with reduction 
of  PP levels compared with the preoperative findings[46]. 
This reduction seems to be due to resection of  the 
pancreatic head, where the majority of  PP-producing cells 
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are located[54]. 
    Other researchers support the theory that DGE occurs 
as a direct result of  the removal of  the duodenum, 
which influences gastric secretion and emptying as 
well as pancreatic and biliary secretion, thus playing an 
important role in the regulation of  pancreatic hormone 
release[56,57]. In addition, duodenectomy disrupts the 
coordination of  gastric and intestinal migrating motor 
complexes[58], decreases the postprandial PP release[59], 
and abolishes the interdigestive cycles of  plasma PP[54]. 

Other investigators believe that preservation of  the 
duodenal pacemaker located 0.5-1 cm distally from the 
pylorus should be the mainstay of  the procedure, in order 
to avoid disturbances in normal gastric peristalsis[60]. 

Gastric dysrhythmias probably exacerbated by some intra-
abdominal complications such as an anastomotic leak 
or an abscess have also been thought to be the causative 
factor for DGE following PPPD[61]. In addition, problems 
caused by the surgical procedure itself, namely the injury 
to the nerve of  Latarjet, or placement of  suture material 
through the pyloric muscle resulting in ischemia of  the 
gastroduodenal segments and gastroparesis, have similarly 
been implicated[15]. 
    Multiple other causative agents have been implicated 
as etiological factors for DGE after PPPD, namely 
intra-abdominal complications, such as a leakage or an 
abscess[16,26,61,62], postoperative pancreatitis[63], pancreatic 
fibrosis[64], preoperative cholangiitis[62], pylorospasm 
secondary to vagal injuries that requires the performance 
of  pyloromyotomy[65], alternation of  the endocrinologic 
millieau[15,19], early enteral nutrition commencing on 
the first postoperative day[66], and torsion or angulation 
of  the reconstructed alimentary tract[23,67]. It has been 
advocated that preservation of  the right gastric artery is 
essential for avoidance of  DGE, because of  its arterial 
supply to the pylorus and antrum[23], although there are 
other investigators who do not support this theory[64]. A 
more recent experimental study suggests that division of  
neurovascular supply to the pylorus and/or transection 
of  the duodenum may lead to DGE following PPPD[68]. 
These investigators underlined that, besides the right 
gastric artery, additional preservation of  the supraduodenal 
artery, as well as conservation of  the pyloric branch of  the 
vagus nerve, are crucial for avoidance of  DGE following 
PPPD.
    In an interesting study from two surgical institutes in 
the Netherlands[69], the choice of  Billroth I (proximal 
end-to-end duodenojejunostomy) or Billroth Ⅱ (end-to-
side pancreatojejunostomy at the end of  the jejunal loop, 
followed by end-to-side hepaticojejunostomy and an end-
to-side duodenojejunostomy) type of  reconstruction has 
been shown to influence DGE after PPPD. Although 
significantly less procedure-related complications were 
noted following Billroth I compared to Billroth II type of  
reconstruction (18% vs 42% respectively, P < 0.05), DGE 
occurred in significantly more patients receiving Billroth 
I compared to Billroth Ⅱ type of  reconstruction (76% vs 
32% respectively, P < 0.05).
    The type of  reconstruction of  pancreaticogastroin
testinal continuity following pancreatoduodenectomy 
has also been implicated to play a significant role in the 

development of  DGE. A randomized study comparing 
pancreaticogastrostomy [PG] (69 patients) vs end-to-side 
pancreaticojejunostomy [PJ] (82 patients)[70], showed that 
PG is superior regarding DGE rates (2 vs 10 patients, 
or 3% vs 12%, respectively, P = 0.03). By using the PG 
reconstructive technique (a single layer of  nonabsorbable 
inter rupted st i tches on the poster ior wal l of  the 
stomach)[71] instead of  PJ (single layer pancreaticojejunal 
or duct to mucosa technique)[72], the authors found that 
significantly less complications occur (25% vs 68%, 
respectively, P = 0.002). More specifically, the lower rates 
of  biliary fistulae (0% vs 8.5%, respectively, P = 0.01) and 
intra-abdominal fluid collections (10% vs 27%, respectively, 
P = 0.01) following PG compared with PJ, are the main 
culprits for the decreased rates of  DGE.
    Postoperative complications have been reported to 
correlate significantly with the occurrence of  DGE in 
other trials as well. Horstmann and associates[73] showed 
that the incidence of  DGE increases from 1% when 
no postoperative complications occur, to 28% and 43% 
respectively when moderate (wound infection, temporary 
cardiopulmonary complications, transient occurrence 
of  amylase/lipase-rich drainage fluid without signs of  
sepsis) and severe (anastomotic leakage, bleeding, septic 
complications, reoperation) complications occur (P < 
0.0001). The results of  several other studies lend support 
to this theory[16,27,33,74-77]. 
    An in-depth analysis of  the physiology of  the 
mechanism underlying the occurrence of  DGE has also 
been reported, showing that the initiation of  interdigestive 
phase Ⅲ is closely related to the elevation of  plasma 
motilin concentration[78]. Motilin, a 22-aminoacid residue 
polypeptide, originates in motilin cells, which are scattered 
in the duodenal epithelium[78]. Erythromycin and related 
14-member macrolide compounds act as motilin agonists 
by binding to motilin receptors, which are largely confined 
to the antrum of  the stomach and the upper duodenum[79], 
thus initiating phase 3 activity of  the interdigestive 
migratory motor complex (MMC)[80-81]. An early study[24] 

showed that patients administering high doses (200 mg) of  
erythromycin every 6 h from postoperative d 3 to 10 have 
a 53% reduction in the incidence of  DGE compared with 
placebo. 
    Studies in unfed normal patients have shown that 
high doses of  erythromycin (200-300 mg) induce strong, 
prolonged bursts of  antral contraction, which are not 
propagated to the small intestine[82,83]. On the contrary, 
erythromycin administered in low doses (40 mg) induces 
premature phase 3, commencing in the stomach and 
migrating through the small intestine, which is similar to 
spontaneously occurring phase 3[82]. To test this hypothesis, 
Ohwada and coworkers[84] performed a prospective 
randomized, placebo-controlled trial investigating the effect 
of  low-dose erythromycin vs placebo administration on 
DGE following PPPD and demonstrated that intravenous 
administration of  erythromycin lactobionate (1 mg/kg) in 
50 mL of  0.9% saline, given over 15 min through a central 
venous route every 8 h from postoperative d 1 to 14 results 
in reduction in the incidence of  DGE following PPPD 
compared with placebo (14.3% vs 57.1% for erythromycin 
and placebo respectively, P = 0.04). Use of  low-dose 
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erythromycin is significantly associated with induction 
of  phase 3 of  the MMC and initiation of  phase 3-like 
contractions (P < 0.0001), earlier nasogastric tube removal 
(P < 0.001) and earlier progression to diet (P < 0.003). In 
contrast, the number of  patients who had a nasogastric 
tube reinser ted and emesis after nasogastric tube 
removal was similar in both groups. Still, erythromycin 
administration was associated with a 75% reduction in 
the incidence of  DGE. In addition, a stepwise multiple 
regression analysis using a Cox proportional hazard model, 
showed that erythromycin and preservation of  right 
gastric artery are significant covariates. Right gastric artery 
removal is a predictive factor for the effectiveness of  
erythromycin. The authors concluded that a low dose of  
erythromycin is not only more effective in reducing DGE 
after PPPD, but is also associated with a much lower rate 
of  adverse effects compared with a high dose. 
    Octreotide, a long-lasting somatostatin analogue[85], 

administered preoperatively and continued postoperatively 
for 7 d at a dosage of  100 μg given subcutaneously 3 
times a day has been reported to accelerate the rate of  
gastric emptying[86]. A randomized, placebo controlled trial 
in healthy volunteers[87], showed that administration of  
octreotide in the above-mentioned dosage can significantly 
accelerate gastric emptying compared to placebo (P < 
0.05). It is hypothesized that this occurs as a result of  
the suppression of  postprandial CCK release. A role in 
the prevention of  DGE following pancreatic surgery 
is thus suggested. A randomized, placebo-controlled 
report[88], however, has questioned the role of  octreotide 
in pancreaticoduocenectomy procedures. A similar study[89] 
showed that although octreotide use is associated with 
decreased rates of  DGE compared with non-use, its use is 
significantly associated with the development of  pancreatic 
fistulae. Based on their findings, the authors suggest 
avoidance of  routine use of  octreotide after pancreatico
duodenectomies until the development of  international 
guidelines.

Is DGE significantly associated 
with PPPD, but not with PD?
We searched the Medline/Pubmed database for clinical 
studies comparing the efficacy of  PD versus PPPD 
with regards to DGE excluding publications not in the 
English language (Table 1). As a result, a total of  17 trials 
investigating the incidence of  DGE after PPPD compared 
with PD are identified[6,12,20,25,34,63,66,73,77,90-97]. On the whole, 
910 patients undergoing PD are compared with 1078 
patients undergoing PPPD. Therefore, a total of  1988 
patients have participated in these 17 studies. 
    Most early studies[12,25,63,90] showed that PD is superior 
to PPPD regarding incidence rates of  DGE. However, 
only one study has demonstrated statistical significance in 
this outcome[25]. Another study showed that the difference 
in the occurrence rates of  DGE after the two procedures 
is not significant because DGE when presents, resolves 
spontaneously within 6 wk. Later performed studies seem 
to support that the incidence rates of  DGE following 
either PD or PPPD are comparable[34,63,66,73,77,91,93,95], 
although supporters of  PD over PPPD regarding DGE 

rates also exist[94]. Some recent trials have even provided 
significantly lower rates of  DGE following PPPD than 
following PD[92,96,97].
    The reasons behind this diversity are multifactorial. The 
definition of  DGE following pancreatic surgery varies 
from study to study. Improvement of  surgical technique 
and increased surgical experience as well as advances in 
perioperative and critical care management, have resulted 
in decreased rates of  DGE in recent years. The degree 
of  lymph node dissection and pancreatic resection as 
well as the performance of  anastomoses vary in different 
centers. Peri-operative administration of  drugs that have 
been shown to decrease post-operational rates of  DGE, 
like octreotide or erythromycin lactobionate, varies from 
study to study. The indication for performing PD varies 
significantly not only between different studies, but also 
within the same patient cohort. There is therefore a 
growing need for a multicentre, randomized clinical trial 
with specific guidelines for peri-operative administration 
of  pharmaceutical agents, standard definition of  the 
term DGE, and specific etiology-based performance of  
pancreatic surgery, to compare the efficiency of  the two 
methods regarding DGE.

DISCUSSION
A recently reported modification in the classical PPPD 
procedure is the performance of  duodenojejunostomy 
antecolically instead of  retrocolically. Traverso and 
Kozuschek[98] reported a decade ago that antecolic 
duodenojejunostomy seems to be prefer red by an 
increasing number of  pancreat ic surger y centers 
worldwide[61,69,99-101]. The theoretical background for this 
technique is that decreased blood circulation (especially 
venous drainage) of  the jejunal limb following biliary-
pancreato-enteric reconstructions can lead to decreased 
motility and profound edema of  the jejunal limb itself, and 
eventually edema of  the duodenojejunal anastomosis[27]. 
Compromised venous drainage of  the jejunal limb, which 
is the peristalsis starting point of  the newly constructed 
intestinal pathway, might lead to delayed recovery of  
jejunal peristalsis at the site of  duodenojejunostomy, 
which will then cause DGE[62]. From a theoretical point 
of  view, antecolic duodenojejunostomy avoids mechanical 
problems, because the descending jejunal loop is more 
mobile than after retrocolic reconstruction. 
    Kurosaki and Hatakeyama[99] evaluated the results of  
antecolic duodenojejunostomy in 55 consecutive patients 
undergoing PPPD as the selected mode of  therapy for 
a wide variety of  underlying diseases, and demonstrated 
that by use of  the antecolic jejunal reconstruction method, 
DGE is markedly reduced based on the choice of  the 
definition of  DGE selected. According to the definition by 
Fabre et al[33], DGE occurs in only 5.5% patients. According 
to the definition by van Berge Henegouwen et al[34], DGE 
occurs in 29.1% patients, while according to the definition 
by Yeo et al[24], DGE occurs in 18.2% patients. 
    These researchers demonstrated that the development 
of  a major complication is correlated significantly with 
reinsertion of  nasogastric tube or emesis (P = 0.010), 
a later initiation of  liquid diet (P = 0.0381) and a later 
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progression to solid diet (P = 0.0343). Furthermore, a 
major complication is correlated significantly with DGE 
but only according to the definition of  DGE by Yeo et al[24] 

(P = 0.0006), and not according to the definition of  DGE 
by Fabre et al[33] (P = 0.421) or van Berge Henegouwen 
et al[34] (P = 0.103). A major complication is defined as a 
condition requiring invasive treatment or intensive care, or 
a pancreatic fistula proved by amylase-rich (> 1000 mg/dL) 
fluid from drains over 7 postoperative days or radiological 
examination. In their group, 10 patients developed a major 
complication (five patients required intensive care or 
invasive treatment, while another 5 developed a pancreatic 
fistula). 
    In addition, division of  the left gastric vein (LGV) is 
correlated significantly with the occurrence of  DGE (5.3% 
vs 37%, if  the LGV is preserved or divided, respectively, 
P = 0.0016) according to the definition of  DGE by 
van Berge Henegouwen et al[34] but not according to the 
definition of  DGE by Yeo et al[24] (0% vs 5%, if  the LGV 
is preserved or divided, respectively, P = 0.067). After 
summing up their results, the authors concluded that, by 

setting the stomach vertically in the left abdomen, antecolic 
duodenojejunostomy improves the occurrence of  DGE 
after PPPD. 
    The decreased inc idence of  DGE fo l lowing 
antemesenteric instead of  retromesenteric jejunal 
reconstruction has been verified by other researchers 
as wel l . Park and associates [62] demonstrated that 
antemesenteric jejunal reconstruction is associated 
with a significantly lower incidence of  DGE compared 
to retromesenteric reconstruction (6.5% vs 31.7%, 
respectively, P < 0.05) in terms of  duration and amount 
of  nasogastric drainage, as well as diet progression. 

Sugiyama and associates[100] also support the superiority 
of  antemesenteric jejunal reconstruction with regards to 
DGE (8% vs 72% incidence of  DGE for antemesenteric 
vs retromesenteric jejunal reconstruction respectively, P < 
0.001). Horstmann and colleagues[73] demonstrated that 
performance of  antecolic duodenojejunostomy-PPPD is 
associated with reduced (though not statistically significant) 
rates of  DGE compared with standard Whipple (12% 
vs 21% for antecolic duodenojejunostomy-PPPD and 

Table 1  Association between DGE and PD/PPPD

Study Yr Patients (n ) Results

Klinkenbijl et al[20] 1992 91 (44 PDs, 47 PPPDs) No difference with regards to DGE was demonstrated between the two groups 
(i.e. days to liquid and normal diet)

Roder et al[12] 1992 110 (62 PDs, 48 PPPDs) DGE was noted in 0 (0%) patients after PD and 9 (19%) patients after PPPD 
(P value not mentioned)

Patel et al[25] 1995 67 (52 PDs, 15 PPPDs) DGE was noted in 41% of the PD group and 61% of the PPPD group (P = 0.04)
Mosca et al[90] 1997 218 (61 PDs, 157 PPPDs) DGE was noted in 1 (4.7%) patient after PD and 14 (8.9%) patients after PPPD 

(P value not mentioned).
van Berge Henegouwen et al[34] 1997 200 (100 PDs, 100 PPPDs) DGE was noted in 34 patients after PD and 37 patients after PPPD (P = NS)1

Lin and Lin[63] 1999 30 (15 PDs, 15 PPPDs) DGE was noted in 1 patient after PD and 6 patients after PPPD (P = 0.08, 
two-sided Fisher’s exact test, NS)

Di Carlo et al[91] 1999 113 (39 PDs, 74 PPPDs) DGE was noted in 6 (15.3%) patients after PD and 9 (12.1%) patients after PPPD 
(P = NS)

Yeo et al[92] 1999 106 (58 PDs, 48 PPPDs)2 DGE was noted in 9 (16%) patients after PD and 2 (4%) patients after PPPD 
(P = 0.03)

Seiler et al[93] 2000 77 (40 PDs, 37 PPPDs) DGE was noted in 18 (45%) patients after PD and 12 (32%) patients after PPPD 
(P = 0.17, NS)

Martignoni et al[66] 2000 62 (27 PDs, 35 PPPDs) DGE was noted in 9 (33%) patients after PD and 13 (37%) patients after PPPD 
(P = NS)

Yamaguchi et al[94] 2001 50 (27 PDs, 23 PPPDs) DGE was significantly associated with PPPD compared with PD (gastric tube 
removal, P < 0.0001, oral intake, P = 0.0018)

Yeo et al[6] 2002 294 (148 PDs, 146 PPPDs) DGE was noted in 24 (16%) patients after PD and 9 (6%) patients after PPPD 
(P = 0.006)

Nguyen et al[95] 2003 105 (50 PDs, 55 PPPDs)3 DGE was noted in 6 of 50 (12%) patients after PD and 4 of 55 (7%) patients after 
PPPD (P = 0.40, NS)

Horstmann et al[73] 2004 132 (19 PDs, 113 PPPDs)4 DGE was noted in 4 of 19 (21%) patients after PD and 13 of 113 (12%) patients 
after PPPD (P = 0.11, NS)

Tran et al[77] 2004 170 (83 PDs, 87 PPPDs)5 DGE was noted in 18 patients after PD and 19 patients after PPPD (P = 0.80, NS)
Seiler et al[96] 2005 130 (66 PDs, 64 PPPDs) DGE was noted in 30 (45%) patients after PD and 20 (31%) patients after PPPD 

(P = 0.096, NS)
Lin et al[97] 2005 33 (19 PDs, 14 PPPDs)6 DGE was noted in 6 (43%) patients after PD and 0 patients after PPPD (P < 0.05)

NS: Not significant. 1Although nasogastric intubation was prolonged after PPPD vs PD (3 vs 6 d, P < 0.0001), this did not influence DGE rates; 2Initially 114 
patients were included in the study. Of these, 58 underwent PD while the remaining 56 were scheduled for PPPD. However, in 8 patients, the pylorus could not 
be preserved. They were therefore not included in the results; 3In 7 of 55 (13%) patients in the PPPD group, the pylorus could not be preserved; 4A total of 150 
patients were included in the study but the 18 patients that underwent duodenum-preserving pancreatic head resection were not included here; 5Two patients 
in the PPPD group were converted to the PD group during operation as the surgeon expected duodenal involvement; 6Initially 36 patients were included in 
the study. Three patients with pancreatic head adencarcinoma initially assigned to the PPPD group, had to undergo PD eventually due to extensive duodenal 
involvement. These 3 patients were not calculated in either study groups.
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standard Whipple procedure respectively, P = 0.11). 
    So far, a major drawback of  all reported studies is the 
lack of  randomization. Their interpretation has therefore 
noticeable limitations. Recently however, two randomized 
controlled trials have verified the positive effect of  the 
antecolic reconstruction method on DGE rates[102,103]. 

The first study[102] reported a significantly lower incidence 
of  DGE after antecolic compared with retrocolic 
duodenojejunostomy (5% vs 50% respectively, P = 0.0014). 
However, due to the small number of  patients included 
in this study (n = 20 patients/group), the authors support 
that larger-scale studies are needed to confirm the positive 
results of  this new reconstruction method. The second 
study[103] demonstrated the same positive results (5.0% vs 
24.0% for antecolic and retrocolic duodenojejunostomy, 
respectively, Odds Ratio: 0.167, 95% CI: 0.054-0.430, P < 
0.001). Although the number of  patients included in this 
trial was not as small (n = 100 patients/group)[103] as in 
the first study[102], a significant drawback is the difference 
in the time periods of  sample collection (from January 
1, 1996 until December 31, 2001 for the retromesenteric 
group, and from January 1, 2002 until December 31, 2003 
for the antemesenteric group). Standardization of  the 
operative technique, as well as continuous improvement in 
perioperative management, could account in part for the 
difference observed in DGE rates.

Conclusion
Pylorus-preserving pancreatic head resection and classical 
Whipple are equal operations regarding the postoperative 
development of  delayed gastric emptying. Further 
randomized controlled trials are required to confirm the 
advantage of  antecolic versus retrocolic duodenojejunostomy 
in PPPD. 
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