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GENERAL INTRODUCTION

THE PANCREAS
Due to its inaccessible retroperitoneal location, kept out of sight by duodenum, 

stomach, liver, spleen, and transverse mesocolon, and its indistinct appearance and 
function, the pancreas has been a longstanding abdominal enigma. Its denomination 
is based on the ancient Greek pan kreas, meaning ‘all flesh’, a Hippocratic concept 
describing the composition of glandular structures. However, in the era in which the 
pancreas’ nomenclature emerged, its function as a gland was not yet to be recognized 
for ages; Aristotle (384-322 BC) considered the pancreas merely a structure protecting 
the large vessels in its immediate vicinity.1 The influential Roman physician Claudius 
Galenus (129-216 BC), a pioneer in anatomy and surgery, upheld the viewpoint of the 
pancreas as a protective organ, describing it as a cushion for the stomach. His theories 
would remain leading for centuries, aided by the hampering influence on science of 
the church during the Dark Ages.

After the church loosened its grip, at the beginning of the Renaissance, observation 
became the cornerstone of science again. In Padua, the Flemish anatomist Andreas 
Vesalius (1514-1564) published his De Humani Corporis Fabrica, in which the 
first anatomic depiction of the pancreas appeared. The stomach cushion theory was 
questioned by Italian anatomist Gabriele Falloppio (1523-1562), who argued that the 
pancreas would then be useless in animals, with the pancreas situated above instead 
of below the stomach. It would take another century, though, before a role of the 
pancreas in digestion was suggested. An important event that preceded this further 
elucidation of pancreatic function, was the discovery in 1642 by Johann Georg 
Wirsung (1589-1643) of the main pancreatic duct, which to date wears his name. 
Sadly, he would never learn the role of the pancreatic duct and its juicy content, since 
he was murdered shortly after his discovery, presumably a jealousy-driven crime. In 
Leiden, Regnier de Graaf (1641-1673) of Delft was the first to perform investigations 
on pancreatic juice, obtained from self-created pancreatic fistulas in dogs. In his De 
succo pancreatico, he asserted that one of its roles was to initiate ‘segregation of 
the useful food elements’. Further progress was later deterred by the conclusion of 
Johann Conrad Brunner (1653-1727) that the pancreas was not essential to life, after 
observing that pancreatectomized dogs survived for almost a year. It was the French 
Claude Bernard (1813-1878) who redirected attention to the pancreas again; his 
experiments on the absorption of fats after ligation of the pancreatic ducts led to his 
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1849 paper du suc pancréatique et de son rôle dans les phénomènes de la digestion. 
Finally, the great importance of the pancreas as an organ involved in digestion and 
metabolism was widely recognized.

The pancreas is situated in the retroperitoneal region of the upper abdomen. It 
consists of a head (caput), body (corpus) and tail. The head makes up most of its 
mass and lies in intimate contact with the inner curve of the duodenum. The common 
bile duct passes behind the pancreatic head, partly or completely surrounded by 
pancreatic tissue, and drains into the duodenum at the ampulla of Vater, together 
with the pancreatic main duct. An extension of the head, the uncinate process, curves 
down- and leftwards around the superior mesenteric vessels, in front of the aorta and 
vena cava. The corpus is situated behind the stomach, separated from it by the double 
peritoneal covering of the omental bursa. The tail stretches out leftwards and ‘tickles’ 
the spleen.

Pancreatic blood supply comes from branches of the celiac trunk and superior 
mesenteric artery. The celiac trunk gives rise to the gastroduodenal artery and then 
the anterior and posterior superior pancreaticoduodenal arteries, which form arcades 
with their inferior counterparts from the superior mesenteric artery, supplying the 
pancreatic head and duodenum. The splenic artery, also from the celiac trunk, gives 
rise to the dorsal pancreatic artery, which supplies the body and tail. Venous drainage 
of the pancreas occurs via the portal, superior mesenteric and splenic veins.2

Pancreatic tissue consists of acinar and islet cells. Acinar cells are exocrine 
cells, clustered in acinar units; they produce digestive enzymes such as amylase, 
lipase, trypsin, chymotrypsin, and carboxypeptidase, that are secreted into the 
intestinal system through a system of ducts. The islet cells lie clustered in the islets of 
Langerhans and take charge of the pancreas’ endocrine function, by producing insulin 
and glucagon.

PANCREATIC CANCER
Pancreatic cancer is lethal. With a 5-year survival rate of around 5%, its mortality 

rates reach up to its incidence. It is the fourth most frequent cause of cancer-related 
mortality in Europe and the United States of America.3,4 Risk factors are smoking, type 
2 diabetes mellitus, obesity, heavy alcohol consumption, male gender, increasing age, 
and chronic pancreatitis.5 Apart from environmental risk factors, inherited genetic 
predispositions can contribute to the development of pancreatic cancer.
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Pancreatic ductal adenocarcinoma is the most common solid tumor in the pancreas, 
consisting of pancreatic duct cells forming glands and infiltrating into neighboring 
tissues. It usually arises in the pancreatic head, where it grows without localizing 
symptoms until the common bile duct becomes obstructed. Patients then present with 
jaundice, weight loss, and anorexia, and sometimes abdominal and/or back pain. 
Along with the yellow discoloration of the skin and sclerae, stool becomes decolored 
and urine gets dark. At presentation, the majority of patients have locally advanced 
or metastatic disease, rendering them unfit for surgery, which offers the best chance 
for longterm survival.

PANCREATODUODENECTOMY
The surgical procedure of choice for pancreatic head tumors, including distal 

common bile duct and ampullary tumors, is a pancreatoduodenectomy, which 
involves resection of the duodenum and the pancreatic head. The first surgeon to 
perform an actual pancreatoduodenectomy was the Italian surgeon Codivilla (1861-
1912), although he did not resect the complete duodenum, and did not anastomose 
or close the pancreatic stump.6 His patient died within a month. The German surgeon 
Walter Kausch (1867-1928) described the first pancreatoduodenectomy with a 
successful pancreaticoenterostomy in 1912; his operation did not involve a resection 
of the complete duodenum. It was the American surgeon Allen Oldfather Whipple 
(1881-1963) who laid the foundations of modern pancreatic surgery, with his 1935 
publication Treatment of carcinoma of the ampulla of Vater.7 He was the first to 
describe complete removal of the duodenum and a large portion of the pancreatic 
head, initially as a two-stage procedure, in which jaundice first was relieved by 
cholecystogastrostomy. He later on developed a one-stage procedure, aided by the 
discovery of Vitamin K supplementation to confront the coagulation disorders in 
jaundiced patients, with complete removal of the duodenum and pancreatic head, 
pancreaticoenterostomy on a jejunal limb, and choledochoenterostomy; much like the 
operation of today.8 Whipple’s publications demonstrated the feasibility of pancreatic 
resection and heralded an era of pancreatic surgery being performed on a larger scale.

The operation that is performed mostly nowadays is the pylorus-preserving 
pancreatoduodenectomy.9 The pancreas is divided at the level of the portal vein, 
the duodenum just distal to the pylorus and around the duodenojejunal flexure, 
and the common bile duct above the cystic duct. The extracted specimen thus 
contains the gallbladder, common bile duct, pancreatic head and duodenum. 
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Reconstruction is performed by pancreaticojejunostomy, hepaticojejunostomy, and 
duodenojejunostomy.10 In case of unresectability, a palliative bypass procedure may be 
performed, consisting of a hepaticojejunostomy, with or without a gastrojejunostomy.

OUTCOME OF PANCREATODUODENECTOMY
In recent decades, mortality of the procedure has dropped dramatically, to 1-2% 

in high-volume centers. Morbidity however remains high; complications occur in 
up to 50% percent of patients.9,11 Three of the most important complications after 
pancreatoduodenectomy, postoperative pancreatic fistula (POPF), postpancreatectomy 
haemorrhage (PPH) and delayed gastric emptying (DGE), have recently been 
defined in consensus statements from an international group of leading pancreatic 
surgeons.12-14

The most feared complication, POPF, results from failure of the pancreaticoenteric 
anastomosis. It occurs in approximately 10-15% of patients.11,15 Pancreatic 
tissue is soft, and especially when there is no dilation of the pancreatic duct, the 
pancreaticoenteric anastomosis is at risk for leakage. Pancreatic fistula can lead to 
haemorrhagic and septic complications, and contribute significantly to mortality of 
pancreatoduodenectomy.16

PPH is another major contributor of mortality after pancreatoduodenectomy, 
occurring in approximately 3% of patients.17 Late onset bleeding can result from local 
infectious complications, and can result in delayed massive hemorrhage and death.

Both POPF and PPH, as well as another anastomotic complication, biliary leakage, 
have been extensively explored in studies and theses from the Academic Medical 
Center (AMC) in the past years.17-19 In the current thesis, we shift our emphasis to the 
most prevalent complication after pancreatoduodenectomy: DGE.

DELAYED GASTRIC EMPTYING
DGE after pancreatoduodenectomy was first described by Warshaw and Torchiana 

in the 1980s.20 It can be described as a state of gastroparesis, requiring prolonged 
nasogastric drainage and delaying return to solid food intake. Many centers used 
to have their own criteria for the diagnosis of DGE. The consensus definition by 
the International Study Group of Pancreatic Surgery from 2007 aimed at applying 
uniformity in reporting DGE, in order to enable comparison between centers.14 
This definition is based on the duration of nasogastric drainage and return to solid 
food intake, and it provides a grading system, reflecting the clinical impact of the 
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complication. In this definition, grade A DGE is present when nasogastric drainage 
was required beyond the third postoperative day, or when no solid food was tolerated 
by postoperative day 7. Grade B or C DGE is present after one, respectively two 
weeks of nasogastric drainage, or when solid food is not tolerated for two or three 
weeks, respectively. Grade B and C are considered to be clinically relevant, while 
grade A has minimal impact on the postoperative course. Although there is a clear 
relationship with intra-abdominal complications, the etiology of DGE has never been 
fully elucidated. 
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OUTLINE OF THE THESIS

The outcome of pancreatic surgery depends on various pre-, intra-, and postoperative 
determinants. Preoperatively, careful staging must be performed to identify patients 
with potentially resectable tumors. One must decide which tests should be included in 
the diagnostic work-up, and whether or not to perform preoperative biliary drainage 
in case of obstructive jaundice. Intraoperatively, many decisions have to be made: 
whether resection is feasible, how far the resection should extend, how to restore 
continuity after resection. Postoperatively, several complications may occur that 
interfere with outcome, and one should decide how to treat these conditions. The 
aim of the present thesis is to investigate pre-, intra-, and postoperative determinants 
of outcome of pancreatic surgery. The core of the thesis focuses on the etiology and 
prevention of pancreatoduodenectomy’s most frequent complication: DGE.

The first part of the thesis adresses preoperative determinants of outcome. 
Chapter 2 attends to the work-up of patients with pancreatic head tumors. Although 
staging laparoscopy used to be a mainstay in the diagnostic work-up of patients with 
pancreatic head tumors, its routine use is not advocated nowadays.21 We aimed to 
identify patients with high risk of distant metastasis, in whom staging laparoscopy 
could preclude a nontherapeutic laparotomy. The subject of chapter 3 is preoperative 
biliary drainage. For years, the issue of preoperative biliary drainage has been a 
matter of debate. Even Whipple’s initial two-stage procedure was based on relieving 
jaundice first. A recent multi-center randomized trial initiated at the AMC showed 
that the overall complication rate was significantly higher in patients allocated to 
preoperative biliary drainage, than in patients who proceeded directly to surgery; it 
was advocated that operable patients with jaundice due to a pancreatic head tumor 
should undergo ‘early surgery’.22 In this chapter we evaluate the relation between 
the therapeutic delay associated with preoperative biliary drainage and survival, in 
participants of the trial with a malignancy. In chapter 4 we looked into one of the 
most prevalent complications after pancreatoduodenectomy, DGE. Patients who 
develop this complication may require endoscopic placement of a nasojejunal feeding 
tube, which is not routinely inserted intraoperatively.23 In this study we correlated 
preoperative symptoms of gastric outlet obstruction to delayed gastric emptying after 
pancreatoduodenectomy, in order to identify high-risk patients who could profit from 
intraoperative placement of a feeding tube.
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The second part evaluates intraoperative determinants of surgical outcome. 
Chapter 5 returns to delayed gastric emptying. Some studies suggest that the 
route of the gastroenteric anastomosis in pancreatoduodenectomy may be of 
importance for the incidence of this bothersome complication. This anastomosis can 
be positioned retrocolic (behind the transverse colon) or antecolic (in front of the 
transverse colon). It was claimed that an antecolic route led to a lower incidence 
of DGE.24,25 This led to a gradual shift in the AMC from predominantly retrocolic 
to predominantly antecolic gastroenteric anastomoses. In this chapter we evaluated 
whether the antecolic anastomosis led to a lower incidence of DGE in the AMC 
population. In chapter 6 the same question was investigated, but now in the setting 
of a multi-center, randomized controlled trial. In ten participating centers, patients 
undergoing pancreatoduodenectomy were randomly allocated to a retrocolic or 
antecolic anastomosis. Main outcome parameter was delayed gastric emptying. In 
chapter 7 some important secondary outcomes of this randomized controlled trial 
are presented: gastric emptying speed at scintigraphy, and quality of life. Apart from 
comparing patients with a retrocolic and antecolic gastroenteric reconstruction, 
we aimed to objectivate the burden on quality of life of DGE. In chapter 9, we 
describe the incidence and consequences of an aberrant right hepatic artery. Arterial 
variations are common in hepatobiliary anatomy, and an aberrant right hepatic artery 
is encountered frequently during pancreatoduodenectomy.26,27 We specifically paid 
attention to the intraoperative handling of this anomaly, and its influence on short- 
and long-term outcomes.

The third part of the thesis takes a deeper look in the consequences of some 
postoperative events after pancreatoduodenectomy. Chapter 9 describes the clinical 
presentation, treatment and outcome of leakage of the gastroenteric anastomosis, a 
rare but life-threatening complication after pancreatoduodenectomy.28 In chapter 
10 we investigated the correlation between hyperglycemia in the intraoperative 
and early postoperative period and the occurrence of complications after 
pancreatoduodenectomy; this correlation had been demonstrated in various types of 
surgery, but had never been investigated for this particular operation.29-31
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ABSTRACT

Background: In patients with pancreatic or periampullary tumor, staging laparoscopy 
(SL) can detect metastases that are occult on computed tomography (CT), thereby 
precluding nontherapeutic laparotomy. Routine SL is not advocated, but some studies 
suggest its selective use. The aim of this study was to identify patients at risk for 
metastasis in whom SL could be beneficial. 

Methods: A consecutive series of patients who underwent laparotomy for a suspected 
pancreatic or periampullary tumor were analyzed. We included patients with a 
suspected resectable solid lesion and a recent high-quality CT scan. Patients with 
and without an intraoperatively encountered metastasis were compared. Regression 
analysis was performed to examine the association between various predictors and 
metastasis. 

Results: Data from 385 patients (mean age 63, 41% women) were analyzed. Distant 
metastasis was encountered in 79 patients (21%). Logistic regression analysis 
revealed the following key predictors for metastasis: tumor size on CT scan (Odds 
Ratio [OR] 1.43, 95% confidence interval [CI] 1.16-1.76 per mm increase), weight 
loss (OR 1.28, 95% CI 1.01-1.63 per doubling the kilograms), and history of jaundice 
(OR 2.36, 95% CI 0.79-7.06). In patients with a tumor ≥ 3 cm and severe weight loss 
(≥ 10 kg) and in patients with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the 
proportion of patients with metastasis was > 40%. 

Conclusions: In patients with a suspected pancreatic or periampullary tumor, the 
tumor size, weight loss, and jaundice are key predictors of metastasis at exploration. 
SL might be beneficial in patients with a tumor ≥ 3 cm and severe weight loss and in 
those with a tumor ≥ 4 cm and moderate weight loss. 
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INTRODUCTION

In the Western world, the incidence of tumors in the pancreatic head region 
is currently 10-15 per 100,000 population. Pancreatic cancer is the fourth most 
common cause of cancer-related death, with an average 5-year survival of 2-5%.1,2 
The only chance for cure is surgical resection, but only 10-15% of patients are 
staged to have resectable tumors without metastasis and are candidates for surgery at 
presentation.3 Despite careful selection, a substantial proportion of operated patients 
have unresectable disease at surgical exploration due to local tumor ingrowth or 
metastasis.4,5

High-quality pancreatic computed tomography (CT) is the mainstay for staging 
pancreatic head and periampullary tumors.6 Additional imaging modalities, such 
as (endoscopic) ultrasonography (US) or magnetic resonance imaging (MRI), are 
regularly used. Staging laparoscopy (SL) for the purpose of staging pancreatic and 
periampullary tumors was introduced by Cuschieri and Warshaw et al. during the 
1980s as an additional diagnostic procedure to detect unresectable disease and to 
prevent nontherapeutic laparotomy.7,8 SL as a staging procedure is most helpful in 
detecting peritoneal and small liver metastases, which can be missed by CT and US 
(Figure 1). The procedure is less useful for detecting lymph node metastasis and local 
tumor ingrowth in the vascular structures surrounding the pancreas.9 Moreover, the 
ability of SL to obtain histological confirmation of unresectable disease is limited.10 

Figure 1. CT-occult small liver metastasis (arrow) encountered during explorative laparotomy
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With recent advances in radiologic imaging, the role of SL in staging pancreatic 
head and periampullary tumors has become controversial; although a recent meta-
analysis advocated its routine use for staging these tumors, most studies from the 
last decade do not favor routine application of the procedure because of its low yield, 
although some do suggest benefit of its selective use in patients with high risk of 
metastatic or advanced disease.11-17 

In our institution, validated CT criteria are used to assess the resectability of 
tumors in the pancreatic head region. Endoscopic US is performed only when no 
tumor is visualized but a malignancy is still suspected. SL was routinely performed 
as a staging procedure until 1998. A prospective study showed a yield of only 13%, 
with a histologically proven accuracy of 60% for distant metastasis.10 Additionally, 
palliative surgery by a double bypass proved to be more adequate in this group than 
endoscopic palliation by stenting in terms of hospital-free survival.10 Therefore, 
routine SL was abandoned. An evaluation of the new strategy confirmed that the 
additional value of SL was too limited to justify its routine application.18

Morbidity rates of surgical palliative bypass procedures can be substantial.19 In 
recent years, nonsurgical palliative therapy has improved.20,21 Hence, there might be 
a subgroup of patients who could benefit from SL and, if metastasis is encountered, 
nonsurgical treatment. Careful selection of surgical candidates remains important to 
prevent nontherapeutic laparotomy. The aim of this study was to define preoperative 
risk factors for the presence of distant metastasis and to identify high-risk patients 
who might benefit from a SL, thereby possibly precluding a nontherapeutic open 
exploration. 

METHODS

PATIENTS AND STUDY OUTLINE
We evaluated a prospective consecutive series of 648 patients with a suspected 

pancreatic head or periampullary tumor, staged to be resectable, who underwent an 
explorative laparotomy with curative intent in our center between 1999 and 2007.

Standard preoperative workups were done by CT. In case a tumor was not visualized 
but still suspected, additional endoscopic US or MRI was performed. Serum tumor 
markers such as CA19-9 were not routinely determined. All available imaging and 
biopsy results were discussed in a multidisciplinary hepatopancreatobiliary meeting, 
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including surgeons, radiologists, gastroenterologists, and medical oncologists. Tumors 
were considered unresectable if there was tumor infiltration into peripancreatic fat 
planes or if there was tumor involvement of the portal or superior mesenteric vein with 
a concave contour toward the vessel (grade D or higher according to Loyer et al.).22,23 
Lesions were also considered unresectable when arterial encasement was present: 
complete circumferential involvement (cuff sign) or narrowing or occlusion of the 
artery. Exploration was undertaken with the intent to perform a (pylorus-preserving) 
pancreatoduodenectomy. When local tumor ingrowth or metastasis was encountered 
during exploration, biopsy specimens were obtained for histological confirmation. 
Tumor-positive biopsies implicated unresectable disease, and a palliative double bypass 
procedure was performed.

For this study, the only patients included were those with a high-quality multislice 
CT scan available within 3 months before the operation with no indication of a distant 
metastasis. CT findings were recorded regarding the resectability criteria. If these 
findings were insufficiently documented in the radiology reports, the CT scans were 
reviewed by a radiologist (C.Y.N.) to document relevant criteria for resectability. The 
radiologist was unaware of the outcome of the explorative laparotomy. Suspected 
duodenal tumors, other nonperiampullary tumors, and cystic lesions were excluded.

Patient characteristics were compared between patients with and without 
histologically confirmed distant metastasis encountered during exploration. The 
possible risk factors for distant metastasis were then examined.

STATISTICAL ANALYSIS
Descriptive data are presented as the mean with standard deviation (SD) or the 

median with the interquartile range (IQR), depending on the distribution of the data. 
Comparison between patients with and without distant metastasis was performed 
using Student’s t-test or the Mann-Whitney U-test for continuous data, depending on 
the distribution, and the χ2 test for categorical data.

Univariate and multivariate logistic regression analyses were performed 
to identify risk factors for the presence of distant metastasis. The following 
characteristics were considered possible predictors of distant metastasis based on 
previous studies: suspicion of pancreatic adenocarcinoma, tumor size on preoperative 
CT, jaundice, weight loss, pain radiating to the back.9,12,24-26 To estimate their value 
for predicting distant metastasis, these variables were entered simultaneously in a 
logistic regression model, together with age and sex. A ‘core’ regression model was 
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obtained by backward elimination using a threshold of P < 0.1. Then, we performed 
an extensive explorative univariate analysis of anamnestic, laboratory, and imaging 
variables to identify additional potential risk factors. Variables that were associated 
with the presence of distant metastasis at a level of significance of P < 0.2 in the 
univariate analysis were separately added to the core regression model and tested for 
significance in a multivariate analysis. The final regression model was evaluated for 
calibration with the Hosmer-Lemeshow test (predicted versus observed probabilities) 
and for discrimination (receiver operating characteristics [ROC] curve and its area 
under the curve). Finally, we used clinically practical cutoff values for the variables 
in the final model to identify subgroups of patients with a predicted probability of at 
least 40%. In all analyses, P < 0.05 was considered to indicate statistical significance. 
All analyses were performed using SPSS software version 16.0 (SPSS, Chicago, IL, 
USA).

RESULTS

A flow chart of the study is shown in Figure 2. In the study period, a consecutive 
series of 648 patients underwent explorative laparotomy. In all, 83 patients were not 
included because they had no suspected solid pancreatic or periampullary tumor; 
these patients had mainly cystic lesions or duodenal tumors. Another 180 patients 
were excluded for various reasons: the interval between the CT scan and the operation 
was > 3 months (n = 55) or no firm conclusions could be drawn from the CT scan 
because no CT scan was available, the CT scan was done elsewhere and the images 
or date were no longer available, or the CT scan did not meet the quality criteria for 
evaluating all resectability aspects (n = 125).

Among the remaining 385 patients, a resection was performed in 220 patients 
(57%) and a palliative bypass procedure in 165 patients (43%). In 86 (52%) of the 
165 patients, the reason for unresectability was local tumor ingrowth or the presence 
of tumor-positive lymph nodes. In the remaining 79 patients (21% of the entire study 
population of 385 patients) distant metastasis (liver or peritoneal) was encountered. 
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Figure 2. Flow chart of the study

Patient characteristics of patients with and without distant metastasis are shown 
in Table 1. Significantly more patients with distant metastasis had a postoperative 
diagnosis of pancreatic adenocarcinoma than did the patients without distant 
metastasis (P = 0.002). 

Table 2 displays the results of the logistic regression analysis of possible predictors 
of distant metastasis. After backward elimination, the model contained the following 
variables: tumor size on CT-scan (Odds Ratio [OR] 1.43, 95% confidence interval 
[CI] 1.16-1.76 per millimeter increase), weight loss (2 log-transformed, OR 1.28, 
95% CI 1.01-1.63, meaning that for every doubling of weight loss, the odds of having 
distant metastasis increases by 1.28), and a history of jaundice (OR 2.36, 95% CI 
0.79-7.06). 
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Table 1. Patient characteristics of patients who underwent explorative laparotomy for suspected 
pancreatic or periampullary tumor, with and without distant metastasis (n = 385)

Characteristic

 

No distant 
metastasis 
(n = 306)

Distant metastasis 
(n = 79)

P-value
 

Age at surgery (years), mean ± SD 63.2 ± 10.1 64.0 ± 9.8 0.52
Male sex – No. (%) 184 (60) 44 (56) 0.48
ASA classification – No. (%)
  I 57 (19) 14 (18) 0.70
  II 187 (61) 52 (66)
  ≥ III 62 (20) 13 (17)
Postoperative diagnosis* – No. (%) 
  Pancreatic adenocarcinoma 174 (60) 63 (80) 0.002
  Ampullary adenocarcinoma 64 (21) 7 (9)
  Distal CBD adenocarcinoma 35 (11) 9 (11)
  Other (pre-)malignant lesions 9 (3) -
  Chronic pancreatitis 17 (6) -
  Other benign lesions 7 (2) -
*In case of unresectable disease, the most likely diagnosis was determined based on all available preoperative 
and intraoperative findings. 
SD, standard deviation; ASA, American Society of Anesthesiologists; CBD, common bile duct

Table 2. Multivariate analysis of possible predictive factors for distant metastasis based on previous 
literature (n = 315)

Factor Full model Backward elimination*
 OR (95% CI) OR (95% CI)

Age at surgery, 1-year increment 1.00 (0.97-1.03)   Dropped
Male sex 0.71 (0.40-1.27)   Dropped
Suspicion of pancreatic cancer† 1.21 (0.64-2.29)   Dropped
Tumor size on CT, 1-mm increment 1.38 (1.09-1.75) 1.43 (1.16-1.76)
History of jaundice 2.54 (0.83-7.80) 2.36 (0.79-7.06)
Weight loss, per doubling‡ 1.29 (1.01-1.66) 1.28 (1.01-1.63)
Pain radiating to the back 0.99 (0.42-2.32)   Dropped
*Threshold: P < 0.1. 
†Reference category: other malignancies more likely or other malignancies in the differential diagnosis. 
‡Data available in 315 patients. 
OR, odds ratio; CI, confidence interval; CT, computed tomography

The results of the extensive ‘explorative’ logistic regression analysis are displayed 
in Table 3. In the univariate analysis, the following variables were associated with 
distant metastasis with significance at the P < 0.2 level: the use of pain medication at 
time of presentation, low hemoglobin, high alkaline phosphatase, and enlarged lymph 
nodes on CT (> 1 cm). When separately added to the ‘core’ regression model, none of 
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these variables significantly improved the fit of the core model, consisting of tumor 
size on CT, weight loss, and a history of jaundice. The model showed good calibration 
according to the Hosmer-Lemeshow test (P = 0.37). Discrimination, as evaluated by 
the area under the ROC curve, was 0.67, indicating moderate overall discrimination. 

Table 3. Univariate and multivariate analysis of possible predictive factors for distant metastasis by 
exploration of several variables (n = 315)

Variable Univariate analysis Multivariate analysis
 OR (95% CI) OR (95% CI)

Anamnestic/physical examination 
variables†
  Signs of gastric outlet obstruction 0.97 (0.57-1.66)
  Duration of complaints, 1-week        
  increment 0.98 (0.97-1.01)

  Use of pain medication 5.98 (0.98-36.42)* 3.74 (0.34-35.08)
  Recent diabetes mellitus (within 6 
  months) 1.40 (0.49-4.02)

  Palpable mass in abdomen 0.77 (0.09-6.68)
Laboratory variables‡
  Low hemoglobin 1.92 (1.10-3.36)* 1.79 (0.95-3.40)
  High total bilirubin 0.80 (0.42-1.47)
  High aspartate transaminase 1.02 (0.55-1.88)
  High alanine transaminase 1.12 (0.56-2.22)
  High amylase 1.15 (0.29-4.55)
  High ϒ glutamyl transpeptidase 1.16 (0.42-3.26)
  High alkaline phosphatase 2.36 (1.12-4.98)* 1.74 (0.74-4.12)
  High C-reactive protein 1.53 (0.58-4.04)
  Low creatinine 1.44 (0.76-2.72)
  High creatinine 0.95 (0.19-4.77)
CT variables
  Vascular involvement§ 1.46 (0.82-2.60)
  Enlarged lymph nodes 2.12 (1.19-3.77)* 1.40 (0.72-2.73)
Other
  ASA classification ≥ III 0.74 (0.38-1.47)

*Significant at P < 0.2. 
†At the time of presentation. 
‡Normal reference values: hemoglobin ≥ 8.5 mmol/l for males and ≥ 7.5 mmol/l for females (to convert 
to dg/l, divide by 0.6206); total bilirubin ≤ 17 μmol/l (to convert to mg/dl, multiply by 0.0584); aspartate 
transaminase ≤ 40 U/l; alanine transaminase ≤ 34 U/l; amylase ≤ 220 U/l; ϒ glutamyl transpeptidase ≤ 60 
U/l; alkaline phosphatase ≥ 40 but ≤ 120 U/l; C-reactive protein ≤ 5.0 mg/l; creatinine ≥ 75 but ≤ 110 μmol/l 
for males and ≥ 65 but ≤ 95 μmol/l for females.
§Defined as loss of fat plane, flattening/narrowing or encasement up to 180˚ of one or more of the following 
vessels: superior mesenteric vein, superior mesenteric artery, portal vein. 
OR, odds ratio; CI, confidence interval; CT, computed tomography; ASA, American Society of Anesthesiologists
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Table 4 displays the number and proportion of patients with distant metastasis in 
subgroups based on different cutoff points for tumor size on CT (≥ 2, 3 or 4 cm) and 
weight loss (regardless of weight loss, weight loss ≥ 5 kg, or weight loss ≥ 10 kg), 
with or without history of jaundice. In the entire study population, 21% of the patients 
had distant metastasis. In patients with a tumor ≥ 3 cm on CT and severe weight loss 
(≥ 10 kg) or with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the proportion 
of patients with distant metastasis was well above 40%.

Table 4. Distant metastases in patients according to tumor size, weight loss, and jaundice
Weight loss History of jaundice Patients 

fulfilling criteria 
(n = 385)

Patients 
with distant 
metastasis 
(n = 79, 21%)

Tumors ≥ 2 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 205 (53) 57 (28)
  Regardless of weight loss + 175 (54) 54 (31)
  ≥ 5 kg Regardless of jaundice 123 (39)* 39 (32)
  ≥ 5 kg + 107 (34)* 37 (35)
  ≥ 10 kg Regardless of jaundice 53 (19)* 19 (36)
  ≥ 10 kg + 45 (18)* 18 (40)
Tumors ≥ 3 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 90 (23) 29 (32)
  Regardless of weight loss + 82 (21) 28 (34)
  ≥ 5 kg Regardless of jaundice 57 (18)* 21 (37)
  ≥ 5 kg + 53 (17)* 20 (38)
  ≥ 10 kg Regardless of jaundice (A) 28 (9)* 12 (43)
  ≥ 10 kg + 26 (8)* 11 (42)
Tumors ≥ 4 cm – No. (%)
  Regardless of weight loss Regardless of jaundice 21 (5) 6 (29)
  Regardless of weight loss + 18 (5) 6 (33)
  ≥ 5 kg Regardless of jaundice (B) 12 (4)* 5 (42)
  ≥ 5 kg + 11 (3)* 5 (46)
  ≥ 10 kg Regardless of jaundice 3 (1)* 1 (33)
  ≥ 10 kg + 3 (1)* 1 (33)

(A) or (B) Regardless of jaundice 37 (12)* 16 (43)
(A) or (B) + 34 (11)* 15 (44)
*Calculation based on 315 patients whose data on weight loss were available.
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DISCUSSION

In patients with a pancreatic or periampullary tumor, adequate staging is of crucial 
importance for preoperative selection of candidates for surgery. In our center, SL was 
abandoned from the staging protocol after a prospective study revealed that it had only 
limited additional value. The present study was performed to identify patients with a 
high risk of distant metastasis at exploration – in whom routine SL might be beneficial. 
In the present study, 21% of patients had distant metastasis at the time of surgical 
exploration. Logistic regression analysis with backward elimination revealed that the 
key predictors of distant metastasis were the size of the tumor on CT, weight loss, 
and a history of jaundice. After applying these risk factors to our database, we found 
that in patients with a tumor ≥ 3 cm and severe weight loss (≥ 10 kg) and in patients 
with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), the proportion of patients 
with distant metastasis was well over 40%. These criteria were fulfilled in just over 
10% of patients.

Nieveen van Dijkum et al. and Tilleman et al. showed that the histologically 
proven accuracy of SL for distant metastasis was 60%.10,18 This figure implies that in 
this selected patient group, with more than 40% of patients with distant metastasis, 
a nontherapeutic laparotomy could be prevented in > 25% by performing SL; one 
could speculate that this yield might become even higher in the light of advances in 
diagnostic techniques that can be applied during SL. 

Large tumor size and weight loss have earlier been described as conditions 
reflecting more advanced disease that may implicate a higher risk of CT-occult 
metastastic disease. Morganti et al. described a series of 54 explorations for pancreatic 
cancer.26 Six of their patients had liver metastasis, all of whom had a tumor > 3 cm. 
Yoshida et al. described a series of 45 patients with pancreatic cancer, presumed 
resectable after imaging, in which the mean resectable tumor size was 3.1 cm and 
the mean unresectable tumor size was 4.4 cm.27 Pisters et al. and Stefanidis et al. 
concluded in their respective reviews on SL that the procedure should be selectively 
applied to patients at high risk of distant metastasis; both mentioned tumor size 
as the first criterion.9,14 Pisters et al. also mentioned weight loss as a criterion that 
suggested more advanced disease.14 To our knowledge, the present study is the first 
to describe the association between weight loss and the presence of distant metastasis 
for pancreatic/periampullary cancer. Connor et al. also noted that jaundice was a 
factor in the SL yield.25
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This study has some limitations. First, we have used indirect assessment to 
estimate the potential yield of SL; distant metastasis was used as the surrogate marker 
for patients who might benefit from the procedure. This indirect assessment method is 
widely accepted and has frequently been used before, although it should of course be 
interpreted with some caution.28,29 However, we believe that it is a valid assumption 
that SL is more useful for detecting distant metastasis than for detecting lymph node 
metastasis or local tumor ingrowth. Nieveen van Dijkum et al. found that no patient 
with locoregional tumor ingrowth or lymph node metastasis could be classified as 
‘definitely irresectable’ at SL, mostly due to the lack of histological confirmation. 
Most of these patients were classified as ‘probably irresectable’, and were offered 
an exploration; approximately one-third of these explorations resulted in resection.10

The potentially additional value of laparoscopic US and peritoneal cytology 
was not taken into account in this study design. However, in our previous studies, 
the additional value of these procedures was small (1% and 0.8%, respectively), 
mostly because suspected lesions had already been seen at laparoscopy, or because 
histological confirmation could not be obtained.30,31

Serum CA19-9 and albumin levels were not routinely measured preoperatively 
and could not be evaluated. Some studies suggest that elevated serum CA19-9 and 
low albumin levels indicate progressive disease and could help to increase the yield 
of SL.14,24,25,32,33

Our study was performed in a large consecutive series of patients, whose patient 
characteristics and hospital course were prospectively registered. We have identified 
two risk factors for the presence of distant metastasis in patients with pancreatic or 
periampullary tumors who are deemed resectable after preoperative imaging: tumor 
size on CT scan and weight loss. In patients with a tumor ≥ 3 cm and severe weight 
loss (≥ 10 kg), and in patients with a tumor ≥ 4 cm and moderate weight loss (≥ 5 kg), 
the proportion of patients with distant metastasis was well above 40%. A history of 
jaundice increased the risk of distant metastasis even further.

The question remains which method provides the best palliation for patients with 
unresectable disease found at SL. In general, endoscopic stenting is the preferred 
treatment in patients with metastasis. We have previously randomized a small series 
of patients with unresectable disease found at SL between endoscopic and surgical 
palliation and found that the group with surgical palliation had longer disease-free 
and overall survivals.10 A well-powered trial randomizing between (laparoscopic) 
surgical palliation and endoscopic palliation may help to establish the best treatment 
for patients with metastatic disease found during SL.
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CONCLUSIONS

The easily applicable criteria we identified in the present study make it possible 
to select just over 10% of patients at high risk of distant metastasis, who may benefit 
from a SL. At our center, we plan to start using a strategy of scheduling SL before 
exploration, preferably during the same session, in these selected patients. Future 
studies must validate these criteria and point out whether this strategy decreases the 
number of nontherapeutic laparotomies. 
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ABSTRACT 

Objective: To evaluate the relation between delay in surgery because of preoperative 
biliary drainage (PBD) and survival in patients scheduled for surgery for pancreatic 
head cancer.

Background: Patients with obstructive jaundice due to pancreatic head cancer can 
undergo PBD. The associated delay of surgery can lead to more advanced cancer 
stages at surgical exploration, affecting resection rate and survival.

Methods: We conducted a multicenter, randomized controlled clinical trial to 
compare PBD with early surgery (ES) for pancreatic head cancer for complications. 
We obtained Kaplan-Meier estimates of overall survival for patients with pathology-
proven malignancy and compared survival functions of ES and PBD groups using 
log-rank test statistics. Multivariable Cox regression analyses were performed to 
evaluate the prognostic role of time to surgery for overall survival.

Results: Mean times from randomization to surgery were 1.2 (0.9-1.5) and 5.1 (4.8-
5.5) weeks in the ES and PBD groups, respectively (P < 0.001). In the ES group, 60 
(67%) of 89 patients underwent resection, versus 53 (58%) of 91 patients in the PBD 
group (P = 0.20). Median survival after randomization was 12.2 (9.1-15.4) months 
in the ES group versus 12.7 (8.9-16.6) months in the PBD group (P = 0.91). A longer 
time to surgery was significantly associated with slightly lower mortality rate after 
surgery (hazard ratio 0.90, 95% CI, 0.83-0.97), when taking into account resection, 
bilirubin, complications, pancreatic adenocarcinoma, tumor-positive lymph nodes, 
and microscopically residual disease.

Conclusions: In patients with pancreatic head cancer, the delay in surgery associated 
with PBD does not impair or benefit survival rate.
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INTRODUCTION

Patients with a periampullary or pancreatic head tumor generally present with 
obstructive jaundice. In the absence of radiological signs of locoregional irresectable 
or metastatic disease, surgical exploration with curative intent is the treatment of 
choice.1 Because surgery in jaundiced patients is thought to increase the risk of 
postoperative complications, preoperative biliary drainage (PBD) is often performed.2 
Routine application of this procedure, which also carries a risk of complications, has 
been a matter of debate for many years.3,4 Recently, we conducted a randomized trial 
that compared PBD, followed by surgery, with surgery alone.5 We found that patients 
allocated to PBD had significantly more overall treatment complications than patients 
undergoing surgery without PBD. On the basis of these results, we concluded that 
application of PBD should not be routinely performed. 

Preoperative biliary drainage may still be clinically relevant in subsets of patients, 
such as severely jaundiced patients, patients with ongoing cholangitis, or – in the near 
future – patients scheduled for neoadjuvant chemoradiation therapy. Preoperative 
biliary drainage may also be warranted when early surgery (ES) is not feasible because 
of logistic reasons. Furthermore, PBD allows for referral to a high-volume center.6,7 

In the light of these considerations, it is important to evaluate whether the 
scheduled delay in surgery, required for an effective period of PBD, leads to more 
advanced cancer stages at exploration. In theory, this could affect the resection rate 
and eventually lead to reduced survival. 

 To our knowledge, the study by Smith et al. is the only study that investigated 
the effects of PBD on survival in patients who underwent pancreatoduodenectomy 
for pancreatic cancer.8 The authors found no difference in early survival (up to 6 
months after resection) or in long-term survival between stented and nonstented 
patients. Studies have been performed on the influence of the therapeutic delay on 
survival in other types of cancer. In rectal cancer, a therapeutic delay from the onset 
of symptoms until treatment of at least 60 days was shown to be negatively associated 
with survival. Comparable associations were not found in colonic or lung cancer.9,10 

In this study, we investigated the effect of the therapeutic delay on survival of 
PBD followed by surgery, versus surgery alone, in patients with a malignancy in 
the pancreatic head region. The data were collected in a randomized clinical trial, 
supplemented by additional collection of mortality data. In this additional analysis, 
we evaluated the effect of therapeutic delay conditional on, and in addition to, other 
documented prognostic factors.
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METHODS

STUDY DESIGN
Treatment data were collected in patients who had participated in a randomized, 

controlled multicenter trial comparing PBD, followed by surgery, with surgery alone 
(ISRCTN31939699).5 Details of the trial design have been published elsewhere; here 
we will summarize the key aspects.5,11 

Patients were enrolled in 5 university medical centers and 8 major teaching 
hospitals. All patients or their legal representatives provided written informed consent 
for study participation. Included patients were 18 to 85 years of age, had a serum 
total bilirubin level of 40 to 250 μmol/L (2.3-14.6 mg/dL), and had no evidence of 
locoregional irresectable or metastatic disease on computed tomography. Within 4 
days after computed tomography, patients were randomized to undergo PBD (PBD 
group) for a period of 4 to 6 weeks, or to proceed to surgery within 1 week (ES 
group).

Preoperative biliary drainage was performed at endoscopic retrograde 
cholangiopancreatography (ERCP) by placement of a plastic stent. In case of 2 failed 
ERCP attempts, percutaneous transhepatic cholangiography was used as rescue 
option to achieve biliary drainage.

The standard surgical procedure was a pylorus-preserving pancreatoduodenectomy 
with removal of lymph nodes at the right side of the portal vein.12 On indication 
of tumor ingrowth in pylorus or proximal duodenum, a classic Whipple procedure 
was performed. In case of metastasis or local tumor ingrowth, biopsy samples 
were taken for histological analysis. Surgical palliation was mostly achieved by 
creating a hepaticojejunostomy with or without gastroenterostomy and celiac plexus 
neurolysis.12-14 For this analysis, we used and collected additionally data from all 
patients with histologically proven malignancy. Additional survival data were 
collected through contacting general physicians, hospitals, or registry databases. 
Date and cause of death were obtained from general physicians or from hospitals 
where patients had died during hospital admittance. If details on cause of death could 
not be provided, date of death was obtained from registry databases. 

STATISTICAL ANALYSIS
The main endpoint of the study was overall survival, defined as the time from the 

date of randomization to the date of death, irrespective of cause. Overall and cancer-
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specific survival times were evaluated from the time of randomization to the time 
of death. Kaplan-Meier estimates of survival were obtained. Overall survival was 
compared between the PBD group and the ES group, using log-rank test statistics, 
and evaluated for all patients, for patients who underwent resection and for patients 
with irresectable disease at surgery. Prognostic factors for survival were identified in 
all patients and in patients who had undergone resection.

We examined the effect of a delay in surgery on survival, conditional on a number 
of prognostic variables, using multivariable Cox proportional hazards modeling. 
The following predictors were considered: age, sex, serum total bilirubin level at 
randomization, need for intraoperative blood transfusion, resection of tumor, and 
complications related to PBD or surgery. In addition, the following pathological 
characteristics were considered in patients who had undergone resection: pancreatic 
adenocarcinoma (vs other malignancies), tumor-positive lymph nodes, and 
microscopically residual disease.

P-values less than 0.05 were considered to indicate statistically significant effects. 
All statistical analyses were performed using SPSS version 15.0 (Statistical Package 
for the Social Sciences, Chicago, Illinois).

RESULTS

Between November 2003 and June 2008, 202 patients with obstructive jaundice due 
to a suspected periampullary malignancy gave informed consent and were included 
in the randomized trial. Of these 202 patients, 6 patients were excluded from further 
analysis because they withdrew their informed consent (2) or because their bilirubin 
levels had not been in accordance with the inclusion criteria before randomization 
(4). In 185 of the remaining 196 patients, a final diagnosis of histologically proven 
malignancy was made; these patients were included in this analysis (Table 1).

PATIENT CHARACTERISTICS
The PBD and ES groups consisted of 95 and 90 patients, respectively. At baseline, 

demographic and clinical characteristics of the 2 study groups were comparable, except 
for sex and body mass index. Five patients in the ES group underwent PBD, because 
surgery could not be scheduled in time (3), cholangitis developed (1) or because 
severe hyperglycemia developed (1). In the PBD group, there were technical failures 
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in 3 patients: failure of both ERCP and percutaneous transhepatic cholangiography 
(1), bile duct perforation at ERCP for which an emergency laparotomy was performed 
(1), and hemorrhage at sphincterotomy, which stopped the procedure (1). 

Mean difference between groups in the delay to surgery was 4 weeks: the delay 
was 1.2 weeks in the ES group (95% confidence interval [CI], 0.9-1.4) versus 5.2 
weeks in the PBD group (95% CI, 4.8-5.5). Figure 1 shows the distribution of time 
from randomization to surgery for the 2 groups. Other treatment characteristics of the 
2 study groups were similar. Of the 89 operated patients in the ES group, 29 patients 
were found to have unresectable disease at surgical exploration (33%), versus 38 of 
91 operated patients (42%) in the PBD group (P = 0.20). In the PBD group, resection 
rates of patients with or without PBD-related complications were not different (both 
58%, P = 0.99).

Table 1. Demographic and clinical characteristics of 185 patients with histology-proven malignant 
disease who were randomized to receive PBD or not

Characteristic ES (n = 90) PBD (n = 95) P-value

Patient variables
  Age (years), mean ± SD 64.6 ± 9.5 64.7 ± 10.3 0.94
  Males – No. (%) 63 (70) 51 (54) 0.02
  Comorbidity – No. (%)
    Diabetes mellitus 19 (21) 14 (15) 0.26
    Cardiovascular disease* 22 (24) 15 (16) 0.14
    Hypertension 20 (22) 21 (21) 0.99
    COPD 4 (4) 3 (3) 0.72
  Body mass index, mean ± SD† 24.0 ± 3.1 25.2 ± 3.9 0.04
  Duration of symptoms (weeks), med. (IQR) 3 (2-5) 3 (2-5)
  Weight loss (kg), med. (IQR)‡ 5 (3-10) 5 (3-7) 0.58
  Karnofsky performance score – No. (%)
    ≥ 80 87 (97) 89 (94) 0.35
    < 80 3 (3) 6 (6)
  Total serum bilirubin level§ 149 ± 54.5 160 ± 57.9 0.19
Treatment variables
  Underwent PBD – No. (%) 5 (6) 92 (97) <0.01
  Time to surgery (weeks), mean (95% CI) 1.2 (0.9-1.5) 5.1 (4.8-5.5) <0.01
  Intraoperative blood transfusion – No. (%) 14 (16) 14 (15) 0.95
  Type of surgical treatment – No. (%)
    Resection 60 (67) 53 (56) 0.19
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    Palliative bypass procedure or exploration 29 (32) 38 (40)
    No surgery 1 (1) 4 (4)
  Overall complications¶ 35 (39) 72 (76) <0.01
Pathological variables – No. (%)**
  Irresectable disease 29 (33) 38 (42) 0.20
  Characteristics of resected tumors
    Pancreatic adenocarcinoma 47 (78) 30 (57) 0.15
    Ampullary adenocarcinoma 7 (12) 12 (23)
    CBD adenocarcinoma 4 (7) 6 (11)
    Duodenal adenocarcinoma 1 (2) 1 (2)
    Neuroendocrine tumor 1 (1) 1 (1)
    Cystic tumor - 3 (6)
  Tumor-positive lymph nodes (N1) 39 (65) 37 (70) 0.59
  Microscopically residual disease (R1) 16 (27) 20 (38) 0.21
*Other than hypertension.
†Body mass index is the weight in kilograms divided by the square of the height in meters.
‡Compared with reported weight 1 year earlier.
§To convert values for bilirubin to milligrams per deciliter, multiply by 0.0584.
¶Related to PBD and/or surgery.
**Numbers and percentages shown for 180 patients who underwent surgery and were diagnosed with 
frozen section (when not resected), or at pathological investigation (after resection).
ES, early surgery; PBD, preoperative biliary drainage; SD, standard deviation; COPD, chronic obstructive 
pulmonary disease; IQR, interquartile range; CI, confidence interval; CBD, common bile duct

Figure 1. The distribution of time from randomization to surgery in weeks for patients randomized 
to ES or PBD
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 Figure 2 shows the resection versus bypass ratio for the 2 groups, plotted against 
time from randomization to surgery. Overall diagnoses at pathology in resected patients 
were not different between the ES and PBD groups (χ2 test including all pathologic 
entities, P = 0.15), but significantly more patients had pancreatic adenocarcinoma in 
the ES group (n = 47; 78%) than in the PBD group (n = 30; 57%) (χ2 test of pancreatic 
adenocarcinoma vs other diagnoses, P = 0.01). After resection, tumor-positive lymph 
nodes (N1) and microscopically residual disease (R1, defined as microscopic tumor 
involvement of any dissection or resection plane) were found in similar proportions 
in the 2 study groups. 

SURVIVAL IN PBD AND ES GROUPS
Two-year follow-up was complete in 177 (96%) patients. At the last follow up, 

32 patients were still alive of whom 2-year follow-up was complete in 24 (75%), and 
153 patients had died.

Figure 2. The distribution of patients who underwent a resection or a palliative bypass procedure, 
randomized to ES or PBS, plotted in time time from randomization to surgery

One patient had died because of unknown reasons. The cause of death in the other 
patients was disease-related in all but four. These patients died because of cardiac disease 
(2), recurrence of colonic cancer with metastasis (1), and metastasized amelanotic 
melanoma (1). Figure 3 shows the Kaplan-Meier overall survival curve for the entire 
group of 185 patients. Median survival time was 12.7 months (95% CI, 10.1-15.3).
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In the PBD group, 77 had died (81%) versus 76 in the ES group (84%). The 
Kaplan-Meier overall survival curves for the 2 study groups are shown in Figure 4. 
Median survival time after randomization in the PBD group was 12.7 months (95% 
CI, 8.9-16.6), versus 12.2 months (95% CI, 9.1-15.4) in the ES group. Difference 
between the survival curves was not statistically significant (log-rank test, P = 0.91).  

Figure 3. Kaplan-Meier overall survival curve of 185 patients with a malignancy 

Figure 4. Kaplan-Meier overall survival curves of patients with a malignancy who were 
randomized to ES or PBD
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PROGNOSTIC FACTORS FOR SURVIVAL IN PATIENTS UNDERGOING SURGICAL 
TREATMENT

The results of the uni- and multivariable analysis of prognostic factors for overall 
survival in all operated patients are given in Table 2. Displayed are the hazard ratios 
and their 95% CIs. In univariable analysis, resection of tumor had a significant 
protective effect on survival, whereas a higher bilirubin at the time of randomization 
was associated with worse survival. 

Multivariable Cox regression analysis also demonstrated that resection of tumor 
and high bilirubin at the time of randomization were significant factors for overall 
survival. In addition, the occurrence of complications related to PBD or surgery was 
found to be significantly associated with worse survival. Taking other prognostic 
factors into account, patients with a longer delay between randomization and surgery 
had a slightly lower mortality (hazard ratio [HR] = 0.91, per increment of 1 week, 
95% CI, 0.84-0.99).

Table 2. Uni- and multivariable analysis of predictive factors for overall survival in 180 patients 
who underwent surgery for a malignancy of the pancreatic head

Variable Univariable Multivariable
 HR (95% CI) HR (95% CI)

Time from randomization to surgery, 1-wk 
increment

0.98 (0.92-1.05) 0.91 (0.84-0.99)†

Age, 1-year increment* 1.00 (0.98-1.02) 1.00 (0.98-1.01)
Female sex 1.06 (0.76-1.48) 1.26 (0.87-1.80)
Bilirubin at randomization (quartiles), 1-quart. 
increment

1.17 (1.01-1.35)† 1.22 (1.04-1.43)†

Underwent PBD 0.90 (0.65-1.24) NA
Resection of tumor 0.32 (0.23-0.46)‡ 0.28 (0.20-0.41)‡
Intraoperative blood transfusion 1.10 (0.71-1.71) 1.25 (0.79-1.98)
Complications related to PBD and/or surgery 1.09 (0.79-1.51) 1.45 (1.01-2.09)†
*At the time of surgery.
†Significant at P < 0.05 level.
‡Significant at P < 0.01 level.
HR, hazard ratio; CI, confidence interval; PBD, preoperative biliary drainage; NA, not applicable

SURVIVAL AFTER RESECTION 
In the ES group, 60 (67%) of 89 patients underwent resection versus 53 (58%) of 

91 patients in the PBD group (P = 0.20). Of resected specimens, 44 (73%) were R0-
resections in the ES group, versus 33 (62%) in the PBD group (P = 0.21).
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Two-year follow-up was complete in 105 of 113 resected patients (93%). At last 
follow-up, 82 (73%) patients had died. In the PBD group, 35 (66%) of 53 resected 
patients had died versus 47 (78%) of 60 resected patients in the ES group. Figure 
5 shows the Kaplan-Meier survival curves up to 3 years for patients in the 2 study 
groups who underwent resection. Median survival times were 21.6 months (95% 
CI, 10.1- 33.2) in the PBD group and 17.8 (95% CI, 11.7-24.0) months in the ES 
group. The difference in survival was not significant (log-rank test, P = 0.25). Median 
survival times for resected pancreatic and periampullary adenocarcinomas were 15.2 
months (95% CI, 10.3-20.2) and 44.7 months (95% CI, 17.3-72.1), respectively (P 
< 0.01).

 

Figure 5. Kaplan-Meier overall survival curves of patients with a malignancy who were randomized 
to ES or PBD and underwent resection of the tumor

PROGNOSTIC FACTORS FOR SURVIVAL AFTER RESECTION
In univariable analysis of patients who had undergone resection (n = 113), the 

following clinicopathological characteristics were significantly associated with 
worse overall survival after surgery: high bilirubin at randomization, pancreatic 
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adenocarcinoma (compared with other malignancies), the presence of tumor-positive 
lymph nodes, and microscopically residual disease (Table 3). These variables were 
entered into a multivariable Cox regression model, alongside age and sex, time from 
randomization to surgery, and overall complications related to PBD or surgery. Need 
for intraoperative blood transfusion was not entered into the model because of the 
low number of events. Multivariable Cox regression analysis showed that time to 
surgery, total serum bilirubin at randomization, pancreatic adenocarcinoma, tumor-
positive lymph nodes, microscopically residual disease, and overall complications 
related to PBD or surgery were significant factors for overall survival. Taking all 
other prognostic factors into account, patients with a longer delay to surgery had a 
slightly lower mortality (HR = 0.85, per increment of 1 week, 95% CI, 0.75-0.96).

Table 3. Uni- and multivariable analysis of predictive factors for overall survival after resection of a 
malignancy of the pancreatic head in 113 patients

Variable Univariable Multivariable
 HR (95% CI) HR (95% CI)

Time from randomization to surgery, 1-wk 
increment 0.92 (0.83-1.01) 0.85 (0.75-0.96)§

Age, 1-year increment* 1.00 (0.98-1.03) 1.00 (0.97-1.02)
Female sex 1.06 (0.68-1.66) 1.01 (0.64-1.60)

Bilirubin at randomization (quartiles), 1-quart. 
increment 1.29 (1.05-1.57)‡ 1.26 (1.02-1.54)‡

Intraoperative blood transfusion 1.37 (0.81-2.32) NA
Pancreatic adenocarcinoma† 2.22 (1.34-3.69)§ 1.72 (1.00-2.96)‡
Tumor-positive lymph nodes (N1) 2.63 (1.54-4.49)§ 2.04 (1.15-3.62)‡
Microscopically residual disease (R1) 2.93 (1.87-4.59)§ 2.11 (1.28-3.50)§
Complications related to PBD and/or surgery 1.30 (0.82-2.04) 1.97 (1.18-3.27)§
*At the time of surgery.
†Reference category: other malignancies.
‡Significant at P < 0.05 level.
§Significant at P < 0.01 level.
HR, hazard ratio; CI, confidence interval; PBD, preoperative biliary drainage; NA, not applicable
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SURVIVAL AFTER PALLIATIVE SURGERY
At last follow-up, 1 patient (2%) with irresectable disease was still alive, 27.6 

months after randomization. In Figure 6, the Kaplan-Meier survival curves of the 
2 study groups are shown for patients with irresectable disease at surgery (log-rank 
test, P = 0.94). Median survival time for patients with irresectable disease in the PBD 
group was 7.5 months (95% CI, 4.5-10.5) versus 9.4 months (95% CI, 6.1-12.7) in 
the ES group. 

 

Figure 6. Kaplan-Meier overall survival curves of patients with a malignancy who were randomized 
to ES or PBD, and underwent a palliative bypass procedure

DISCUSSION

This is the first randomized study of survival after PBD, followed by surgery 
compared with surgery alone, in patients with obstructive jaundice due to cancer in the 
pancreatic head region. The primary aim of this analysis was to investigate whether 
PBD, and the associated delay in surgery, does impair overall survival rate in patients 
with a malignant lesion. We found that PBD, with an associated delay in surgery of 4 
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weeks, had no effect on overall survival rate, as compared with surgery alone.
The median survival times of the ES and PBD groups, 12.2 and 12.7 months 

respectively, were comparable. Resection rates were 58% in the PBD group 
versus 67% in the ES group. Of the resected specimens, 73% were R0 resections 
in the ES group versus 62% in the PBD group. Both these findings did not reach 
statistical significance, although they can be considered clinically relevant. Most 
studies on PBD included only resected patients, to compare postoperative morbidity 
of pancreatic resection, and did not mention the resection rate in patients with a 
malignancy. However, the resection rate may be of importance from the perspective 
of long-term survival in the whole population with potentially resectable tumors. In 
this study, overall resection rate in operated patients was rather low (63%) but still in 
accordance with current literature.8,15 The difference in resection rates did not lead to 
different survival rates in the 2 treatment groups.

The median survival times after resection of 21.6 months in the PBD group and 17.8 
months in the ES group are irrespective of underlying pathology. The fact that resected 
patients of the ES group contained significantly more pancreatic adenocarcinomas 
than the PBD group is likely to have influenced survival times in the 2 study groups. 
It is well accepted that survival following pancreatoduodenectomy for pancreatic or 
periampullary tumors is closely related to the histopathological origin and biological 
behavior of the underlying disease.16 The median survival times in resected pancreatic 
adenocarcinoma (15.2 months) and resected periampullary adenocarcinomas (44.7 
months) are in line with those in previously published reports.16,17 Median survival 
time in patients who were found to be irresectable at surgery (8.1 months) is in close 
accordance with previous studies.18-20

We found that in the entire group of patients who underwent surgical treatment, 
time to surgery was associated with survival, with patients with a longer delay having 
better survival. Resection of the tumor, high bilirubin levels at randomization, and 
the occurrence of complications related to PBD or surgery were other prognostic 
factors for survival rate. In patients who underwent resection, longer delay to 
surgery was also associated with slightly better survival. Other prognostic factors in 
resected patients for survival rate were high bilirubin at randomization, pathological 
diagnosis of pancreatic adenocarcinoma, the presence of tumor-positive lymph 
nodes, microscopically residual disease, and the occurrence of complications related 
to PBD or surgery. 
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The association between longer delay in surgery and better survival in all patients 
who underwent surgery was not adjusted for pathologic entity, because patients with 
irresectable disease were also included in this group. This finding may have been 
influenced by the significantly higher number of pancreatic adenocarcinomas in 
resected patients of the ES group, leading to earlier resection of these tumors with 
worse prognosis. 

High serum total bilirubin at randomization was also found to be prognostic for 
overall survival, both in all patients undergoing surgical treatment and in resected 
patients. This relationship has earlier been identified in periampullary tumors but was 
not found in pancreatic adenocarcinoma.21-23

Tumor-positive lymph nodes and microscopically residual disease were found to 
be associated with survival after resection. These associations have been extensively 
described before for both pancreatic adenocarcinoma and periampullary carcinoma; 
in pancreatic adenocarcinoma, the achievement of a margin-negative R0 resection 
has been demonstrated to be the most significant predictor for long-term survival, 
whereas for periampullary carcinoma positive lymph node status is highly predictive 
of a dismal outcome.22,24-29

We found that the occurrence of complications related to PBD or surgery is 
associated with worse survival. Postoperative complications have earlier been 
recognized as a prognostic factor for long-term survival after resection for pancreatic 
and periampullary cancer.21-24 Similar findings have been described in oral cancer, 
colorectal cancer and esophageal cancer.30-32 A possible explanation for this 
phenomenon is the presence of residual viable tumor cells, especially at anastomotic 
sites, combined with a systemic inflammatory response leading to the release of 
proinflammatory cytokines and growth factors and an associated immunosuppression, 
which may stimulate the growth of these residual tumor cells.31,32

Preoperative biliary drainage was originally performed to improve hepatic 
function, nutritional status, and immune response, and to reduce the risk of 
postoperative complications.2,33 The optimal duration of therapeutic biliary drainage 
to reverse major metabolic abnormalities associated with severe jaundice is unclear.2,5 
A short period of drainage does not lead to full recovery, whereas a too extensive 
period risks stent occlusion and secondary inflammation of the bile duct wall.34,35 In 
our randomized trial, we aimed for 4 to 6 weeks of biliary drainage. Although early 
studies showed improved postoperative mortality in jaundiced patients after PBD, 
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other studies found no beneficial effects of the procedure.4,36-41 In the total patient 
cohort of this study, we showed that PBD of 4 to 6 weeks leads to more complications 
than surgery alone and should not be routinely performed.5 However, the majority of 
patients with obstructive jaundice referred to our hepatopancreatobiliary department 
have already undergone biliary drainage, as is the current situation in many other 
institutions.6,42 Apart from the change in referral pattern that is needed for an ES 
strategy, the difficulty to schedule such a complex operation within a week may hamper 
the introduction of an ES strategy in daily practice.6,43 When ES is not feasible, one 
may still have to opt for a strategy with PBD. Although this study was not powered 
to detect differences in survival, the almost identical Kaplan-Meier survival curves 
of the 2 study groups show that the delay in surgical therapy associated with PBD has 
no negative effect on survival.

In conclusion, PBD followed by surgery does not impair long-term overall 
survival in patients with obstructive jaundice due to cancer in the pancreatic head 
region, as compared with surgery alone. PBD does not offer a survival benefit either. 
Considering the risk of procedural complications, ES remains the treatment of choice.
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ABSTRACT

Background: Delayed gastric emptying (DGE) is among the most common 
complications after pancreatoduodenectomy (PD) and might demand postoperative 
nutritional support. The aim of this study was to investigate the association between 
preoperative symptoms of gastric outlet obstruction and DGE after PD in an attempt 
to identify patients in whom placement of a feeding tube at time of operation might 
be beneficial.

Methods: We analyzed a consecutive series of 401 patients undergoing PD from a 
prospective database. Preoperative symptoms of nausea, vomiting, loss of appetite, 
weight loss, postprandial complaints, and dysphagia were retrospectively determined. 
Primary outcome was clinically relevant DGE according to the International Study 
Group of Pancreatic Surgery classification and the necessity of postoperative insertion 
of a nasojejunal feeding tube.

Results: The incidence of clinically relevant DGE was 33.2% (133/401 patients). A 
nasojejunal feeding tube was inserted in 119 patients (29.7%). Patients having ≥ 2 
symptoms of gastric outlet obstruction except weight loss (50 patients; 12.5%), were 
at a greater risk of developing both DGE (21.1% vs 8.2%; P < 0.001) and the need 
for insertion of a feeding tube (21.8% vs 8.5%; P < 0.001). In multivariable logistic 
regression analysis, the presence of ≥ 2 symptoms of gastric outlet obstruction other 
than weight loss remained a significant predictor of DGE (odds ratio [OR], 3.1; 95% 
confidence interval [CI], 1.7-5.8) and the need for insertion of a nasojejunal feeding 
tube (OR, 3.1; 95% CI, 1.7-5.7).

Conclusion: The preoperative presence of ≥ 2 symptoms of gastric outlet obstruction 
is a significant predictor of postoperative DGE after PD. By applying this risk factor, 
patients in whom placement of a feeding tube during surgery should be considered 
can be identified. 
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INTRODUCTION

Despite a reduction of mortality after pancreatoduodenectomy (PD) to < 5% 
in high-volume centers, postoperative morbidity rate remains high (approximately 
50%).1,2 Delayed gastric emptying (DGE) is among the most common complications 
after PD with an incidence varying from 19 to 57%.1,3 Although not life threatening, 
DGE is associated with prolonged hospital stay, a decreased quality of life, and 
increases healthcare costs. The pathogenesis of DGE after PD remains unclear; 
denervation of the antropyloric region, pyloric and antral ischemia, and decreased 
levels of motilin are suggested to be involved.4-8 Furthermore, the association between 
DGE and other postoperative intra-abdominal complications, such as pancreatic 
fistulae and abscesses, has been reported in several studies.9-13 

DGE is a condition of gastroparesis without mechanical obstruction. It is usually 
determined on the basis of 2 clinical parameters: Number of days that nasogastric 
drainage is required and number of days until solid food is tolerated. Because of the 
lack of a generally accepted definition, the International Study Group of Pancreatic 
Surgery (ISGPS) developed an objective and generally applicable definition in 2007 
based on these 2 clinical parameters.14 

In cases of DGE, additional nutritional support is warranted. Early nutrition has 
become a vital part of postoperative care and fast recovery. For this purpose, enteral 
feeding has proven to be superior to parenteral support.15 With gastroparesis, feeding 
must be administered directly into the jejunum, either via the percutaneous or the 
nasogastric route. Given the potential need for postoperative nutritional support after 
PD, placement of a feeding tube at time of resection might be indicated. However, 
there is no consensus regarding which patients should undergo routine feeding tube 
placement during surgery. 

Identification of preoperative risk factors for DGE could help to select patients 
at risk for developing DGE in whom placement of a feeding tube at operation might 
be beneficial. Several authors have reported male gender to be associated with the 
risk of developing DGE, although female gender as a risk factor is also described.16-19 
Other preoperative identifiable factors suggested to be associated with postoperative 
DGE are high body mass index, age, preoperative cholangitis, benign pathology, and 
diabetes.12,20-23 Furthermore, preoperative hypoalbuminemia, a sign of malnutrition, 
has been associated with increased morbidity and mortality after PD, and this might 
also be an indication for early postoperative feeding.24,25 

The aim of the present study was to investigate the association between 
preoperative symptoms of gastric outlet obstruction and postoperative DGE after PD.
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METHODS

In a consecutive series of 423 patients undergoing elective PD from January 2001 
to April 2009, clinicopathologic data, demographics, and postoperative outcomes 
were prospectively collected. Preoperative symptoms of gastric outlet obstruction 
were analyzed retrospectively. Standardized outpatient clinic letters and letters 
of admission were screened for additional information on these symptoms. The 
presence of preoperative nausea, vomiting, loss of appetite, dysphagia, postprandial 
complaints (abdominal pain, early satiation, or bloating), and weight loss (defined as 
loss of ≥ 5% body weight in 6 months) was evaluated. The symptoms were considered 
to be present if they developed within 6 months of diagnosis and persisted, even 
after adequate biliary drainage. Symptoms that were probably related to obstructive 
jaundice and were relieved by preoperative biliary drainage were not scored as 
symptoms of gastric outlet obstruction. If neither the presence nor the absence of the 
symptoms was specifically mentioned, they were scored as being absent. Because the 
present study involved retrospective analysis of anonymized data from our database, 
the Dutch Ethical Review Board regulations do not require informed consent. 

The standard operative procedure was a pylorus-preserving PD with removal of 
lymph nodes at the right side of the portal vein.26 Dilatation of the pylorus was not 
routinely performed. In case of tumor ingrowth in pylorus or duodenum, a classic 
Whipple’s resection was performed including distal gastric resection. Until 2002, 
octreotide was routinely administered for 7 days. Afterward, octreotide was given 
on indication of soft pancreatic tissue or small (< 2 mm) pancreatic duct. Operative 
placement of a feeding jejunostomy was not standard care, and was only administered 
to patients with severe weight loss (> 10% of body weight) or malnutrition.27 These 
patients were excluded from the present study. A nasogastric tube was placed during 
surgery and was removed if the output was < 300 mL/d. On the first postoperative day, 
a clear liquid diet started. During the subsequent days, the diet was gradually advanced 
to a normal diet as tolerated by the patient. The need for additional nutritional support 
during the postoperative period was determined on clinical grounds of limited oral 
intake. Nutritional support was provided by endoscopic placement of a nasojejunal 
feeding tube. 

Primary outcome measures were the incidence of clinically relevant DGE and 
whether there was a need for insertion of a nasojejunal feeding tube during the 
postoperative course. DGE was defined according to the ISGPS criteria.14 In this 
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definition, the severity of DGE is classified into grades based upon the number of 
days that nasogastric drainage is required, and the number of days until solid food is 
tolerated (Table 1). Grades B and C are considered clinically relevant. 

Table 1. Consensus definition of delayed gastric emptying according to the International Study 
Group of Pancreatic Surgery

DGE Grade NGT required Unable to tolerate solid oral 
intake by POD 

A 4-7 days or reinsertion > POD 3 7
B 8-14 days or reinsertion > POD 7 14
C > 14 days or reinsertion > POD 14 21
DGE, delayed gastric emptying; NGT, nasogastric tube; POD, postoperative day

STATISTICAL ANALYSIS
Descriptive statistics were presented as mean with standard deviation or median 

with interquartile range, depending on the distribution of the data. The χ2 test was used 
for univariate analysis of the association between preoperative symptoms of gastric 
outlet obstruction and the incidence of DGE, as well as insertion of a nasojejunal 
feeding tube. Multivariate analysis was performed using logistic regression analysis 
(enter method) to identify risk factors for both DGE and the need for insertion of a 
nasojejunal feeding tube. The preoperative presence of ≥ 2 symptoms of gastric outlet 
obstruction, except weight loss, was considered a possible predictor, along with age, 
gender, American Association of Anesthesiologists classification, and comorbidity. 
All analyses were performed in SPSS version 18.0.2 (SPSS, Inc, Chicago, IL). 

RESULTS

Of the 423 patients undergoing elective PD for suspected malignancy, 22 patients 
were excluded because of placement of a feeding jejunostomy at time of operation, 
indicated by severe preoperative weight loss. All remaining patients (n = 401) were 
included in this analysis.

Patient characteristics are summarized in Table 2. The mean age was 62.9 years 
and 59% were men. Three hundred sixty-seven patients (92%) underwent a pylorus-
preserving resection. The incidence of preoperative symptoms of gastric outlet 
obstruction is also shown in Table 2.
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Table 2. Baseline characteristics of patients undergoing pancreatoduodenectomy (n = 401)

Characteristic  
Age (years), mean ± SD 62.9 ± 11.3
Male gender – No. (%) 238 (59.4)
ASA classification – No. (%)
  I 75 (18.7)
  II 253 (63.1)
  III/IV 73 (18.2)
Comorbidity – No. (%)
  Cardiac 94 (23.4)
  Pulmonary 39 (9.7)
  Hypertension 97 (24.2)
  Diabetes mellitus 69 (17.2)
Underlying disease – No. (%)
  Pancreatic adenocarcinoma 123 (30.7)
  Ampullary adenocarcinoma 88 (21.9)
  Distal CBD adenocarcinoma 55 (13.7)
  Other (pre)malignant disease 76 (19.0)
  Chronic pancreatitis 34 (8.5)
  Other benign disease 25 (6.2)
Symptoms of preoperative gastric outlet obstruction – No. (%)
  Nausea 70 (17.5)
  Vomiting 30 (7.5)
  Loss of appetite 72 (18.0)
  Weight loss 204 (50.9)
  Postprandial complaints 10 (2.5)
  Dysphagia 6 (1.5)
  ≥ 2 of the above (except weight loss) 50 (12.5)
Preoperative biliary drainage – No. (%) 284 (70.8)
Pylorus-preserving resection – No. (%) 367 (91.5)
SD, standard deviation; ASA, American Society of Anesthesiologists; CBD, common bile duct



Preoperative gastric outlet obstruction and delayed gastric emptying

65

During the postoperative course, 232 patients (58.0%) developed DGE as defined 
by the ISGPS criteria; 99 patients (24.7%) developed grade A, 61 (15.2%) grade B, 
and 72 (18.0%) grade C. Hence, 133 patients (33.2%) developed a clinically relevant 
DGE (grade B or C). A nasojejunal feeding tube was endoscopically placed during 
the postoperative period in 119 of 401 patients (29.7%).

Fifty-six patients (14.0%) received postoperative total parenteral nutrition. 
Indications for total parenteral nutrition were severe postoperative pancreatic 
fistula (n = 27), chyle leakage (n = 6), recurrent nasojejunal tube dysfunction (n 
= 3), and critical illness caused by other miscellaneous complications (n = 20). Of 
these patients, 42 (75.0%) had DGE grade B/C and 36 (64.3%) patients also had 
a nasojejunal feeding tube inserted. The postoperative complications and other 
outcomes are outlined in Table 3.

The rate of clinically relevant DGE did not correlate with gender, age, American 
Society of Anesthesiologists classification, or the presence of diabetes mellitus, 
hypertension, or cardiac and pulmonary comorbidity. 

Of the 106 patients with an intra-abdominal surgical complication (pancreatic 
fistula, postoperative hemorrhage, hepaticojejunostomy leakage, and/or primary 
intra-abdominal abscess), 70 developed DGE grade B/C, compared with 63 of 295 
patients without any of these complications (66.0% vs 21.4%; P < 0.001). There was 
also a clear, significant correlation between intra-abdominal surgical complications 
and the need for insertion of a nasojejunal feeding tube; 63 of 106 patients with these 
complications received a feeding tube compared with 56 of 239 patients without 
abdominal complications (59.4% vs 19.0%; P = 0.001).

Regarding symptoms of gastric outlet obstruction, patients with preoperative 
nausea significantly more often developed DGE grade B/C compared with patients 
without nausea (24.8% vs 13.8%; P = 0.006; Table 4). Furthermore, preoperative 
vomiting was associated with clinically relevant DGE (14.3% vs 4.1%; P < 0.001). 
The incidence of preoperative weight loss on the other hand was greater in the group 
without DGE (54.9% vs 42.9%; P = 0.024). A total of 50 patients had ≥ 2 preoperative 
symptoms of gastric outlet obstruction, except weight loss; namely, 28 in the DGE 
group compared with 22 in the group without clinically relevant DGE (21.1% vs 
8.2%; P < 0.001). 
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Table 3. Postoperative complications and other outcomes after PD (n = 401)

Outcome  
Surgical complications – No. (%) 218 (54.4)
  Delayed gastric emptying* 133 (33.2)
  Pancreatic fistula* 75 (18.7)
  Postoperative hemorrhage* 24 (6.0)
  Hepaticojejunostomy leakage 15 (3.7)
  Primary intra-abdominal abscess 11 (2.7)
  Wound infection 56 (14.0)
  Other 26 (6.5)
Nonsurgical complications – No. (%) 112 (27.9)
  Cardiac 30 (7.5)
  Pulmonary 37 (9.2)
  Urinary tract infection 41 (10.2)
  Other urologic 9 (2.2)
  Other 31 (7.7)
Insertion of nasojejunal feeding tube – No. (%) 119 (29.7)
Length of hospital stay (days), median (IQR) 18 (12)
In-hospital mortality – No. (%) 10 (2.5)
*International Study Group of Pancreatic Surgery definition (grade B or C).
PD, pancreatoduodenectomy; IQR, interquartile range

Among patients with the need for insertion of a nasojejunal feeding tube, the 
incidence of preoperative nausea, vomiting, and dysphagia was significantly higher 
compared with patients without the need for insertion of a feeding tube (25.2% vs 
14.2% [P = 0.008]; 13.4% vs 5.0% [P = 0.003]; 3.4% vs 0.7% [P = 0.046]; Table 
4). Of the 119 patients with the need for insertion of a nasojejunal feeding tube, 26 
had ≥ 2 symptoms of gastric outlet obstruction, except weight loss, compared with 
24 patients in the group without the need for insertion of a feeding tube (21.8% vs 
8.5%; P < 0.001).

In multivariate analysis, ≥ 2 preoperative symptoms of gastric outlet obstruction, 
except weight loss, was identified as the only preoperatively identifiable independent 
risk factor for clinically relevant DGE (odds ratio [OR], 3.12; 95% confidence 
interval [CI], 1.68-5.80; Table 5). Furthermore, multivariate analysis showed that ≥ 2 
symptoms of gastric outlet obstruction, except weight loss, was the only independent 
risk factor for the need for insertion of a nasojejunal feeding tube (OR, 3.10; 95% CI, 
1.67-5.74; Table 5).
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Table 5. Multivariate logistic regression for delayed gastric emptying (DGE) and insertion of 
nasojejunal feeding tube

Variable DGE grade B/C Insertion of nasojejunal 
feeding tube

OR 95% CI OR 95% CI

Age 1.001 0.981-1.022 1.008 0.986-1.029
Gender 1.469 0.940-2.293 1.264 0.802-1.993
ASA classification
  I (reference category) - -
  II 0.952 0.530-1.712 1.262 0.677-2.352
  III/IV 0.734 0.331-1.630 0.956 0.416-2.197
Comorbidity
  Cardiac 0.938 0.547-1.609 0.965 0.557-1.672
  Pulmonary 1.394 0.682-2.849 1.461 0.712-2.996
  Hypertension 1.507 0.882-2.576 1.036 0.595-1.803
  Diabetes mellitus 0.587 0.312-1.103 0.751 0.400-1.411
≥ 2 symptoms of gastric outlet 
obstruction* 3.121 1.679-5.800 3.100 1.675-5.737

*Except weight loss.
DGE, delayed gastric emptying; OR, odds ratio; CI, confidence interval; ASA, American Society of 
Anesthesiologists

DISCUSSION

In the present study, it was shown that preoperative symptoms of gastric outlet 
obstruction are significantly associated with the development of clinically significant 
delayed gastric emptying after PD and the need for insertion of a nasojejunal feeding 
tube during the postoperative course. The presence of ≥ 2 symptoms of gastric 
outlet obstruction (nausea, vomiting, loss of appetite, postprandial complaints, or 
dysphagia) was the only preoperatively identifiable independent risk factor for the 
development of DGE. Furthermore, these symptoms were an independent predictor 
of the need for the insertion of a feeding tube during the postoperative period. Patients 
with ≥ 2 symptoms of gastric outlet obstruction are at an almost 2-fold greater risk 
of developing DGE and are twice as likely to develop the postoperative need for 
insertion of a feeding tube.

Previously, it was shown that several preoperatively identifiable factors are 
associated with DGE after PD, namely, gender and age.16-21 In the present study, these 
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findings were not relevant. Preoperative cholangitis and high body mass index have 
also been associated with DGE.20,22 Furthermore, a low preoperative albumin level 
is a risk factor for increased morbidity after PD.24,25 Unfortunately, data concerning 
preoperative cholangitis, body mass index, and albumin levels were not available 
for all patients and, therefore, could not be used in the multivariate analysis. To 
our knowledge, the present study is the first to describe the association between 
preoperative symptoms of gastric outlet obstruction and DGE after PD. 

Although not life threatening, DGE is among the most common complications 
after PD and therefore important to treat adequately. As part of postoperative care, 
patients with gastroparesis might require enteral nutritional support. Therefore, in 
patients at risk of developing DGE, preventive placement of a feeding tube might be 
beneficial and can enable early feeding. Our findings can help to identify patients in 
whom such a placement should be considered. Because enteral feeding has proven to 
be superior to parenteral feeding, an enteral feeding tube is preferred.15 However, the 
preferable route of enteral feeding, being nasally or percutaneously, was not a subject 
of the present investigation. Other studies are needed to elucidate this aspect of 
nutritional support. The present findings should lead to development of a prediction 
tool for the purpose of identifying high-risk patients and tailoring perioperative care 
to improve outcomes.

The overall incidence of DGE in the present study was 58% according to the ISGPS 
definition, which is within the range reported by others applying the ISGPS criteria 
(33-59%).12,16,19,20,28 However, the incidence of clinically relevant DGE (grade B/C) 
was 33%, which is higher than in previous reports (12-23%).12,19,20,28 This may, despite 
the ISGPS criteria, be caused by differences in standard postoperative managements 
between institutions. The effect of the type and route of nutritional support on gastric 
emptying after PD has been described.29,30 A fast-track regimen (including early 
oral feeding) has also been suggested to influence DGE rate.31 Moreover, decisions 
on nasogastric tube requirement and the start of diet are subjective and may differ 
between surgeons. 

The present study is limited by the retrospective identification of the preoperative 
symptoms of gastric outlet obstruction. Furthermore, the assessment of the symptoms 
solely based on outpatient clinic letters and letters of admission is a shortcoming. 
Reporting of symptoms may differ between patients, and interpretation can vary 
between physicians. Another limitation is the fact that 22 patients did receive a 
jejunostomy tube during surgery for nutritional support, a decision based on clinical 
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grounds of severe weight loss and malnourishment, and were excluded from analysis; 
the need for placement of a feeding tube during the postoperative course (one of the 
primary outcomes), could not be determined. Although weight loss was not associated 
with DGE, exclusion of these patients might have influenced our results. Furthermore, 
29.2% of patients did not undergo preoperative biliary drainage, and in these patients 
it is difficult to exclude obstructive jaundice as cause of the preoperative symptoms. 
Despite these shortcomings, the present study describes a large series of patients 
undergoing PD with prospectively recorded operative and postoperative data. The 
study uses a generally accepted definition of DGE, according to the ISGPS criteria, 
giving the possibility for centers to compare their results properly. 

In conclusion, the present study suggests an association between preoperative 
symptoms of gastric outlet obstruction and DGE after PD and the need for insertion 
of a feeding tube during the postoperative course. Applying this risk factor, placement 
of an enteral feeding tube at time of PD can be considered in high-risk patients. 
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ABSTRACT

Background: Delayed gastric emptying (DGE) is a frequent complication after 
pancreatoduodenectomy. Some studies suggest that antecolic (compared with 
retrocolic) gastroenteric reconstruction lowers the incidence of DGE. The present 
study was performed to investigate the relation between the route of gastroenteric 
reconstruction and DGE after pancreatoduodenectomy.

Methods: In a consecutive series of pancreatoduodenectomies, the route of 
gastroenteric reconstruction was retrospectively determined. Hospital course was 
prospectively recorded. Patients with antecolic and retrocolic reconstruction were 
compared. Primary outcome was DGE (ISGPS definition). Secondary outcomes were 
other complications and hospital stay. 

Results: Of 154 included patients, 50% had retrocolic reconstruction. DGE occurred 
in 58% of retrocolic patients, vs 52% of antecolic patients (NS). ‘Primary’ DGE 
(without other intra-abdominal complications) occurred in 36% (retrocolic) and 
20% (antecolic) (P = 0.02) of the patients. In multivariable analysis, the route of 
reconstruction was not associated with primary DGE. Clinically relevant primary 
DGE (grade B/C) did not differ, nor did the secondary outcomes.

Discussion: The incidence of DGE did not differ between the study groups. ‘Primary’ 
DGE was more frequent in the retrocolic group, but in multivariable analysis, no 
association between the route of reconstruction and primary DGE was found. The 
preferred route for gastroenteric reconstruction after pancreatoduodenectomy remains 
to be investigated in a well-powered, randomized, controlled trial.
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INTRODUCTION

In patients with a periampullary tumor, a pancreatoduodenectomy (PD) offers 
the only chance for a cure and therefore is the procedure of choice.1 In recent years, 
mortality of the procedure has dropped to well below 5% in high volume centers, 
but morbidity remains high. Although not lethal, one of the most bothersome 
complications is delayed gastric emptying (DGE) which can prolong the hospital 
stay tremendously.2,3

DGE after PD was first described by Warshaw and Torchiana in the 1980s.4 DGE 
implicates a state of gastroparesis, for which prolonged gastric drainage is necessary 
and delays the return to solid food intake. Throughout the years, many different 
definitions of DGE have been used, of which those by Yeo et al. (1993) and Van Berge 
Henegouwen et al. (1997) were among the two most widely recognized for a long 
time.2,5 However, the persistent diversity of DGE definitions used made it difficult 
to compare results between different studies or centers. Hence, the International 
Study Group of Pancreatic Surgery (ISPGS) came up with a consensus definition of 
DGE in 2007.3 Like most previous definitions, it is based on two clinical parameters: 
the necessity of prolonged nasogastric intubation and a delayed return to solid food 
tolerance. The definition also provides a grading system, based on the clinical impact 
of the gastroparesis (Table 1).3

Table 1. Consensus definition of delayed gastric emptying according to the International Study 
Group of Pancreatic Surgery

DGE Grade NGT required Unable to tolerate solid oral 
intake by POD 

A 4-7 days or reinsertion > POD 3 7
B 8-14 days or reinsertion > POD 7 14
C > 14 days or reinsertion > POD 14 21
DGE, delayed gastric emptying; NGT, nasogastric tube; POD, postoperative day

The exact etiology of DGE is still unknown. Proposed mechanisms include the 
absence of motilin stimulation after duodenal resection, pyloric or antral ischaemia 
and denervation of the stomach and duodenum.6 Furthermore, the condition has been 
related to other intra-abdominal complications.2 Some previous studies suggest a 
role for the route of gastroenteric reconstruction after PD in preventing DGE. This 
reconstruction can be created using an antecolic or retrocolic route. Both methods 
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are widely accepted and commonly used according to the surgeons’ preference. 
Two studies in particular (a non-randomized, retrospective study from Germany 
comparing two cohorts from different time periods and different hospitals, and a 
small randomized study from Japan) both suggest that an antecolic reconstruction 
leads to a lower incidence of DGE.7,8 Possible explanations for their findings are that 
an antecolic gastroenteric anastomosis is less prone to torsion or angulation, and that 
it is located further away from the pancreaticojejunostomy and hepaticojejunostomy.

In the Academic Medical Center, the gastroenteric reconstruction used to be routed 
retrocolically, although in a slightly different fashion compared with the above-
mentioned studies: the duodenal stump (or distal stomach) is brought down through 
and affixed to a separate opening in the transverse mesocolon, which ensures that the 
gastroenteric anastomosis is not positioned in the same abdominal compartment as 
the hepaticojejunostomy and pancreaticojejunostomy. 

Since the studies by Hartel et al. and Tani et al. were published, an antecolic route 
has been used with increasing frequency, with the stomach positioned anteriorly to 
the transverse colon.7,8 However, these retrospective or small studies do not provide 
conclusive evidence about the preferred route of gastroenteric reconstruction; a point 
of view that has been expressed by several authors.6,9 Furthermore, the increased use 
of an antecolic gastroenteric reconstruction seemed not to have led to a decreased 
incidence of clinically relevant DGE in the Academic Medical Center. The present 
study was performed to investigate the relation between route of gastroenteric 
reconstruction and incidence of DGE after PD.

METHODS

PATIENTS AND STUDY OUTLINE
In a consecutive series of PDs, performed from June 2005 to March 2009, the 

route of gastroenteric reconstruction was identified by reviewing operation reports. 
Clinicopathologic data and perioperative outcomes were prospectively recorded. As 
the present study involves a retrospective analysis of anonymized data, the regulations 
of the Dutch Ethical Review Board do not require informed consent.

Outcomes of patients with a retrocolic (n = 77, 50%) and antecolic (n = 77, 50%) 
gastroenteric reconstruction were compared. The primary outcome measure was 
the overall incidence of DGE according to the ISGPS definition.3 The incidence 
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of ‘primary’ DGE (DGE occurring in the absence of other intra-abdominal 
complications) was compared as well. Secondary outcome measures were other 
surgical complications, the need for (par)enteral nutritional support (as a result of 
any cause, including other complications and insufficient solid oral intake without 
DGE), hospital mortality and length of hospital stay. The other surgical complications 
included leakage of the pancreaticojejunostomy and hemorrhage (grade B or C 
according to the ISGPS definitions), hepaticojejunostomy leakage, wound infection, 
intra-abdominal abscess, and a rest category of ‘other surgical complications’.10,11

SURGICAL PROCEDURE
The standard surgical procedure was a pylorus-preserving PD. A classical 

Whipple’s resection was only performed on indication of tumour ingrowth in pylorus 
or proximal duodenum. In the case of limited tumour ingrowth in the portal or 
superior mesenteric vein, a segmental or wedge resection of the vessel was carried 
out.12 Reconstruction was performed using end-to-side pancreaticojejunostomy, end-
to-side hepaticojejunostomy and finally a duodeno- or gastrojejunostomy on the 
same jejunal limb, without Roux-en-Y reconstruction.

The retrocolic gastroenteric reconstruction was created as follows: the duodenal 
stump (or distal stomach) was brought down through a sufficiently wide, separate 
opening in the transverse mesocolon, at the left side of the middle colic artery and 
anastomozed to the jejunum with a running PDS 3-0 suture. The stomach was then 
affixed to the mesocolon to prevent herniation of the loop. This method ensures that 
the gastroenteric anastomosis is not positioned in the same abdominal compartment as 
the hepaticojejunostomy and pancreaticojejunostomy. In the antecolic reconstruction, 
the gastroenteric anastomosis was positioned anteriorly to the transverse colon, using 
the same suturing technique.

One silicone drain was left behind the hepatoduodenal ligament near the 
hepaticojejunostomy and pancreaticojejunostomy. Octreotide prophylaxis was 
only administered in patients with a soft pancreas or non-dilated pancreatic duct. 
A prophylactic feeding jejunostomy was only performed on indication of severe 
weight loss or malnutrition. In the case of insufficient oral intake (owing to any cause, 
including DGE, other complications and insufficient solid oral intake in the absence 
of DGE), nutritional support was provided by placement of a nasojejunal feeding 
tube (preferably) or via total parenteral nutrition.
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STATISTICAL ANALYSIS
Results are presented as mean ± standard deviation (SD) or median with an 

interquartile range (IQR), depending on the distribution of the data. Continuous 
variables were compared between the study groups with the independent samples t-test 
(for normally distributed data) or Mann-Whitney U-test (for abnormally distributed 
data). Categorical data were compared with the χ2 test. Since the study design allows 
for dissimilarities in baseline or operation characteristics between the two study 
groups to occur, we decided to test eventual differences in outcomes in multivariable 
logistic regression analysis, with adjustment for such eventual dissimilarities.

P-values below 0.05 were considered to indicate statistically significant effects. 
All analyses were performed in SPSS version 16.0 (SPSS Inc, Chicago, IL, USA).

RESULTS

PATIENT AND OPERATION CHARACTERISTICS
A flowchart of the study population is presented in Figure 1. In the study period, 

203 consecutive patients underwent a PD. In 47 (23%) patients, it was not possible 
to reliably establish the route of gastroenteric reconstruction, based on the operation 
report. These patients were excluded from further analysis, as well as two patients in 
whom a Roux-en-Y reconstruction was used. Patient characteristics of the antecolic 
and retrocolic groups are displayed in Table 2, while Table 3 summarizes the operation 
characteristics. There was a shift from mostly retrocolic reconstruction in the early 
years of the study period, to mostly antecolic reconstruction in the more recent years. 
This is clearly visualized in Figure 2.
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Figure 1. Flowchart of the study

Table 2. Baseline characteristics of patients undergoing PD with a retrocolic or antecolic 
gastroenteric reconstruction

Characteristic Retrocolic (n = 77) Antecolic (n = 77) P-value
Age (years), mean ± SD 64.3 ± 11.6 64.0 ± 9.3 0.851
Male gender – No. (%) 37 (48) 44 (57) 0.259
ASA classification – No. (%)
  I 7 (9) 18 (24) 0.030
  II 50 (65) 46 (61)
  III/IV 20 (26) 12 (16)
Comorbidity – No. (%)
  Cardiac 16 (21) 16 (21) 1.000
  Pulmonary 10 (13) 9 (12) 0.783
  Hypertension 21 (27) 15 (20) 0.253
  Diabetes mellitus 11 (14) 12 (16) 0.795
Underlying disease – No. (%)
  Pancreatic adenocarcinoma 30 (39) 33 (43) 0.603
  Ampullary adenocarcinoma 13 (17) 13 (17)
  Distal CBD adenocarcinoma 10 (13) 13 (17)
  Other (pre)malignant 12 (16) 9 (12)
  Chronic pancreatitis 8 (10) 3 (4)
  Other benign 4 (5) 6 (8)
PD, pancreatoduodenectomy; SD, standard deviation; ASA, American Society of Anesthesiologists; CBD, 
common bile duct
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Table 3. Treatment characteristics of patients undergoing PD with a retrocolic or antecolic 
gastroenteric reconstruction

Characteristic Retrocolic (n = 77) Antecolic (n = 77) P-value

Duration of operation (min.), mean ± SD 288 ± 76 320 ± 107 0.036

Pylorus preserved – No. (%) 75 (97) 68 (88) 0.029

Prophylactic octreotide – No. (%) 37 (48) 40 (52) 0.629

Year of operation – No. (%)

  2005 40 (52) 3 (4) <0.001

  2006 23 (30) 7 (9)

  2007 6 (8) 29 (38)

  2008 7 (9) 33 (43)

  2009 1 (1) 5 (7)

Operated in first half of study period – No. (%) 67 (87) 15 (20) <0.001
PD, pancreatoduodenectomy; SD, standard deviation

Figure 2. Bar chart displaying the number of included operations using antecolic and retrocolic 
reconstruction per year

PRIMARY AND SECONDARY OUTCOMES
  The incidence of overall and primary DGE, and their distribution in grades, 

are displayed in Table 4. The only difference that was found between the retrocolic 
and antecolic groups, namely the incidence of overall primary DGE, was tested in 
a multivariable logistic regression analysis, which was adjusted for the following 
dissimilarities in patient and operation characteristics of the two study groups: year 
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of operation, American Society of Anesthesiologists (ASA) class, preservation of the 
pylorus and duration of operation (Table 5). In this multivariable analysis, the route 
of gastroenteric reconstruction was not associated with the occurrence of primary 
DGE – neither was any of the other included variables.

Table 4. DGE and primary DGE after PD with retrocolic or antecolic gastroenteric reconstruction

Retrocolic (n = 77) Antecolic (n = 77) P-value

DGE
  DGE of any grade – No. (%) 45 (58) 40 (52) 0.418
  DGE, distribution in grades – No. (%)
    No DGE 32 (42) 37 (48) 0.873
    DGE Grade A 19 (25) 16 (21)
    DGE Grade B 13 (17) 12 (16)
    DGE Grade C 13 (17) 12 (16)
  DGE Grade B or C – No. (%) 26 (34) 24 (31) 0.731
Primary DGE
  Primary DGE of any grade – No. (%) 28 (36) 15 (20) 0.020
  Primary DGE, distribution in grades – No. (%)
    No primary DGE 49 (64) 62 (81) 0.125
    Primary DGE Grade A 14 (18) 7 (9)
    Primary DGE Grade B 9 (12) 6 (8)
    Primary DGE Grade C 5 (7) 2 (3)
  Primary DGE Grade B or C 14 (18) 8 (10) 0.167
PD, pancreatoduodenectomy; SD, standard deviation

Table 5. Multivariable logistic regression analysis determining risk factors for primary DGE of any 
grade

Variable  OR (95% CI)

Retrocolic route of gastroenteric reconstruction* 1.79 (0.64-4.99)
ASA-classification†
  ASA-class II 1.01 (0.34-2.97)
  ASA-class III / IV 1.10 (0.32-3.81)
Preservation of the pylorus 0.65 (0.15-2.91)
Duration of operation – half hour increase 0.90 (0.78-1.03)
Operated upon in first half of study period‡ 1.36 (0.48-3.84)
*Reference category: antecolic gastroenteric reconstruction.
†Reference category: ASA class I.
‡Reference category: operated upon in the second half of the study period.
OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists
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Finally, Table 6 displays the secondary outcome measures, which did not differ 
between the retrocolic and antecolic groups.

Table 6. Other outcomes after PD with retrocolic or antecolic gastroenteric reconstruction

Outcome Retrocolic
(n = 77)

Antecolic 
(n = 77)

P-value

Other surgical complications – No. (%)

  Pancreaticojejunostomy leakage 16 (21) 16 (21) 1.000

  Hepaticojejunostomy leakage 1 (1) 4 (5) 0.173

  Hemorrhage 2 (3) 6 (8) 0.146

  Wound infection 12 (16) 9 (12) 0.501

  Intra-abdominal abscess 2 (3) 1 (1) 0.560

  Other 7 (9) 7 (9) 1.000

Need for (par)enteral nutritional support – No. (%)* 29 (38) 22 (29) 0.231

Hospital mortality – No. (%) 2 (3) 4 (5) 0.405

Length of hospital sta (days) –median (IQR) 13 (16) 11 (8) 0.593

*Due to any cause (including DGE, other complications, and insufficient oral intake in the absence of DGE).
PD, pancreatoduodenectomy; IQR, interquartile range; DGE, delayed gastric emptying

DISCUSSION

Delayed gastric emptying is a frequent and bothersome complication after a PD. 
Some previous studies suggest that using an antecolic route for the gastroenteric 
reconstruction leads to a lower incidence of DGE, as compared to a retrocolic route, 
but the evidence is limited.6-9 Nevertheless, an antecolic gastroenteric reconstruction 
has been used more frequently in recent years in the Academic Medical Center. The 
present study was performed to investigate the association between the route of 
gastroenteric reconstruction after PD and the incidence of postoperative DGE. 

There was no difference between the two groups in incidence of DGE – neither in 
DGE of any grade according to the ISGPS definition, nor in clinically relevant DGE 
(grade B or C). In the retrocolic group, there was a higher incidence of primary DGE 
(occurring in absence of other intra-abdominal complications). This difference was 
not found when the analysis was adjusted for dissimilarities in baseline and operation 
characteristics. There were no differences in clinically relevant primary DGE, the 
need for nutritional support or other complications.
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Although this is a non-randomized study as well, these results suggest that there is 
no association between the route of gastroenteric reconstruction and the incidence of 
DGE, contrary to the findings by Hartel et al. and Tani et al.7,8 The higher incidence of 
primary DGE in the retrocolic group was not proven in multivariable analysis, which 
was adjusted for ASA class, pylorus preservation, duration of operation and year of 
operation. This difference in primary DGE was largely caused by a higher incidence 
of grade A DGE in the retrocolic group. Grade A DGE is already present when the 
nasogastric intubation lasts longer than 3 postoperative days, and has generally no 
impact on the clinical course. It may well be that the higher incidence of primary 
grade A DGE in the retrocolic group, with mostly patients from the early years of 
the study period, reflects a gradual change in postoperative management. With the 
emergence of enhanced recovery programmes in other types of surgery and the 
recognition of the harmful effects of unnecessary prolonged nasogastric intubation, 
such as the induction of pulmonary complications, there may have been a general 
tendency in more recent years towards earlier removal of the nasogastric tube in 
patients with an uncomplicated postoperative course.13,14 This reflects the more ‘Fast 
Track’ type recovery schemes at the wards in the Academic Medical Center.

The difference of the present results with the findings of earlier studies comparing 
antecolic with retrocolic gastroenteric reconstruction, may be a consequence of the 
technique that is used in the Academic Medical Center for the creation of a retrocolic 
gastroenteric reconstruction.7,8 By bringing the duodenal stump or distal stomach down 
through the transverse mesocolon and suturing it to the mesocolon, the gastroenteric 
anastomosis is situated in another compartment than the hepaticojejunostomy and 
pancreaticojejunostomy. Local inflammation around these anastomoses is therefore 
less likely to affect the gastroenteric anastomosis.15 Remarkably enough, Hartel 
et al. used exactly this theory to explain the lower DGE incidence after antecolic 
reconstruction: in the antecolic reconstruction, the gastroenteric anastomosis 
was located further away from the pancreaticojejunostomy than in the retrocolic 
reconstruction according to their technique.7 

Another theory that has been used to explain lower DGE incidences after antecolic 
reconstruction is more mechanical: a retrocolic reconstruction is believed to be more 
prone to torsion or angulation, causing DGE by mechanical obstruction.7,16 Probably, 
by suturing the duodenal stump or distal stomach to the mesocolon, the risk of torsion 
or angulation is minimized. 
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The present study is limited by the retrospective identification of the route of 
the gastroenteric reconstruction. Unfortunately in a substantial amount of patients, 
the operation report did not mention this route. One could speculate that this would 
be more often the case in the patients with a retrocolic reconstruction, as this used 
to be the standard procedure. However, the large number of included operations 
performed in 2005 (in which the retrocolic route was predominantly used) shows that 
this is not likely. In fact, the constant number of included operations per year gives 
us no reason to assume a large difference in the amount of antecolic and retrocolic 
anastomoses in the excluded patients. Another limitation is the non-randomized 
design of the study. Selection bias cannot be ruled out. This objection was met by the 
use of multivariable logistic regression, adjusted for the dissimilarities in baseline 
and treatment characteristics that had occurred as a result of this non-randomized 
design.

In spite of these shortcomings, the present study describes a large series of 
patients undergoing PD, with their hospital course prospectively recorded. The study 
uses a commonly accepted definition of DGE, according to the ISGPS criteria.3 The 
results provide findings which are in contrast with earlier studies on the route of 
gastroenteric reconstruction after PD. However, the present results are in line with 
a recently published randomized trial from India, in which Gangavatiker and co-
workers found no relation between the route of gastroenteric reconstruction and the 
incidence of DGE.17 However, this previous study also has its shortcomings: it is again 
a relatively small series, from just one center. Patients who had diabetes, preoperative 
gastric outlet obstruction or who were older than 70 years were excluded, and the 
proportion of patients undergoing a ‘classic’ Whipple’s resection was high (65%), 
in comparison with current Western series. Finally, analysis was not performed by 
intention to treat (deceased patients were excluded from further analysis) and DGE 
was diagnosed by means of the old John Hopkins criteria; the ISGPS criteria were 
retrospectively applied, but only to the patients who had DGE according to the John 
Hopkins criteria.5,17 

In conclusion, the results of the present study suggest that there is no association 
between the route of gastroenteric reconstruction in PD and DGE. Bearing in mind 
that previous literature on this subject is either retrospective or underpowered, or not 
flawlessly designed, it may well be that the only way to decide the debate which, if 
any, route of gastroenteric reconstruction is preferable in pancreatoduodenectomy, is 
by conducting a well-powered, randomized, controlled, multicenter trial.
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ABSTRACT

Objective: To investigate the relationship between the route of gastroenteric (GE) 
reconstruction after pancreatoduodenectomy (PD) and the postoperative incidence of 
delayed gastric emptying (DGE).

Background: DGE is one of the most common complications after PD. Recent 
studies suggest that an antecolic route of the GE reconstruction leads to a lower 
incidence of DGE, compared to a retrocolic route. In a nonrandomized comparison 
within our trial center, we found no difference in DGE after antecolic or retrocolic 
GE reconstruction.

Methods: Ten middle- to high-volume centers participated in the patient inclusion. 
Patients scheduled for PD who gave written informed consent were included and 
randomized during surgery after resection. Standard operation was a pylorus-
preserving PD. Primary endpoint was DGE. Secondary endpoints included other 
complications and length of hospital stay.

Results: There were 125 patients in the retrocolic group, and 121 patients in the 
antecolic group. Baseline and treatment characteristics did not differ between the 
study groups. In the retrocolic group, 45 patients (36%) developed clinically relevant 
DGE compared with 41 (34%) in the antecolic group (absolute risk difference: 2.1%, 
95% confidence interval: -9.8% to 14.0%). There were no differences in need for 
postoperative (par)enteral nutritional support, other complications, hospital mortality, 
and median length of hospital stay.

Conclusions: The route of GE reconstruction after PD does not influence the 
postoperative incidence of DGE or other complications. The etiology and treatment of 
DGE, which occurs frequently after both procedures, need further investigation. The 
GE reconstruction after PD should be routed according to the surgeon’s preference.
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INTRODUCTION

Pancreatic cancer is the fifth leading cause of cancer-related death in the Western 
world and is expected to be the fourth most frequent cause of death from cancer in 
the United States of America and Europe in 2012.1–4 Pancreatoduodenectomy (PD) is 
considered the standard surgical treatment and the only possibly curative treatment 
for pancreatic and other periampullary malignancies.5 In recent decades, operative 
mortality of the procedure has decreased to less than 5% in high-volume centers, but 
morbidity still remains high.6,7 One of the most common postoperative complications 
after PD is delayed gastric emptying (DGE). Incidences have been reported even up 
to 81% but usually vary between 15% and 40%.7–12

First described by Warshaw and Torchiana in the 1980s, DGE after PD implicates 
a situation of gastroparesis, which requires prolonged gastric drainage and delays 
return to solid food tolerance and may necessitate artificial nutritional support.13,14 
Nowadays, the most widely accepted definition is the consensus definition of the 
International Study Group of Pancreatic Surgery (ISGPS), based on the duration of 
postoperative (naso)gastric drainage and return to solid food.14

The etiology of DGE has been related to the presence of other intra-abdominal 
complications, such as leakage of the pancreatic anastomosis or formation of an 
abscess.9,15,16 The etiology of DGE in patients without surgical intra-abdominal 
complications remains largely unknown. Although it is not a lethal complication in 
itself, it is associated with significantly longer hospital stay and higher costs. DGE 
is difficult to treat: it is usually managed by nasogastric drainage, with or without 
prokinetics. Most studies on DGE after PD focus on prevention rather than treatment. 
In the prevention of DGE, prokinetic agents such as motilin and erythromycin have 
not convincingly shown to reduce its incidence.17–21 A 1993 randomized controlled 
trial (RCT) with 118 patients by Yeo et al. found no significant difference in DGE.21 
Several studies suggest that the route of gastroenteric reconstruction might be 
important in preventing DGE. This anastomosis, a gastrojejunostomy after a classic 
Whipple’s resection or a duodenojejunostomy after a pylorus-preserving PD, can be 
placed either anterior or posterior to the transverse colon. Earlier studies suggested 
that an antecolic route leads to lower incidences of DGE, as compared with a retrocolic 
route, especially in patients with postoperative pancreatic fistula.22-24 However, these 
studies were either nonrandomized or included a small number of patients. In 1 
RCT, the incidence of DGE was dramatically lower after an antecolic gastroenteric 
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anastomosis, but only 20 patients were included in each study arm.24 Furthermore, in 
a retrospective analysis of a series from the present study’s trial center, these results 
were not confirmed: we found no difference in incidence of DGE after antecolic or 
retrocolic reconstruction.8 Therefore, a well-powered RCT is the only way to clarify 
the ongoing discussion whether the route of gastroenteric reconstruction has any 
influence on the incidence of DGE and which route, if any, should be preferred.25,26 
Hence, we performed a multicenter RCT comparing an antecolic with a retrocolic 
gastroenteric reconstruction after PD.

METHODS

STUDY DESIGN
Patients were recruited in 10 hospitals spread across the Netherlands. All hospitals 

are middle- or high-volume centers and perform respectively more than 10 or 20 PDs 
per year. The Medical Ethics Committee at each study center approved the study 
protocol. Patients were enrolled by the local investigators at the outpatient clinic. 
We included patients of 18 years or older, who were scheduled to undergo PD and 
provided written informed consent. Patients who underwent other surgical procedures 
than PD, such as total pancreatectomy (TP) or a palliative biliary and gastroenteric 
anastomosis, were excluded. Intraoperatively, patients were randomly assigned to 
either a retrocolic or antecolic gastroenteric reconstruction. 

The local investigators and the trial coordinator (W.J.E./D.J.G.) collected all data, 
which were analyzed at the trial center. The trial was registered at the Dutch primary 
register for clinical trials, NTR (Netherlands Trial Register, under registration number 
NTR1697). This trial register is acknowledged by the World Health Organization and 
the International Committee of Medical Journal Editors.

RANDOMIZATION AND MASKING
Randomization took place intraoperatively at the coordinating trial center 

by computer, using blocked randomization with randomly selected block sizes, 
a maximum block size of 4, and an allocation ratio of 1:1. Randomization was 
stratified according to study center. Because of the nature of the intervention, treating 
physicians were not blinded for the treatment allocation.
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SURGICAL PROCEDURE
All patients received prophylactic antibiotics according to local practice before the 

incision. The standard surgical procedure was a pylorus-preserving PD as described 
previously.5 The proximal duodenum was divided 2 to 4 cm distal to the pylorus, after 
ligation of the right gastric artery. In case of suspected direct tumor growth into the 
pylorus or proximal duodenum, a classic Whipple’s resection was performed. In case 
of tumor ingrowth in the portal or superior mesenteric vein, a segmental or wedge 
resection was carried out.27 All lymph nodes on the right side of the portal vein and 
superior mesenteric artery were removed. Reconstruction was performed using end-
to-side pancreaticojejunostomy and end-to-side hepaticojejunostomy.

THE ANTE-/RETROCOLIC GASTROENTERIC ANASTOMOSIS
The gastroenteric reconstruction consisted of a duodenojejunostomy on the 

same jejunal limb as the pancreatic and biliary anastomoses, without Roux-en-Y 
reconstruction. 

The retrocolic gastroenteric reconstruction was created by bringing down the 
duodenal stump (or distal stomach) through a separate opening in the transverse 
mesocolon, at the left side of the middle colic artery. Then it was anastomosed end-
to-side to the jejunum with a running PDS (polydioxanone) suture. The stomach was 
fixed to the mesocolon, to prevent herniation of the loop, thereby ensuring that the 
gastroenteric anastomosis was not positioned in the same abdominal compartment as 
the pancreaticojejunostomy and hepaticojejunostomy. In the antecolic reconstruction, 
the anastomosis was positioned anterior to the transverse colon, using the same 
suturing technique. No adjunctive measures to enhance gastric emptying, such as 
pyloric stretching, were taken.

One silicone drain was placed, posterior to the pancreaticojejunostomy and 
hepaticojejunostomy. All patients received a nasogastric tube (NGT) for gastric 
drainage. Feeding jejunostomy or nasojejunal feeding tubes were only used for the 
indication of severe weight loss or malnutrition.28 Somatostatin analogues were 
administered for the indication of soft pancreatic tissue or a nondilated pancreatic 
duct. No prophylactic antiemetic or prokinetic agents, such as erythromycin, were 
administered.
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EVALUATION OF OUTCOMES
The primary outcome was the postoperative incidence of DGE, according to the 

ISGPS consensus definition, based on the necessity of prolonged gastric drainage 
and a delayed return to solid food intake.14 The NGT had to be removed before or on 
the third postoperative day (POD), or when daily output had fallen below 300 ml. 
Solid diet was started as soon as tolerated. DGE grade A was defined as nasogastric 
intubation lasting more than 3 PODs or the inability to tolerate a solid diet by POD 7. 
DGE grade B was defined as nasogastric intubation lasting for 8 to 14 days, the need 
for reinsertion of the NGT after 7 days, or the inability to tolerate a solid diet by POD 
14. DGE grade C was defined as nasogastric intubation lasting more than 14 days, the 
need for NGT reinsertion after 14 days, or the inability to tolerate a solid diet by POD 
21. Apart from the overall DGE incidence, the incidence of ‘primary’ DGE (DGE 
occurring in the absence of other intra-abdominal complications) was evaluated.

Secondary outcomes were morbidity, mortality, and length of hospital 
stay. Pancreatic fistula and hemorrhage were scored according to their ISGPS 
definitions.29,30 Bile leakage and chylous ascites were defined as described earlier.31,32 
Intra-abdominal abscess was defined as an intra-abdominal fluid collection with 
positive cultures identified by aspiration under ultrasonography or computed 
tomography. Wound infection was defined as infection of the wound requiring 
drainage. Nonsurgical complications that were evaluated included pneumonia, 
other pulmonary complications, myocardial infarction, other cardiac complications, 
urinary tract infections, and cerebrovascular accidents. Relaparotomies for any cause 
and hospital readmissions within 30 days of discharge were also recorded.

STATISTICAL ANALYSIS
The sample size was based on a prospective series of 626 PDs with a retrocolic 

gastroenteric reconstruction from the trial center, with an incidence of clinically 
significant DGE (grade B or C) of 31%, and an expected reduction to 13%, based 
on the incidence of DGE in a series of 132 PDs with an antecolic gastroenteric 
reconstruction, a similar percentage of classic PDs, and comparable criteria for DGE.23 
To demonstrate such a difference with a χ2 test with a power of 80% and a 2-sided α 
of 5%, a total of 83 patients per arm is necessary. Anticipating a dropout rate of 10%, 
we planned to enrol a total of 91 patients per arm. An interim analysis was performed 
after 50% of the patients were included to evaluate treatment effect, with a nominal 
significance (sequential 2-sided testing) of P < 0.01 as a stopping criterium, which 
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revealed that more patients than anticipated had received prophylactic tube feeding. 
Because the original sample size was based on a series without prophylactic tube 
feeding, we increased the sample size to 126 patients per arm, aiming at 91 patients 
in each arm without prophylactic tube feeding.

Results of continuous variables are presented as mean ± standard deviation or 
median with interquartile range, depending on their distribution. Categorical variables 
are presented as numbers with percentages. Approximately normally distributed 
continuous variables were compared using the independent samples t-test, while the 
Mann-Whitney U-test was used for nonnormally distributed continuous data. The χ2 
test was used for comparison of categorical data. For clinically relevant (grade B or 
C) DGE, we have included the absolute risk difference with 95% confidence interval.

Statistically significant effects were defined as 2-sided P-values < 0.05. All 
analyses were performed using SPSS version 18.0 (SPSS Inc, Chicago, IL).
 
 
RESULTS

PATIENT AND OPERATION CHARACTERISTICS
The figure displays the patient flowchart of the trial. Between 2009 and 2011, 

a total number of 353 patients gave their informed consent for this study. All 
patients underwent an explorative laparotomy. Of these, 101 patients were excluded 
before randomization because they did not undergo a PD; most of these patients 
were unresectable and received a biliary and gastroenteric bypass, other procedures 
included local bile duct resections or TP. A total of 252 patients were randomized, 
but 6 patients turned out to need a TP after randomization. These patients were 
immediately excluded from further analysis because they did not receive a 
pancreaticojejunostomy, which can influence the incidence of DGE. This resulted 
in 125 patients in the retrocolic group and 121 patients in the antecolic group. One 
patient who had undergone previous upper abdominal surgery, who was assigned to 
the antecolic group, received a retrocolic gastroenteric reconstruction, because of 
technical reasons. This patient was analyzed in the antecolic group.
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Figure 1. Patient flow chart 
PD, pancreatoduodenectomy; TP, total pancreatectomy

Baseline demographics, clinical and pathological characteristics of the 2 groups, 
are given in Table 1. Other treatment characteristics and cointerventions were similar 
between both groups (Table 2). In the retrocolic group, 19 patients underwent 
additional vascular procedures, such as segmental or wedge resection of the portal 
or superior mesenteric vein, compared to 13 patients in the antecolic group. Three 
patients in the retrocolic group underwent additional resectional procedures: 2 
partial nephrectomies and 1 splenectomy. In the antecolic group, 1 patient underwent 
additional resection of liver segment 7. A similar proportion of patients in each group 
(26% in the antecolic group vs 30% in the retrocolic group) received a nasojejunal 
feeding tube or feeding tube jejunostomy, and octreotide prophylaxis was equally 
administered in both groups (70% and 65%, respectively).
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Table 1. Demographic and clinical characteristics

Characteristic Retrocolic
(n = 125)

 
 

Antecolic
(n = 121)

Patient variables
  Age (years), mean ± SD 65.2 ± 10.3 65.4 ± 9.0
  Males – No. (%) 68 (54) 83 (69)
  ASA classification – No. (%)
    I 27 (22) 18 (15)
    II 81 (65) 89 (74)
    III 17 (14) 14 (12)
  Comorbidity – No. (%)
    History of diabetes mellitus 33 (26) 20 (17)
    History of cardiac disease 27 (22) 23 (19)
    History of hypertension 38 (30) 47 (39)
    History of pulmonary disease 19 (15) 18 (15)
  Previous abdominal surgery 51 (41) 42 (35)
  Body-mass index* 25.3 ± 4.2 24.6 ± 3.8
  Duration of symptoms (weeks), median (IQR) 11 (8-16) 11 (8-16)
  Weight loss (kg), median (IQR)† 7 (5-10) 8 (5-12)
  Karnofsky performance score – No. (%)
    ≥80 112 (90) 109 (90)
    <80 13 (10) 12 (10)
  Total serum bilirubin level (µmol/L), median (IQR)‡ 15 (9-30) 15 (9-37)
  Underwent PBD – No. (%) 85 (69) 84 (70)
Pathological variables§
  Diagnosis at pathology – No. (%)
    Pancreatic adenocarcinoma   61 (49) 41 (34)
    Ampullary adenocarcinoma   25 (20) 26 (21)
    Distal CBD adenocarcinoma   16 (13) 26 (21)
    Duodenal adenocarcinoma   7 (6) 3 (2)
    Other (pre-)malignant lesions 10 (8) 12 (10)
    Chronic pancreatitis 3  (2)  9  (7)
    Other benign lesions 3 (2) 4 (3)
*Body-mass index is the weight in kilograms divided by the square of the height in meters.
†Compared to reported weight one year earlier.
‡At time of operation; to convert values for bilirubin to milligrams per deciliter, multiply by 0.0584.
§Numbers and percentages shown obtained at pathological investigation (after resection).
SD, standard deviation; ASA, American Society of Anesthesiologists; IQR, interquartile range; PBD, 
preoperative biliary drainage; CBD, common bile duct
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Table 2. Other treatment characteristics and cointerventions

Characteristic Retrocolic
(n = 125)

 
 

Antecolic
(n = 121)

Treatment characteristics and co-interventions
  Pylorus preserved – No. (%) 105 (84) 93 (77)
  Vascular resection performed – No. (%) 19 (15) 13 (11)
  Additional resectional procedures – No. (%) 3 (2) 1 (1)
  Duration of operation (minutes), mean ± SD 289 ± 69 278 ± 76
  Intraoperative blood loss (mL), median (IQR) 760 (570-1300) 800 (550-1140)
  Intraoperative blood transfusion – No. (%) 16 (13) 14 (12)
  Intraoperative feeding tube – No. (%)
    None 93 (74) 85 (70)
    Nasojejunal feeding tube 21 (17) 24 (20)
    Feeding tube jejunostomy 11 (9) 12 (10)
  Octreotide prophylaxis – No. (%) 87 (70) 78 (65)
  Postoperative pain management – No. (%)
    Epidural 91 (73) 93 (77)
    Epidural followed by PCA* 23 (18) 21 (17)
    PCA 11 (9) 7 (6)
*With intravenous opioids. 
SD, standard deviation; IQR, interquartile range; PCA, patient-controlled anesthesia

DGE AND HOSPITAL STAY
The median day of first NGT removal was the third POD in both groups (Table 

3, P = 0.54). The percentage of patients who needed reinsertion of the NGT was 
not significantly different between both groups (P = 0.12). Median POD of solid 
food tolerance was day 7 in the retrocolic group and day 6 in the antecolic group; 
this difference was not statistically significant (P = 0.84). DGE of any grade was 
present in 149 patients in the entire study population (overall incidence 61%); 75 
patients (60%) in the retrocolic group and 74 (61%) in the antecolic group. Clinically 
significant DGE (grade B or C) occurred in 86 patients (overall incidence 35%); 45 
patients (36%) in the retrocolic group and 41 (34%) in the antecolic group, resulting 
in an absolute risk difference of 2.1% (95% confidence interval: -9.8% to 14.0%). 
Distribution among grades of DGE was not different (P = 0.89). In addition, the 
incidence of primary DGE (DGE occurring in the absence of other intra-abdominal 
complications) did not differ between the 2 study groups (P = 0.72). Supportive 
measures, such as tube feeding or parenteral nutrition, and the administration of 
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prokinetic or antiemetic agents, were necessary in a similar proportion of patients in 
each study group. Median POD of discharge was day 12 in both groups (P = 0.45).

The clinical relevance of DGE as an outcome measure was evident when 
comparing the length of hospital stay for all patients with no or grade A DGE (median 
length of stay: 10 days) with length of stay for patients with moderate or severe 
(grade B or C) DGE (median length of stay: 27 days, P for difference < 0.001).

Table 3. NGT management, delayed gastric emptying and length of hospital stay

Characteristic Retrocolic
(n = 125)

 
 

Antecolic
(n = 121)

P-value

NGT and solid food management

  POD of first NGT removal, median (IQR) 3 (2–4) 3 (2–4) 0.54

  NGT reinsertion needed – No. (%) 34 (28) 44 (37) 0.12

  POD of solid food tolerance, median (IQR) 7 (5–12) 6 (5–9) 0.84

DGE – No. (%)*

  No DGE 50 (40) 47 (39) 0.89

  Grade A 30 (24) 33 (27)

  Grade B 20 (16) 16 (13)

  Grade C 25 (20) 25 (21)

Primary DGE – No. (%)†

  No primary DGE 86 (69) 90 (74) 0.72

  Grade A 23 (18) 20 (17)

  Grade B 12 (10) 9 (7)

  Grade C 4 (3) 2 (2)

(Par)enteral nutritional support – No. (%)‡

  Tube feeding 23 (18) 19 (16) 0.95

  Parenteral nutrition 13 (10) 14 (12)

  Both 14 (11) 14 (12)

Prokinetic and antiemetic agents – No. (%)

  Received prokinetics or antiemetics 71 (57) 62 (51) 0.38

  Received erythromycin 32 (30) 24 (23) 0.23

 Length of hospital stay (days), median (IQR) 12 (9–20) 12 (9–22) 0.45
*According to the consensus definition by the International Study Group of Pancreatic Surgery.
†Primary DGE: DGE occurring in the absence of other intra-abdominal complications.
‡Administered on indication, this does not include ‘prophylactic’ (par)enteral nutritional support.
NGT, nasogastric tube; POD, postoperative day; IQR, interquartile range; DGE, delayed gastric emptying
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OTHER SECONDARY OUTCOMES
Secondary outcomes are summarized in Table 4. There were no differences 

between the study groups in regard to other surgical complications or nonsurgical 
complications. Overall hospital mortality in this multicenter study was 5% and did 
not differ between the study groups (P = 0.43). Relaparotomy and admission to an 
intensive care unit were necessary in equal proportions of patients of the 2 study 
groups. Hospital readmission within 30 days after discharge occurred in 10% of 
patients in the retrocolic group and 19% in the antecolic group (P = 0.06).

In patients with 1 or more intra-abdominal complications other than DGE, the 
incidence of clinically relevant DGE (grade B or C) was 67% (59 of 88 patients), 
compared to 17% (27 of 158 patients) in patients without other intra-abdominal 
complications (P < 0.001, not shown). The incidence of grade A DGE in these 2 
groups was not different: this occurred in 23% of patients without other intra-
abdominal complications, compared with 27% of patients with other intra-abdominal 
complications.

Table 4. Other secondary outcomes

Characteristic Retrocolic
(n = 125)

Antecolic
(n = 121)

P-value

Surgical complications – No. (%)

  Postoperative pancreatic fistula*

    Grade A 7 (6) 8 (7) 0.90

    Grade B 12 (10) 12 (10)

    Grade C 10 (8) 7 (6)

  Postpancreatectomy hemorrhage†

    Grade A 1 (1) 1 (1) 0.08

    Grade B 3 (2) 5 (4)

    Grade C 9 (7) 1 (1)

  Biliary leakage 6 (5) 3 (3) 0.34

  Intra-abdominal abscess 14 (11) 12 (10) 0.76

  Chylous ascites 23 (18) 19 (16) 0.57

  Wound infection 35 (28) 29 (24) 0.50

Nonsurgical complications – No. (%)

  Pneumonia 8 (6) 15 (12) 0.11

  Other pulmonary complications 6 (5) 7 (6) 0.72

  Myocardial infarction 1 (1) 1 (1) 0.98
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  Other cardiac complications 10 (8) 8 (7) 0.69

  Urinary tract infection 11 (9) 6 (5) 0.24

  Cerebrovascular accident 2 (2) 0 (0) 0.16

  Other 27 (22) 36 (30) 0.13

Repeated laparotomy – No. (%) 14 (11) 9 (7) 0.31

Admission to ICU – No. (%) 21 (17) 21 (17) 0.91

Hospital mortality – No. (%) 8 (6) 5 (4) 0.43

Hospital readmission – No. (%)‡ 13 (10) 23 (19) 0.06

*According to the consensus definition by the International Study Group of Pancreatic Fistula.
†According to the consensus definition by the International Study Group of Pancreatic Surgery.
‡Within 30 days of discharge.
ICU, intensive care unit

DISCUSSION

In this multicenter RCT, we found no lower incidence of DGE after PD with 
an antecolic gastroenteric reconstruction compared with a retrocolic reconstruction. 
Secondary outcomes including hospital stay, other complications, and mortality were 
also not found to be different in both groups.

In contrast with the series published by Hartel et al. and the relatively small 
randomized trial of Tani et al. (n = 40), we found no difference in incidence of DGE 
between the retrocolic and antecolic groups in favor of the antecolic gastroenteric 
reconstruction.22,24 However, the current results are in line with the retrospective 
analysis that was performed in the trial center.8 In accordance with the aforementioned 
studies, we found no difference in other complications.

A possible explanation for the discrepancy of our findings with these previous 
studies is the technique of retrocolic reconstruction that was used in this trial. In 
accordance with the retrocolic reconstruction of the trial center, the duodenal stump 
or distal stomach was brought down through a separate opening in the transverse 
mesocolon and fixed to the mesocolon with sutures. This ensures that the gastroenteric 
anastomosis is located in another compartment than the other 2 crucial anastomoses, 
that is, the hepaticojejunostomy and the pancreaticojejunostomy. In case of 
minimal leakage around the pancreatic or biliary anastomoses, the associated local 
inflammation is less likely to affect the gastroenteric anastomosis.33 Furthermore, 
by suturing the duodenum or distal stomach to the transverse mesocolon, the risk 
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of torsion or angulation – believed to cause DGE after retrocolic gastroenteric 
reconstruction by mechanical obstruction – may be diminished.22,23 Finally, it should 
be noted that the aforementioned studies were either nonrandomized or included 
only a small number of patients, which could also be a contributing factor to the 
discrepancy with our results.

Our findings are in line with a recent study from India, comparing antecolic with 
retrocolic gastroenteric reconstruction after PD.34 This single-center trial included 
a relatively small number of patients (n = 72), and mainly Whipple’s resections – 
including distal gastrectomy – were performed. They excluded patients who died 
during their postoperative course and the ISGPS criteria were only retrospectively 
applied, to those patients who had DGE according to the John Hopkins criteria – this 
does not include patients with, for example, grade A or mild grade B DGE.21 The 
current trial is the first to include a large number of patients in a multicenter design, 
and it reflects the Western approach, where the pylorus-preserving PD generally is 
the standard operation. An internationally validated and accepted definition of DGE 
was used.9,14,15 In addition to the overall incidence of DGE, we also analyzed the 
incidence of ‘primary’ DGE, occurring in the absence of other intra-abdominal 
complications. We believe that it is important to make this distinction: other intra-
abdominal complications remain the most important risk factor for DGE.9,15,35 We 
found that even for primary DGE, the route of gastroenteric reconstruction was not 
of any influence.

The overall incidence of DGE of any grade in the entire study population was 
61%. Clinically relevant DGE was present in 35% of patients. These findings are 
comparable to previous studies from the trial center, and are in line with incidences 
reported by others, although relatively high.7-9,15,16,36,37 This may perhaps be attributed 
to the strict prospective application of the ISGPS criteria. Wente et al. state that any 
nasogastric intubation lasting more than 3 PODs should be considered as DGE, 
regardless of output of the NGT, and regardless of the underlying mechanisms 
that necessitate nasogastric decompression. Some studies relate their DGE grading 
to a certain output of the NGT or do not record grade A DGE because this is not 
clinically relevant.24,38 A conservative approach toward NGT removal may be 
another explanation. Although some authors even suggest that routine nasogastric 
drainage is unnecessary, many surgeons still fear the risk of aspiration and pulmonary 
complications in case of gastroparesis without nasogastric drainage.39 In the light 
of the current study’s incidence of DGE, recommendations such as proposed by 
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the Enhanced Recovery After Surgery Society should be explored in trials, and 
be introduced more commonly.40 It might be that the routine use of an NGT has 
paradoxically contributed to a higher incidence of (grade A) DGE. On the contrary, 
one can debate whether nasogastric drainage beyond the third POD, but discontinued 
before the seventh POD (grade A DGE) should be regarded as a complication. This 
notion is corroborated by the present study, in which grade A DGE had limited impact 
on other outcomes and length of hospital stay. The multicenter aspect of the study 
may also have had an impact on the incidence of DGE. Finally, one might argue that 
the rather high rate of prophylactic octreotide use, in approximately two thirds of 
patients in both groups, may have influenced the incidence of DGE. However, this is 
speculative, because most RCTs on octreotide prophylaxis in PD report no influence 
of octreotide on DGE.41–45

Complication rates, including an overall incidence of clinically relevant pancreatic 
fistulas (grade B or C according to the ISGPF criteria) of 17%, were in accordance 
with postoperative outcomes reported by others.29,46–49 Overall hospital mortality was 
5%, which is at the higher range in comparison with high-volume centers.47,50 This 
study was performed in a multicenter setting, including medium-volume hospitals 
(10-20 pancreatic resections per year), and this mortality rate is a proper reflection of 
a nationwide analysis of mortality in the Netherlands, where centralization is still an 
ongoing process.51 The mortality rate is also not different from a recent overview of 
comparable studies in the United States of America.52 

The rate of hospital readmissions within 30 days after discharge is in line with a 
recent large multi-institutional series on readmissions after PD.53 There were more 
hospital readmissions in the antecolic group, but this unexpected difference failed 
to reach statistical significance and care should be taken not to overinterpret this 
finding. The absolute number of readmissions is too small to result in any significant 
difference in primary or secondary outcomes.

The strength of the current study lies in its multicenter, randomized design. This 
design also allows for a limiting factor: there were some differences in the intra- and 
postoperative protocol that was employed, regarding, for example, the administration 
of octreotide prophylaxis and tube feeding. These differences, however, were equally 
distributed among the antecolic and retrocolic groups and reflect the reality of a 
multicenter approach, with small differences in practices and habits among centers. 
Furthermore, randomization was stratified according to study center.
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We believe that the current study winds up the ongoing discussion about the 
route of the gastroenteric anastomosis after PD. The underlying mechanisms of 
DGE, however, especially in the absence of other intra-abdominal complications, 
warrant further investigation. In the prevention of DGE, focus should shift toward 
these underlying mechanisms, preferably in a multidisciplinary approach including 
gastroenterological motility studies. We look forward to the results of the trial on 
pylorus resection versus preservation, of which the study protocol was recently 
published by Hackert et al.54 However, it may well be that currently there are no 
further surgical options within the acceptance of the PD procedure and newly 
developed medical treatment might be the next step.

DGE remains an important and troublesome complication after PD, occurring in a 
clinically relevant form in 35% of patients included in the present study. Its causative 
factors remain largely unknown, and treatment is difficult. Although some studies 
suggest a role for the gastroenteric reconstruction in the prevention of DGE, the current 
results clearly show in a well-powered, multicenter, randomized fashion that the route 
of gastroenteric reconstruction after PD is not related to the postoperative incidence 
of DGE, and that this route has no impact on the prevention of DGE. Unfortunately, 
it is therefore unlikely that this clinical problem is resolved by such a straightforward 
surgical solution. The high incidence of clinically relevant DGE in patients with other 
intra-abdominal complications suggest that the prevention of such complications is 
an important principle in reducing the incidence of DGE. Nevertheless, the etiology, 
prevention and treatment of DGE warrant further multidisciplinary investigation. We 
recommend that the gastroenteric reconstruction after PD should be routed according 
to the surgeon’s preference.
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ABSTRACT 

Background: Delayed gastric emptying (DGE) is still a major problem after 
pancreatoduodenectomy. A retrocolic and antecolic gastroenteric reconstruction 
after resection were recently reported to be equivalent with regard to DGE and other 
clinical outcomes. The aims are to compare gastric emptying rate at scintigraphy and 
quality of life in patients who underwent pancreatoduodenectomy with retrocolic 
versus antecolic gastroenteric reconstruction, and to examine the impact of DGE on 
quality of life. 

Methods: Results were obtained in patients who participated in a randomized 
controlled trial comparing retrocolic and antecolic gastroenteric reconstruction 
in pancreatoduodenectomy at the initiating trial center. Gastric emptying rate was 
assessed by scintigraphy preoperatively and one week postoperatively. Quality of life 
was measured preoperatively and three times postoperatively using the EuroQoL 5D 
questionnaire (EQ-5D), the European Organization for Research and Treatment of 
Cancer (EORTC) Core Quality of Life Questionnaire (QLQ-C30) with its pancreatic 
cancer module (PAN26), and the Gastrointestinal Quality of Life Index (GIQLI).

Results: 38 patients were allocated to the retrocolic group, and 35 to the antecolic 
group. Baseline characteristics, DGE and other clinical outcomes did not differ 
between the study groups. Median half emptying time was 145 minutes in the 
retrocolic group, versus 64 minutes in the antecolic group (not significant [NS]). 
Median percentage of residual activity after 2 hours in these groups was 64% and 
28%, respectively (NS). 12 patients (52%) in the retrocolic group, versus 7 (35%) 
in the antecolic group had delayed emptying according to scintigraphy criteria (NS). 
Quality of life did not differ at any time point between the retrocolic and antecolic 
groups. In both groups, there was a decline two weeks postoperatively, that was 
restored to preoperative levels after twelve weeks. Two weeks postoperatively, 
patients with DGE had significantly worse outcomes than patients without DGE on 
two EQ-5D domains, ten QLQ-C30/PAN26 subscales, and two GIQLI subscales and 
total score. Effect sizes were moderate to large.

Conclusions: In pancreatoduodenectomy, the route of the gastroenteric anastomosis 
does not influence the incidence of delayed gastric emptying at scintigraphy nor the 
quality of life. The negative impact of DGE on early postoperative quality of life is 
clinically significant.
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INTRODUCTION

Delayed gastric emptying (DGE) is one of the most prevalent complications after 
pancreatoduodenectomy.1-3 Except for an evident association with intra-abdominal 
complications, its etiology remains mostly unknown. Numerous studies have been 
carried out to elucidate the etiology, focusing on various surgical and perioperative 
issues such as pylorus preservation, use of prokinetics, and different methods of 
reconstruction.4-7 Some studies suggested an association with the route of gastroenteric 
reconstruction: an antecolic anastomosis would reduce the incidence as compared 
with a retrocolic anastomosis.8,9 In a recent multicenter randomized controlled trial 
we showed that the route of gastroenteric reconstruction does not influence the 
incidence of DGE or other complications.10 In this trial, DGE was scored according 
to the criteria of the International Study Group of Pancreatic Surgery (ISGPS), 
based on duration of nasogastric drainage and solid food tolerance.11 However, some 
authors argue that for the diagnosis of DGE, an objective test such as a radiographic 
contrast study is needed.12,13 Recently we showed that gastric emptying scintigraphy 
can validly assess gastric emptying rate in post-pancreatoduodenectomy patients.14

Apart from the burden on length of hospital stay and associated costs, DGE is 
claimed to have a profound impact on the patients’ quality of life. Since pancreatic or 
periampullary adenocarcinoma, the main indication for pancreatoduodenectomy, has 
a poor prognosis, patient-reported outcomes in the early postoperative period are of 
great importance. To our knowledge, the impact of DGE on quality of life has never 
been investigated.

There are several disease-specific instruments that have been designed to assess 
quality of life in pancreatic cancer patients. The most commonly used instrument 
is the European Organization for Research and Treatment of Cancer (EORTC) 
Core Quality of Life Questionnaire (QLQ-C30) with its pancreatic cancer module 
(PAN26).15,16 Another disease-specific instrument that has been validated for patients 
with periampullary malignancies, is the Gastrointestinal Quality of Life Index (GIQLI) 
questionnaire.17,18 Previous studies on quality of life after pancreatoduodenectomy 
showed a decrease in quality of life in the early postoperative period, with a return to 
preoperative levels after approximately three months.19,20

The aims of the current study are to compare gastric emptying rate at scintigraphy 
and quality of life in patients undergoing pancreatoduodenectomy with retrocolic 
versus antecolic gastroenteric reconstruction, and to examine the impact of DGE on 
quality of life.
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METHODS

PATIENTS AND STUDY OUTLINE
Data were obtained from patients who participated in a multi-center randomized 

controlled trial comparing pancreatoduodenectomy with retrocolic versus antecolic 
gastroenteric anastomosis (Netherlands Trial Register NTR1697).10 For the present 
study, patients were recruited at the initiating trial center, a high-volume, tertiary 
referral center for pancreatic surgery. The local Medical Ethics Committee approved 
the study protocol. The trial protocol and results have been published in detail before; 
here the main aspects of the study design will be summarized.10

Eligible patients were scheduled for pancreatoduodenectomy, eighteen years or 
older and provided written informed consent. Intraoperatively, patients were randomly 
assigned to a retrocolic or antecolic gastroenteric reconstruction. Randomization was 
carried out by computer and was stratified according to participating center.

The standard operation was a pylorus-preserving pancreatoduodenectomy (PPPD) 
as described earlier.21 On indication, a classic Whipple’s resection was performed. 
Patients undergoing other resectional procedures or palliative operations were not 
included. A nasogastric tube was left in situ and removed within three days or when 
output had fallen to below 300 mL per day. No prophylactic anti-emetic or prokinetic 
drugs were administered. Main outcome parameter was delayed gastric emptying 
according to the ISGPS-criteria.11

For the present study, all participating patients were requested to undergo gastric 
emptying scintigraphy before the operation and one week postoperatively and to 
complete quality of life questionnaires before operation, and two, four, and twelve 
weeks postoperatively. After discharge from hospital, questionnaires were sent to the 
patients’ home address accompanied by a self-addressed return envelope.

The same clinical outcomes were analyzed as in the original trial.10 Morbidity is 
represented here by use of the Dindo-Clavien classification of surgical complications.22

GASTRIC EMPTYING SCINTIGRAPHY
Solid-phase gastric emptying rate was assessed by scintigraphy on the day before 

operation and on postoperative day 7, after fasting at least four hours. The test meal was 
a small pancake of 75 grams, labelled with 10 MBq technetium-99m (99mTc) colloid, 
containing 576 kJ (137 kcal), composed of 70% carbohydrates, 14% protein and 16% 
fat. After ingestion of this pancake with a glass of water, imaging was performed 
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using a dual head gamma camera (GE Infinia, GE Healthcare). Immediately after 
ingestion of the test meal, and from then on every fifteen minutes until two hours 
postprandially, one-minute anterior and posterior images were obtained. Images were 
analyzed using a Hermes processing station (Hermes Medical Solutions). Recently, 
we showed that this method of scintigraphy is feasible after pancreatoduodenectomy; 
in this study, results were strongly correlated to clinical DGE outcomes.14

After gastric emptying scintigraphy, the lag time (time before gastric emptying 
starts), the time in minutes needed to empty half of the stomach content (t½), and the 
percentage of radioactivity in the stomach two hours after ingestion of the test meal 
(%RA120) were calculated and compared between the retrocolic and antecolic study 
groups.

HEALTH-RELATED QUALITY OF LIFE
Generic quality of life was measured with the EuroQoL 5D (EQ-5D), a well-

validated questionnaire covering five dimensions: mobility, selfcare, activity, pain 
and anxiety.23 For each dimension, patients report whether they experience no, some, 
or extreme problems. Furthermore the respondent’s self-rated health state is recorded 
on a vertical visual analogue scale (VAS), of which the endpoints are labelled as 
worst (0) and best (100) imaginable health state.

Cancer-specific quality of life was measured with the EORTC QLQ-C30, which 
consists of 30 items that are combined to form five functional scales (physical, 
emotional, cognitive, social and role functioning), three symptom scales (fatigue, pain, 
nausea/vomiting) and six individual symptom items (dyspnoea, insomnia, appetite 
loss, constipation, diarrhoea, and financial difficulties), and one scale expressing 
global health status.15 We also administered the disease-specific, 26-item PAN26 that 
includes five symptom scales (pancreatic pain, digestive symptoms, altered bowel 
habit, hepatic symptoms, and body image), one functioning scale (sexual functioning) 
and a scale assessing satisfaction with health care.16 All QLQ-C30 and PAN26 scales 
and individual items are expressed on a scale from 0 to 100, with higher scores 
indicating better functioning (functioning scales), better satisfaction and higher 
global health status, or more symptoms (symptom scales and items). Transformation 
from the raw scores to 0-100 scales and the handling of missing data were performed 
according to the EORTC scoring manual.24

The GIQLI is a quality of life measure specifically designed for patients with 
gastrointestinal disorders.17 It consists of 36 items which are scored from 0 to 4, adding 
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up to a total score ranging from 0 (worst quality of life) to 144 (best quality of life). In 
a previous study we validated the GIQLI for patients with periampullary carcinoma, 
and four subscales were compiled, measuring physical well-being (possible score 
ranging from 0 to 40), digestive symptoms (0 – 40), defecation (0 – 24) and mental 
well-being (0 – 20).18 

 
STATISTICAL ANALYSIS

The sample size of the original study was based on an expected reduction in the 
incidence of clinically relevant DGE of 18%. The present study is exploratory in 
intent as it was not powered to detect differences between the study groups in gastric 
emptying rate at scintigraphy or health-related quality of life outcomes. 

Health-related quality of life outcomes were compared between the retrocolic and 
antecolic study groups, and between patients with and without DGE. We tested the 
following potential influencing factors for their association with non-response: age, 
sex (pre- and postoperatively), treatment allocation, morbidity, length of hospital stay 
(only postoperatively) and adjuvant therapy (at twelve weeks postoperatively), with 
a threshold P-value of 0.10. All quality of life outcomes were corrected for multiple 
testing according to Benjamini and Hochberg, a method of weighted adjustment, with 
the most strict corrections for the smallest P-values.25

Continuous data from the gastric emptying scintigraphy were reported as median 
with interquartile range and compared with the Mann-Whitney U-test. Continuous 
quality of life data are reported as mean with standard deviation (SD) and compared 
with the independent samples t-test. To compare the relative magnitude of the effects, 
Cohen’s d effect sizes were calculated, with 0.3 indicating a small, 0.5 a moderate, 
and 0.8 a large effect size.26 Values higher than 0.50 can be considered clinically 
significant.27,28 Categorical data are presented as numbers with percentages, and 
compared with the χ2 test.

Statistically significant effects are indicated by two-sided P-values < 0.05. 
Analyses were performed in SPSS version 18.0 (SPSS Inc, Chicago, IL, USA).
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RESULTS
 

BASELINE CHARACTERISTICS AND CLINICAL OUTCOMES
At the trial center, 73 patients were included, of whom 38 were assigned to a 

retrocolic gastroenteric anastomosis (retrocolic group), and 35 to an antecolic 
anastomosis (antecolic group). One patient in the antecolic group received a retrocolic 
anastomosis due to technical reasons; according to the intention-to-treat principle, 
this patient was analyzed in the antecolic group. Six patients in the retrocolic group 
and 2 patients in the antecolic group did not consent to gastric emptying scintigraphy, 
resulting in 32 (retrocolic) and 33 (antecolic) patients available for gastric emptying 
rate assessment.

Table 1. Demographic and clinical characteristics 

Characteristic Retrocolic
(n = 38)

 
 

Antecolic
(n = 35)

Patient variables
  Age (years), mean ± SD 62.6 ± 11.0 66.0 ± 7.9
  Males ― No. (%) 17 (45) 24 (69)
  ASA classification ― No. (%)
    I 10 (26) 4 (11)
    II 23 (61) 24 (69)
    III 5 (13) 7 (20)
  Body-mass index, mean ± SD* 25.3 ± 4.2 24.9 ± 3.8
  Duration of symptoms (weeks), median (IQR) 12 (11) 11 (7)
  Weight loss (kg), median (IQR)†    8 (6) 8 (9.3)
  Karnofsky performance score ― No. (%)
    ≥80 36 (95) 31 (89)
    <80 2 (5) 4 (11)
  Underwent PBD ― No. (%) 25 (68) 24 (69)
Pathological variables‡
  Diagnosis at pathology ― No. (%)
    Adenocarcinoma  33 (87) 28 (80)
    Other (pre-)malignant lesions 4 (11) 4 (11)
    Chronic pancreatitis or other benign lesions 1  (3)  3  (9)

*Body-mass index is the weight in kilograms divided by the square of the height in meters.
†Compared to reported weight one year earlier.
‡Numbers and percentages shown obtained at pathological investigation (after resection).
SD, standard deviation; ASA, American Society of Anesthesiologists; IQR, interquartile range; PBD, 
preoperative biliary drainage
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Baseline and treatment characteristics were not statistically significantly different 
between the two treatment groups (Table 1), except for a slightly higher mean age 
and more males in the antecolic group. 

Table 2 displays treatment characteristics and clinical outcomes. There were no 
differences between the retrocolic and antecolic groups in treatment characteristics 
such as pylorus preservation, prophylactic tube feeding and octreotide. Just as in the 
original multi-center trial, the incidence of overall and primary clinically relevant 
DGE (grade B or C according to the ISGPS) did not differ between the retrocolic and 
antecolic groups. Nutritional support was indicated in an equal proportion of patients. 
Distribution of morbidity arranged in Dindo-Clavien grades 0/I, II, and ≥ III was 
comparable between the study groups. 

Table 2. Treatment characteristics, DGE and other clinical outcomes

Characteristic Retrocolic
(n = 38)

 
 

Antecolic
(n = 35)

P-value

Treatment characteristics

  Pylorus preserved ― No. (%) 34 (90) 29 (83) 0.41

  Feeding tube jejunostomy ― No. (%) - 3 (9) 0.07

  Octreotide prophylaxis ― No. (%) 20 (53) 17 (49) 0.73

DGE and other clinical outcomes

  Clinically relevant DGE ― No. (%)* 13 (34) 14 (40) 0.61

  Primary clinically relevant DGE ― No. (%)† 7 (18) 3 (9) 0.22

  (Par)enteral nutritional support ― No. (%)

    None 23 (61) 21 (60) 0.64

    Tube feeding 8 (21) 5 (14)

    Parenteral nutrition 3 (8) 2 (6)

    Tube feeding and parenteral nutrition 4 (11) 7 (20)

  Dindo-Clavien grading system ― No. (%)

    No complication or grade I 16 (42) 12 (34) 0.12

    Grade II 15 (40) 9 (26)

    Grade III or higher 7 (18) 14 (40)

Hospital mortality ― No. (%) - 1 (3) 0.29

Length of hospital stay (days), median (IQR) 11 (9) 13 (16) 0.28

*Grade B or C according to the consensus definition by the International Study Group of Pancreatic Surgery.
†Primary DGE: DGE occurring in the absence of other intra-abdominal complications.
DGE, delayed gastric emptying; IQR, interquartile range
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One patient died in-hospital in the antecolic group. Median length of hospital 
stay was 11 days in the retrocolic group, versus 13 days in the antecolic group (not 
statistically significant).

GASTRIC EMPTYING SCINTIGRAPHY
As displayed in Table 3, approximately one third of patients did not undergo the 

preoperative scan due to logistical reasons. This was mainly due to difficulties with 
planning; since occupation of the scintigraphy equipment could interfere with regular 
patient care, scintigraphy had to be planned well in advance, which was sometimes 
not feasible when operation schedules were not known yet. On postoperative day 
7 planning was easier; the main reason for missing postoperative gastric emptying 
scintigraphy was a complicated postoperative course (in 3 patients in the retrocolic 
group, and 9 in the antecolic group).

Table 3. Gastric emptying scintigraphy results

Retrocolic
(n = 32)

Antecolic
(n = 33)

P-value

Underwent preoperative scan – No. (%) 20 (63) 22 (67) 0.73

  Reason for missing preoperative scan

    Logistic reasons 12 (38) 10 (30) 0.53

    Severe GOO - 1 (3)

Underwent postoperative scan – No. (%) 23 (72) 20 (61) 0.34

  Reason for missing postoperative scan  

    Due to postoperative course 3 (9) 9 (27) 0.23

    Logistic reasons 5 (16) 4 (12)

    Discharge before scan was scheduled 1 (3) -

Underwent pre- and postop. scan – No. (%) 14 (44) 16 (49) 0.70

Postoperative gastric emptying scan results*

  Lag time (minutes), median (IQR) 66 (159) 22 (99) 0.14

  t½ (minutes), median (IQR) 145 (300) 64 (287) 0.19

  RA%120, median (IQR) 64 (75) 28 (83) 0.21

  RA%120 higher than 60% – No. (%) 12 (52) 7 (35) 0.26

*In all patients who underwent postoperative gastric emptying scintigraphy.
GOO, gastric outlet obstruction; IQR, interquartile range; t½, half-emptying time; RA%120, residual 
percentage of radioactivity in the stomach after two hours
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In the retrocolic group, 23 patients (72%) underwent postoperative gastric emptying 
scintigraphy, of whom 14 also had undergone the preoperative scan, thus completing 
both scans. In the antecolic group, 20 patients (61%) underwent the postoperative 
scan, of whom 16 (49%) had undergone preoperative scanning and thus completed 
both scans. Since all preoperative scan results were within normal range and did 
not differ between the two study groups, we do not elaborate on these baseline 
measurements, and we included all patients who underwent postoperative scanning 
in the analysis.

Postoperatively, median lag time was faster in the antecolic group (22 versus 66 
minutes), as was half-emptying time (64 versus 145 minutes). Median percentage of 
residual activity was also lower in the antecolic group (28% versus 64%). None of 
these findings reached statistical significance.

In the antecolic group, 7 patients (35%) had > 60% residual activity after two 
hours, which is considered to be a threshold for delayed gastric emptying rate, as 
compared to 12 (52%) in the retrocolic group (not statistically significant).29

Table 4. Association between clinically relevant DGE and delayed emptying at scintigraphy in all 
patients who underwent postoperative gastric emptying scintigraphy

No delayed emptying at 
GES (n = 24)

 
 

Delayed emptying at 
GES* (n = 19) 

No clinically relevant DGE (n = 31)† 21 (88%) 10 (53%)
Clinically relevant DGE (n = 12) 3 (13%) 9 (47%)

*Defined as %RA120 > 60.
†Defined as DGE grade B or C according to the International Study Group of Pancreatic Surgery criteria.
GES, gastric emptying scintigraphy; DGE, delayed gastric emptying; %RA120, residual percentage of 
radioactivity in the stomach after two hours

Table 4 displays the association between scintigraphy results and clinical grade 
of DGE, in all patients (from both study groups). Of the 19 patients with delayed 
emptying at scintigraphy (defined as %RA120 ≥ 60), 9 had clinically relevant DGE. 
Conversely, of the 24 patients who did not have delayed emptying at scintigraphy, only 
3 (13%) developed clinically relevant DGE, all due to intra-abdominal complications 
which developed later on.
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HEALTH-RELATED QUALITY OF LIFE
Overall response rate for the health-related quality of life questionnaires was 

88%. None of the aforementioned potential covariates (age, sex, treatment allocation, 
DGE, morbidity, length of hospital stay, and adjuvant therapy) were associated with 
non-response; thus, non-response was considered at random.

There were no statistically significant differences between the retrocolic and 
antecolic groups at any of the given time points, in any of the quality of life outcomes 
(data not shown). In the entire group (retrocolic and antecolic) there was a significant 
decline in quality of life two and four weeks after operation, as compared to baseline. 
This decline was seen on all quality of life outcomes. Twelve weeks postoperatively, 
quality of life returned to preoperative levels. Figure 1 illustrates this course in time 
for the two groups on the GIQLI total score, the EQ-5D VAS (health state), the 
QLQ-C30 global health status and the PAN26 digestive symptoms scale.

When comparing patients with and without DGE, a significant difference was 
found two weeks postoperatively on two domains of the EQ-5D (mobility and 
selfcare), ten domains of the QLQ-C30/PAN26 (global health status, physical 
functioning, role functioning, cognitive functioning, fatigue, nausea and vomiting, 
dyspnoea, digestive symptoms, hepatic symptoms, and satisfaction with health care), 
and two domains of the GIQLI (physical and mental well-being) and the GIQLI total 
score (Table 5). These outcomes were all better in patients without DGE, except for 
satisfaction with health care, which was higher in patients with DGE. Associated 
effect sizes, indicated by Cohen’s d, were moderate or large (range from 0.59 to 1.11). 
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Figure 1a. GIQLI total score – Retrocolic versus Antecolic 

Figure 1b. EQ-5D self-reported health state – Retrocolic versus Antecolic
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Figure 1c. QLQ-C30 global health status – Retrocolic versus Antecolic

Figure 1d. QLQ-C30 digestive symptoms – Retrocolic versus Antecolic

Figure legend: 1a, 1b, 1c: higher score means better quality of life. 1d: higher score means worse 
quality of life.
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Figure 2a. GIQLI total score – DGE versus No DGE

Figure 2b. EQ-5D self-reported health state – DGE versus No DGE
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Figure 2c. QLQ-C30 global health status – DGE versus No DGE

Figure 2d. QLQ-C30 digestive symptoms – DGE versus No DGE

Figure legend: 1a, 1b, 1c: higher score means better quality of life. 1d: higher score means worse 
quality of life.
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Table 5. Quality of life two weeks postoperatively in patients with and without clinically relevant 
DGE

No clinically
relevant 
DGE (n = 46)

Clinically
relevant DGE
(n = 27)

P-value Adjusted
P-value*

Effect 
size†

EQ-5D – No. (%)
  Mobility – reporting problems   14 (40) 17 (77) 0.01 0.02 NA
  Selfcare – reporting problems 7 (19) 15 (68) 0.00 0.00 NA
  Activity – reporting problems 30 (86) 21 (100) 0.07 0.11 NA
  Pain – reporting problems 26 (74) 15 (71) 0.82 0.82 NA
  Anxiety – reporting problems 13 (36) 9 (41) 0.72 0.86 NA
  Health state – mean (SD) 59 (19) 48 (16) 0.03 0.06 0.60

QLQ-C30/PAN26 – mean (SD)
  QLQ-C30
   Global health status 57 (16) 44 (29) 0.02 0.05 0.59
   Functional scales‡
      Physical functioning 55 (22) 32 (25) 0.00 0.00 0.96
      Role functioning 34 (31) 13 (16) 0.01 0.05 0.83
      Emotional functioning 75 (21) 63 (28) 0.06 0.10 0.50
      Cognitive functioning 73 (22) 56 (27) 0.01 0.04 0.70
      Social functioning 69 (24) 54 (34) 0.05 0.08 0.53
   Symptom scales/items§
      Fatigue 62 (24) 79 (24) 0.01 0.04 0.68
      Nausea and vomiting 24 (30) 48 (32) 0.01 0.04 0.80
      Pain 51 (25) 62 (33) 0.15 0.21 0.38
      Dyspnoea 18 (25) 35 (27) 0.02 0.04 0.67
      Insomnia 48 (34) 64 (40) 0.11 0.17 0.43
      Appetite loss 58 (37) 62 (38) 0.66 0.72 0.12
      Constipation 14 (26) 26 (36) 0.16 0.22 0.37
      Diarrhoea 23 (28) 42 (40) 0.04 0.07 0.55
      Financial difficulties 9 (23) 14 (27) 0.51 0.60 0.17
  PAN26
   Symptom scales§
      Pancreatic pain 46 (25) 52 (28) 0.45 0.55 0.20
      Digestive symptoms 50 (26) 80 (28) 0.00 0.00 1.11
      Altered bowel habit 36 (21) 42 (25) 0.30 0.38 0.28
      Hepatic symptoms 17 (16) 28 (14) 0.01 0.04 0.71
      Body image 30 (34) 33 (31) 0.69 0.72 0.11
  Satisfaction/functional scales‡
      Sexual functioning 57 (39) 61 (42) 0.70 0.70 0.11
      Satisfaction with health care 54 (25) 70 (25) 0.02 0.04 0.67
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GIQLI – mean (SD)
   Total score (max. 144) 89 (16) 72 (19) 0.00 0.02 0.98
      Phys. well-being (max. 40) 17 (6) 13 (7) 0.02 0.04 0.69
      GI/digestive (max. 40) 28 (7) 25 (7) 0.13 0.16 0.44
      GI/defecation (max. 24) 19 (3) 18 (4) 0.22 0.22 0.35
      Mental well-being (max. 20) 14 (3) 11 (5) 0.02 0.04 0.65
*Adjusted for multiple testing according to Benjamini and Hochberg.
†Cohen’s d.
‡Higher score means better quality of life.
§Higher score means worse quality of life. 
DGE, delayed gastric emptying; EQ-5D, EuroQoL 5D; SD, standard deviation; QLQ-C30/PAN26, Quality 
of life core questionnaire with pancreatic cancer module; GIQLI, gastrointestinal quality of life index; GI, 
gastrointestinal

In addition, moderate and large effect sizes were also found on the following 
QLQ-C30/PAN26 domains: emotional functioning, social functioning, and diarrhoea. 
Again, these outcomes were better in patients without DGE.

At four weeks, the only statistically significant difference between patients with 
and without DGE was found in the PAN26 symptom scale ‘digestive symptoms’ 
(adjusted P-value 0.04, effect size 0.83). Twelve weeks postoperatively, no statistically 
significant differences were found between patients with and without DGE. Figure 2 
shows the course in time of the same quality of life domains as displayed in Figure 1, 
but now in patients with and without DGE.

Finally, we also compared uncomplicated patients (no complication or Dindo-
Clavien grade I, n = 25), with patients with primary DGE (without other intra-
abdominal complications, n = 10). The only statistically significant differences 
between these two groups were higher scores on the QLQ-C30/PAN26 symptom 
scales ‘nausea and vomiting’ and ‘digestive symptoms’ in the primary DGE group 
two weeks postoperatively, both with large effect sizes (respective means [standard 
deviation] 18 [30] versus 59 [36], adjusted P-value 0.03, effect size 1.23, and 41 [23] 
versus 76 [22], adjusted P-value 0.02, effect size 1.52).
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DISCUSSION

The present study shows that gastric emptying rate one week after operation was 
clearly slower than preoperatively. Half-emptying times and %RA120 in the antecolic 
group seemed lower, but this finding did not reach statistical significance. There was 
a strong association between scintigraphic results and clinically relevant DGE.

Gastric emptying scintigraphy after pancreatoduodenectomy was first described 
by Hocking et al., who performed liquid phase gastric emptying scintigraphy in a 
PPPD patient with severe DGE at postoperative day 31, 39 and 56.30 Solid phase 
gastric emptying scintigraphy after pancreatoduodenectomy was first performed 
in the 1993 trial on prophylactic erythromycin by Yeo et al.31 Scintigraphy results 
were compared between patients with and without prophylactic erythromycin, but 
no objective scintigraphic criteria for delayed emptying were defined. More recently, 
several studies did formulate criteria for delayed gastric emptying at scintigraphy; 
however, the correlation between scintigraphy and clinical DGE remained difficult 
to assess, due to the numerous definitions used for both clinical and scintigraphic 
DGE.13,32-34 In a recent series from our center, scintigraphy results were correlated to 
the now widely adapted ISGPS criteria for DGE.14 A strong correlation was found 
between grade of DGE and scintigraphy: of twenty-five patients without delayed 
gastric emptying rate at scintigraphy (i.e., %RA120 less than 60%), only two 
developed clinically relevant DGE according to the ISGPS criteria. Similarly, in the 
current series, clinically relevant DGE occurred in only three of nineteen patients with 
%RA120 < 60%. Overall scintigraphy results in the present study are comparable to 
our previous series, in which median half-emptying time one week after PPPD was 
125 minutes, with a residual activity after two hours of 65%.

The faster median t½ and lower median %RA120 in the antecolic group were not 
statistically significant. The fact that the study was not powered to detect a difference 
in gastric emptying speed at scintigraphy may contribute to the nonsignificance. 
One could theorize that the acquired results do show a clinically significant effect; 
however, this was not reflected in the clinical DGE outcomes. One should also realize 
that there was a selection bias, since more patients in the antecolic group missed 
their postoperative scan due to a complicated postoperative course, although this 
difference was neither significant.

With regard to quality of life, there was a decline in the entire study group two and 
four weeks postoperatively, but after twelve weeks, quality of life had recovered to 
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preoperative levels. This course of patient-reported outcomes over time is comparable 
to the recovery of quality of life after resection in a previous series from our center.19 
In that study, quality of life was assessed with the GIQLI and Medical Outcomes 
Study 24 acute-phase questionnaires.35 A significant postoperative decrease in 
physical and gastrointestinal functioning was found two weeks after PPPD, with a 
return to preoperative values around three months after surgery. The decrease in the 
current study also indicates a significant change.36 This development in quality of life 
after pancreatoduodenectomy is consistent with findings from other institutions as 
well.20,37

Two weeks postoperatively, patients with clinically relevant DGE had significantly 
worse quality of life outcomes than patients without DGE. These differences were 
clinically significant as effect sizes were moderate to large. Although most of the 
lower scores in DGE patients can be explained by the presence of DGE (such as 
nausea/vomiting and digestive symptoms, but also mobility and self-reported health 
state), other differences, such as a lower score in physical and cognitive functioning, 
are not entirely attributable to a state of gastroparesis. Given the fact that many 
patients developed DGE secondary to other intra-abdominal problems, these findings 
may be a reflection of general postoperative morbidity. When patients with primary 
DGE were compared with patients with an uncomplicated postoperative course, the 
only differences were higher ‘nausea and vomiting’ and ‘digestive symptoms’ scores 
on the QLQ30-PAN26 two weeks after the operation. Since the latter two groups 
consisted only of 10 and 25 patients, respectively, firm conclusions can not be drawn 
from this subanalysis, despite the large effect sizes. The higher satisfaction with 
health care in patients with DGE is a paradoxical finding; it may be the result of more 
medical attention paid to patients with a complicated postoperative course.

All results in the present study were obtained in the setting of a randomized 
controlled trial. Outcomes were well-defined and prospectively recorded. A 
limitation of the study design is that it was not powered to detect differences in 
gastric emptying rate or quality of life. Gastric emptying rate was assessed by solid 
phase gastric emptying scintigraphy, which is a well-tried and approved method after 
pancreatoduodenectomy. A limitation of scintigraphy is that it can not be used in 
patients with active nausea and vomiting; ingestion of the test meal is a premise for 
successful assessment of gastric emptying. This could possibly have been overcome 
by using a liquid test meal.38 Furthermore patients had to be able to undergo the 
scanning procedure; therefore, patients with severe complications other than DGE 
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could also not undergo scintigraphy. We have dealt with these limitations by clearly 
showing which proportion of patients did not undergo the postoperative scan due to 
their postoperative course. Quality of life was assessed by means of well-validated 
generic and disease-specific questionnaires. Effect sizes were calculated to examine 
the magnitude of the effects that are independent of sample size. Although DGE is 
often claimed to have a negative impact on quality of life, to our knowledge this is the 
first study to investigate the impact of DGE on quality of life. This burden on quality 
of life is clinically significant two weeks postoperatively.

In conclusion, the similar scintigraphy and quality of life results after retrocolic 
and antecolic gastroenteric reconstruction in PPPD are in line with the clinical 
outcomes of the original trial.10 The negative impact of DGE on quality of life is 
undeniable. Physicians should be aware of this adverse effect and inform their 
patients accordingly. The importance of prevention of this complication is once more 
underlined.
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ABSTRACT

Objectives: An aberrant right hepatic artery (aRHA) is the most frequently 
encountered vascular anomaly during pancreatoduodenectomy (PD). This study 
was performed to investigate the incidence of aRHA in a large series of PDs and to 
explore its relationship with complications and survival.

Methods: In a consecutive series of 790 PDs, aRHA could be identified or ruled out 
in 758 patients by reviewing operation reports. Patients with and without aRHA were 
compared. Main outcome measures were complications and survival (only in patients 
with a malignancy). 

Results: The aRHA group consisted of 143 patients (19%). Characteristics of patients 
in the aRHA and normal RHA groups were comparable. There were no differences 
in surgical complications. The aRHA was preserved without damage in 130 patients 
(91%). Two patients in whom the aRHA was either sacrificed or damaged suffered 
complications (hemorrhage and intra-abdominal abscess in the right upper quadrant) 
that may have been related. Longterm survival in patients with a malignancy and an 
aRHA was not compromised.

Conclusions: An aRHA is frequently encountered during PD. Preservation is 
generally feasible without compromising survival in patients with malignant tumours. 
Surgical morbidity is not higher in patients with an aRHA. Preservation is technically 
possible in most patients and does not negatively impact on outcomes.
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INTRODUCTION

Pancreatoduodenectomy (PD) represents the only chance for cure in patients with 
a pancreatic or periampullary tumor and is therefore the procedure of choice.1 It is a 
complex surgical procedure that is associated with high morbidity rates of up to 50%. 
Some of the most feared postoperative complications are anastomotic leakage at the 
site of pancreaticojejunostomy or hepaticojejunostomy, and post-pancreatectomy 
hemorrhage.2-6

Morbidity after PD may be even higher in the presence of aberrant hepatic arterial 
supply, which is reported to occur in up to 49% of patients.7-9 Anatomic variations 
in the hepatic arterial supply increase the risk of complications through several 
mechanisms. There is a higher risk of intraoperative vascular injury, especially when 
aberrant arteries are encountered unexpectedly or not recognized promptly.10 Damage 
or ligation of an aberrant artery may induce bile duct or liver ischemia, which can lead 
to breakdown of the bilioenteric anastomosis and liver dysfunction or abscesses.11 
Excessive manipulation while trying to preserve an aberrant artery may result in 
damage to the vessel’s adventitia and thus make it more prone to the formation of 
pseudoaneurysms, especially in the presence of pancreaticojejunostomy leakage.12 
This implies a higher risk for life-threatening bleeding complications. Attempts to 
preserve aberrant vessels may also hinder radical oncological resections.

Normal hepatic arterial supply involves a common hepatic artery (CHA) arising 
from the coeliac trunk (Figure 1). The section of artery subsequent to the branching 
off of the gastroduodenal and right gastric arteries is referred to as the proper hepatic 
artery; this bifurcates into the right and left hepatic arteries (RHA and LHA). 

The two most widely accepted classifications of hepatic arterial variations are 
those by Michels, based on 200 autopsies, and Hiatt, based on 1000 angiographic 
analyses (Table 1).7,9 
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Figure 1. Normal hepatic arterial anatomy  
RH, right hepatic artery; MH, middle hepatic artery; LH, left hepatic artery (Source: Blumgart et 
al.25) 

Table 1. Overview of the Michels and Hiatt classifications of hepatic artery types

Description Michels 
type

 
 

Hiatt type

Normal anatomy I I
Replaced LHA from LGA II II
Replaced RHA from SMA III III
Replaced RHA + LHA IV IV
Accessory LHA V II
Accessory RHA VI III
Accessory RHA + LHA VII IV
Replaced RHA + acc. LHA or replaced LHA + acc. RHA VIII IV
CHA from SMA IX V
CHA from LGA X -
CHA from aorta - VI
LHA, left hepatic artery; LGA, left gastric artery; RHA, right hepatic artery; SMA, superior mesenteric artery; 
acc., accessory; CHA, common hepatic artery
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In both series, the most common reported vascular anomaly is an aberrant right 
hepatic artery (aRHA, Figure 2). Michels makes a distinction between a replaced and 
accessory aRHA. A replaced right hepatic artery (rRHA) arising from the superior 
mesenteric artery (SMA) is classified as Michels type III. It may course posterior to 
the pancreas, as well as within the pancreatic parenchyma or along the ventral side 
of the pancreas. Reported incidences vary from 8 to 14%.8,9,13,14 An accessory RHA 
(accRHA) follows the same course as a rRHA, in addition to a normal RHA. It is 
classified as Michels type VI and is reported to occur in up to 7% of patients.8,9 In the 
Hiatt classification, both rRHA and accRHA are classified as type III and reported 
incidences vary from 7 to 21%.7,15-17

Figure 2. Computed tomography scan showing a replaced right hepatic artery (white arrow) arising 
from the superior mesenteric artery

An aRHA represents the vascular anomaly encountered most frequently during 
PD and, because of its course, is the hepatic arterial anomaly that is most susceptible 
to intraoperative damage and tumor involvement.14
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Therefore, the aim of the present study was to investigate the incidence of aRHA 
in a large cohort of patients undergoing PD and to explore its relationships with the 
occurrence of complications and with longterm survival in patients with a malignancy.

METHODS

PATIENTS AND STUDY OUTLINE
In a consecutive series of 790 PDs performed from 1992 to 2009, clinicopathological 

data, perioperative outcomes and longterm follow-up were prospectively recorded. 
Patients with an aRHA were identified by reviewing operation reports. In cases of 
doubt, preoperative computed tomography scans were reviewed to determine aberrant 
or normal RHA anatomy. The present study involved a retrospective analysis of 
anonymized data, for which the Dutch ethical review board regulations do not require 
informed consent.

It was possible to reliably identify or rule out an aRHA in 758 patients. According 
to these findings, patients were divided into aberrant (n = 143, 19%) and normal (n = 
615, 81%) RHA groups.

OUTCOME MEASURES
For each study group, the following surgical complications were analyzed: 

delayed gastric emptying; pancreaticojejunostomy leakage and post-pancreatectomy 
hemorrhage (each according to its consensus definition by the International Study 
Group of Pancreatic Surgery, grades B or C); hepaticojejunostomy leakage; primary 
intra-abdominal abscess; wound infection, and other surgical complications.18-20 Other 
short-term outcome measures were re-laparotomy, hospital mortality and length of 
hospital stay. In patients undergoing surgery for a malignancy, survival time was an 
additional outcome measure.

SURGICAL PROCEDURE 
The standard surgical procedure was a pylorus-preserving PD. A classic Whipple 

procedure was reserved for patients with tumor ingrowth in the pylorus or duodenum. 
The standard procedure has been described earlier.21 In short, after resectability had 
been assessed and an extensive Kocher manoeuvre to evaluate local tumor ingrowth 
in the vena cava, aorta or SMA had been carried out, the hepatoduodenal ligament was 
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explored. This is the surgical step during which an aRHA was usually encountered. 
Upon discovery, the aRHA was generally followed caudally in the direction of its 
origin. However, it was not always followed to its origin if there was clearly no tumor 
involvement of the aRHA.

In cases of limited tumor ingrowth in the portal or superior mesenteric vein, a 
segmental or wedge resection was carried out.22 Reconstruction was performed 
by retrocolic hepaticojejunostomy and pancreaticojejunostomy and retrocolic or 
antecolic duodenojejunostomy, without Roux-en-Y reconstruction. One silicone 
drain was left in the foramen of Winslow near the hepaticojejunostomy and 
pancreaticojejunostomy.21 A feeding jejunostomy procedure was standard until 
2000, since when it has been performed only for indications of severe weight loss 
or malnutrition.23 Octreotide was routinely administered subcutaneously until 2002, 
since when it has been administered only in cases of soft pancreas or non-dilated 
pancreatic duct.

STATISTICAL ANALYSIS
Depending on the data distribution, results are reported as mean ± standard 

deviation or median with interquartile range. Independent samples t-test (for normally 
distributed data) and Mann-Whitney U-test (for abnormally distributed data) were 
used to compare continuous variables between the study groups. The χ2 test was used 
for categorical data. Kaplan-Meier estimates of survival were obtained in patients 
undergoing surgery for a malignancy. Overall survival was compared between the 
normal and aberrant RHA groups, using log-rank test statistics.

P-values of < 0.05 were considered statistically significant. All analyses were 
performed in SPSS version 16.0 (SPSS, Inc, Chicago, IL, USA).

RESULTS

PATIENT AND OPERATION CHARACTERISTICS
Characteristics of patients in the aberrant and normal RHA groups are summarized 

in Table 2. There were no significant differences in terms of age, sex, American 
Society of Anesthesiologists class or co-morbidity. The pathological entity for which 
PD was performed did not differ between the two groups (Table 3). In both groups, 
83% of patients were operated for a malignant lesion.
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Table 2. Characteristics of patients with and without aberrant right hepatic artery

Characteristic Aberrant RHA
(n = 143)

Normal RHA
(n = 615)

P-value

Age (years), mean ± SD 60.7 ± 11.4 62.3 ± 11.0 0.14
Males – No. (%) 79 (55) 344 (56) 0.88
ASA classification – No. (%)
  I 35 (25) 126  (21) 0.30
  II 87 (61) 372 (61)
  III/IV 20 (14) 116 (19)
Co-morbidity – No. (%)
  Cardiac 25 (18) 133 (22) 0.26
  Pulmonary 11 (8) 78 (13) 0.09
  Diabetes mellitus 18 (13) 95 (16) 0.38
  Hypertension 28 (20) 129 (21) 0.70
RHA, right hepatic artery; SD, standard deviation; ASA, American Society of Anesthesiologists

Operation variables did not differ between the two groups (Table 4). In eight patients 
(6%) with aRHA, the aberrant vessel was willingly sacrificed, for oncological (n = 6) 
or technical (n = 2) reasons. In one of these patients, reconstruction was considered, 
but was not performed after intraoperative Doppler ultrasonography showed normal 
antegrade arterial liver perfusion. In five patients (3%) the aberrant vessel was accidently 
damaged (n = 2) or ligated (n = 3). This occurred mainly during bile duct dissection. 
The two damaged aRHAs were repaired by primary closure with prolene 6-0. Of the 
three accidentally ligated aRHAs, one was reconstructed by end-to-end anastomosis.

Table 3. Underlying disease in patients with and without aberrant right hepatic artery undergoing 
pancreatoduodenectomy  

Characteristic Aberrant RHA
(n = 143)

Normal RHA
(n = 615)

P-value

Malignant disease – No. (%) 119 (83) 508 (83) 0.86
Pathological entity – No. (%)
  Pancreatic adenocarcinoma 55 (39) 216 (35) 0.38
  Ampullary adenocarcinoma 33 (23) 144 (23)
  Distal CBD adenocarcinoma 22 (15) 76 (12)
  Duodenal carcinoma - 17 (3)
  Other (pre)malignant disease 14 (10) 66 (11)
  Chronic pancreatitis 13 (9) 55 (9)
  Other benign disease 6 (4) 41 (7)
RHA, right hepatic artery; CBD, common bile duct
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Table 4. Surgical variables in patients with and without aberrant right hepatic artery

Variable Aberrant RHA
(n = 143)

Normal RHA
(n = 615)

P-value

Operation
  Pylorus preserved – No. (%) 128 (90) 535 (87) 0.41
  Duration of operation (minutes ), mean ± SD 299 ± 91 300 ± 86 0.96
  Estimated blood loss (mL), median (IQR)* 1100 (963) 1050 (1200) 0.88
Aberrant right hepatic artery handling
  Preserved – No. (%) 130 (91) NA
  Sacrificed – No. (%) 8 (6) NA
  Accidently damaged or ligated – No. (%) 5 (3) NA
*Calculated in 99 patients with aberrant RHA and 398 patients with normal RHA
RHA, right hepatic artery; SD, standard deviation; IQR, interquartile range; NA, not applicable

RIGHT HEPATIC ARTERIAL VARIATIONS
Table 5 provides an overview of the RHA variations encountered in the aRHA 

group. The most common variations were rRHA and accRHA (Hiatt type III). In 45 
of 127 (35%) patients with a Hiatt type III aRHA, whether the RHA was replaced or 
accessory could not be distinguished with certainty.

Nine patients (1%) had both aRHA and aLHA (Hiatt type IV). Seven patients 
(1%) had a replaced CHA arising from the SMA (Hiatt type V). These were grouped 
in the aRHA group for the purpose of this analysis.

Table 5. Right hepatic arterial variations observed in 758 pancreatoduodenectomies  

Variation n (%)

Aberrant RHA 127 (17)
  Replaced RHA 60 (8)
  Accessory RHA 22 (3)
  Replaced OR accessory RHA 45 (6)
Aberrant RHA and LHA 9 (1)
  Replaced RHA and LHA 4 (1)
  Accessory RHA and LHA 4 (1)
  Replaced OR accessory RHA and LHA 1 (0)
Aberrant CHA 7 (1)
  Replaced CHA 7 (1)
Total 143 (19)
RHA, right hepatic artery; LHA, left hepatic artery; CHA, common hepatic artery
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SHORT-TERM OUTCOMES
There was no difference in overall surgical morbidity and no difference in rates 

of any of the surgical complications between the two groups (Table 6). Incidences of 
complications that might be related to the presence of an aRHA, such as hemorrhage, 
hepaticojejunostomy leakage or intra-abdominal abscess, were comparable in both 
groups. Hospital mortality, re-laparotomy rate and length of hospital stay did not 
differ between the aberrant and normal RHA groups. 

Table 6. Short-term outcomes after pancreatoduodenectomy in patients with and without 
aberrant right hepatic artery

Outcome Aberrant RHA
(n = 143)

Normal RHA
(n = 615)

P-value

Surgical complications – No. (%) 80 (56) 303 (49) 0.15

  Pancreaticojejunostomy leakage* 18 (13) 87 (14) 0.63

  Delayed gastric emptying* 48 (34) 193 (31) 0.61

  Post-pancreatectomy hemorrhage* 11 (8) 44 (7) 0.82

  Hepaticojejunostomy leakage 2 (1) 21 (3) 0.21

  Primary intra-abdominal abscess 7 (5) 25 (4) 0.66

  Wound infection 16 (11) 55 (9) 0.41

  Other 18 (13) 70 (12) 0.71

Relaparotomy – No. (%) 10 (7) 68 (11) 0.15

Hospital mortality – No. (%) 2 (1) 13 (2) 0.58

Hospital stay (days), median (IQR) 15 (11) 14 (11) 0.94

*International Study Group of Pancreatic Surgery definition, grade B or C
RHA, right hepatic artery; IQR, interquartile range

In the 13 patients in whom the aRHA was either willingly sacrificed or accidentally 
damaged or ligated, two complications that may be related occurred: one patient 
suffered a delayed massive hemorrhage, and the other was readmitted with a large 
intra-abdominal abscess in the right upper quadrant after making an initially good 
recovery (Table 7). However, there were no differences between the sacrificed/
damaged aRHA and normal RHA groups in terms of surgical complications, hospital 
mortality, re-laparotomy rate or length of hospital stay.
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LONGTERM SURVIVAL
Figure 3 shows the Kaplan-Meier survival curves of patients with a malignancy, 

with and without aRHA. Median survival times did not differ significantly between 
the groups and were 25.7 months in the aRHA group and 29.4 months in the normal 
RHA group (log-rank test, P = 0.67). If only patients with pancreatic cancer were 
taken into account, median survival times in the aRHA (n = 55) and normal RHA (n 
= 215) groups were also similar, at 17.9 months in the aRHA group and 19.1 months 
in the normal RHA group (log-rank test, P = 0.92).

Table 7. Short-term outcomes after pancreatoduodenectomy in patients with ligated or damaged 

aberrant vs. normal right hepatic artery

Outcome Ligated or damaged 
aberrant RHA  (n = 13)

Normal RHA
(n = 615)

P-value

Surgical complications – No. (%) 7 (54) 303 (49) 0.74

  Pancreaticojejunostomy leakage* 3 (23) 87 (14) 0.36

  Delayed gastric emptying* 4 (31) 193 (31) 0.96

  Post-pancreatectomy hemorrhage* 1 (8) 44 (7) 0.94

  Hepaticojejunostomy leakage 0 (0) 21 (3) 0.50

  Primary intra-abdominal abscess 1 (8) 25 (4) 0.52

  Wound infection 1 (8) 55 (9) 0.87

  Other 1 (8) 70 (12) 0.67

Relaparotomy – No. (%) 3 (23) 68 (11) 0.18

Hospital mortality – No. (%) 1 (8) 13 (2) 0.18

Hospital stay (days), median (IQR) 12 (14) 14 (11) 0.68

*International Study Group of Pancreatic Surgery definition, grade B or C
RHA, right hepatic artery; IQR, interquartile range
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Figure 3. Kaplan-Meier survival curves for 627 patients who underwent pancreatoduodenectomy 
for a malignant lesion, with (n = 119) and without (n = 508) aberrant right hepatic artery

DISCUSSION

Anatomic variations in the hepatic arterial supply are a common phenomenon. The 
vascular anomaly encountered most frequently during PD is the aRHA. Preservation 
of an aRHA during PD may lead to compromised cancer resections, whereas damage 
or ligation may lead to bleeding complications and liver or bile duct ischemia and 
subsequent breakdown of the bilioenteric anastomosis.

In the present study, 18% of patients had an aRHA; an additional 1% had a 
replaced CHA arising from the SMA. The presence of an aRHA did not lead to more 
complications and did not influence longterm survival in patients with a malignancy.

The incidence of aRHA in the current series (17% incidence of Hiatt type III 
variations [either rRHA or accRHA]) accords well with rates reported in previous 
publications.7,15,17,24 The operation reports did not always distinguish between 
replaced and accessory anomalies (i.e., Michels type III or VI). However, in the 82 
patients whose surgical reports clearly stated whether the aberrant vessel represented 
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a replaced or accessory RHA, the majority (n = 60, 73%) were replaced, as might 
be expected according to previously published incidences of Michels type III 
and VI variations.8,9,13 Nine patients (1%) showed Hiatt type IV variations (aRHA 
and aLHA). In four of these, both aberrant vessels were replaced. This is, to our 
knowledge, the first surgical study on hepatic arterial variations to describe this 
variant.12 Seven patients (1%) had a replaced CHA arising from the SMA (Hiatt type 
V). This incidence is somewhat lower than those reported in previous series.8,9,24

In the vast majority of patients with aRHA, the aberrant vessel could be preserved. 
In eight patients it was willingly sacrificed, mainly for oncological reasons. Five 
aRHAs were accidentally damaged (n = 2) or ligated (n = 3), two of which were not 
reconstructed. Thus, the number of patients in whom the aRHA was permanently lost 
totalled 10 (7%). Lee et al. described a series of 103 PDs in which 15 aRHAs were 
encountered and all were preserved.14 Jah et al. found 28 aRHAs in 135 PDs; three of 
these were divided and one of the three was anastomosed to the gastroduodenal artery 
stump, leading to two permanently lost aRHAs (7%).15 Turrini et al. reported a series 
in which two of 47 aRHAs needed reconstruction and one was ligated.17

Morbidity in the aRHA group did not differ from that in the normal RHA group, 
which is similar to findings in the smaller series by Lee et al., Jah et al. and Turrini 
et al.14,15,17 Even in the current series of more than 750 PDs, which included a 
large aRHA group of 143 patients, no differences were found in rates of surgical 
complications, not even for those complications that might be expected to occur more 
frequently in patients with an aRHA, such as hepaticojejunostomy leakage, bleeding 
complications, and intra-abdominal abscess. 

Morbidity in the subgroup of patients in whom aRHAs were sacrificed, accidentally 
damaged or ligated was still comparable with that in the non-aRHA group. The 
numbers in this subgroup were probably too small to detect possible differences in 
morbidity, although complications that may be related did occur in two patients in 
whom the aRHA was sacrificed.

Longterm survival was not compromised in patients operated for a malignancy. 
These results confirm the findings of Lee et al., Jah et al. and Turrini et al., and show 
that preservation of aRHAs is feasible in the vast majority of patients and does not 
decrease overall longterm survival in patients with a malignancy.14,15,17

A limitation of the current study is its retrospective identification of aRHA, which 
may have led to an underestimation of the incidence of aRHA. It was not possible 
to distinguish between replaced or accessory variants in a substantial number of 
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reports; this distinction would have been possible if the aRHA had been recorded 
prospectively. However, a comparison between the incidence of aRHA in the current 
study and those in the current literature does not suggest an underestimation; we 
believe an aRHA is such an important intraoperative finding that surgeons will 
always mention it in their reports. Another limitation of the retrospective collection 
of aRHA data is that preoperative knowledge of the presence of the aRHA could not 
be analyzed. In the local multidisciplinary hepatopancreatobiliary meeting, aRHAs 
are usually identified and discussed during the review of preoperative imaging, but 
the finding is not routinely mentioned in the radiologists’ imaging reports, a fact also 
noted by Turrini et al.17

In conclusion, the current study describes the incidence and consequences of 
aRHA in the largest surgical series to be used for this purpose to date. It is the first 
surgical report to describe patients with both rRHA and rLHA. It shows that aRHA is 
a common phenomenon and that preservation of the aRHA is generally feasible and 
does not compromise longterm survival in patients with a malignancy. Sacrifice or 
accidental damage or ligation of aRHAs may raise the risk for complications such as 
liver dysfunction or hepaticojejunostomy leakage, however the number of patients 
in this subgroup in this series was too small to detect eventual differences. It is our 
belief that an aRHA can nearly always be preserved, without negatively impacting 
surgical outcomes and longterm survival in patients with a malignancy. Given the 
high incidence of aRHA, it is suggested that radiologists should include hepatic 
arterial anatomy in their standard preoperative imaging reports.
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ABSTRACT

Background: Common anastomotic complications after pancreatoduodenectomy 
are leakage from the pancreaticojejunostomy or hepaticojejunostomy. Leakage from 
the gastroenteric anastomosis has rarely been described. We evaluated the incidence 
of gastroenteric leakage after pancreatoduodenectomy and described its presentation, 
treatment and outcome.

Methods: Between 1992 – 2012, a consecutive series of 1036 patients underwent 
pancreatoduodenectomy in the Academic Medical Center. By use of a prospective 
database and medical records, patients with gastroenteric leakage were identified. 
Clinicopathologic data were compared with patients without gastroenteric leakage, 
and presentation, radiological findings, treatment and outcome of gastroenteric leaks 
were analyzed.

Results: Twelve patients (1.2%) had gastroenteric leakage. Patients with 
gastroenteric leaks had undergone longer surgical procedures, had more pancreatic 
fistulas and other complications, and had a significantly longer hospital stay. Median 
postoperative day of diagnosis was 8 (range 2 – 23). Clinical signs included tender 
abdomen, and high drain output suspicious of gastric content. Common radiological 
findings were pneumoperitoneum and intra-abdominal fluid. Seven patients (58%) 
were treated surgically, four (33%) by percutaneous drainage, and one patient (8%) 
underwent no specific treatment duo to his poor clinical condition. This patient died 
in-hospital, resulting in a hospital mortality of 8%.

Conclusions: Gastroenteric leakage after pancreatoduodenectomy is rare. Clinical 
presentation is not specific, unlike leakage from other sites. Drain output suspicious 
of gastric content may help to differentiate from pancreatic or hepatic anastomotic 
leakage. It may be associated with a longer duration of operation and concomitant 
pancreatic fistula. A good outcome depends on prompt diagnosis and is mostly 
achieved by surgical intervention.



Leakage of the gastroenteric anastomosis

157

INTRODUCTION

Pancreatoduodenectomy (PD) is the standard of care for patients with a pancreatic 
head or periampullary tumor. PD is a complex surgical procedure and reconstruction 
usually involves three anastomoses: a pancreatic anastomosis, a biliary anastomosis 
and a gastroenteric anastomosis. Although mortality of PD in high volume centers is 
below 5% nowadays, morbidity still remains substantial and is reported between 30-
65%.1-7 Anastomotic complications contribute significantly to the morbidity rate. The 
most common anastomotic complication is leakage of the pancreatic anastomosis, 
i.e. the pancreaticojejunostomy or pancreaticogastrostomy, with incidences between 
10 and 20%.1-3 Leakage of the biliary anastomosis, the hepaticojejunostomy, 
is less common, occurring in approximately 3% of patients.4,5 Leakage of the 
gastroenteric anastomosis, a gastrojejunostomy (GJ) in classic Whipple procedure 
or duodenojejunostomy (DJ) in case of pylorus-preserving PD, is the least common 
anastomotic complication. The incidence is reported around 1%.6,7 However, many 
series do not report gastroenteric leakage at all, and so far, only one study focusing 
entirely on gastroenteric leaks has been published.7 Therefore, the aim of the present 
study is to evaluate the incidence of leakage of the gastroenteric anastomosis after 
PD, and to define its presentation and management options. 

METHODS

PATIENTS AND STUDY OUTLINE
Between 1992 and December 2012, a consecutive series of 1036 patients 

underwent PD for a pancreatic head or periampullary tumor. The clinical and 
pathological characteristics, and hospital course were prospectively recorded. Patients 
with gastroenteric leakage were identified from this prospective database, and two 
study groups were created, consisting of patients with and without gastroenteric 
leakage. Patients were scored as having gastroenteric leakage when a defect at the 
GJ or DJ was encountered at reoperation or – in one case – autopsy, or when there 
was sufficient radiological evidence of leakage. In patients with unspecified intra-
abdominal fluid collections or anastomotic leakage, medical records and radiological 
investigations were reviewed by the first and senior author and a radiologist (C.Y.N.) 
in order to determine whether gastroenteric leakage was present or not.



Chapter 9

158

Characteristics of patients with and without GE leakage were compared, and 
clinical presentation, radiological findings, treatment and outcome of patients with 
GE leakage were analyzed. The Clavien-Dindo classification of complications 
was applied to patients with gastroenteric leakage to quantify the burden of this 
complication.8 

Since this study involves a retrospective analysis of anonymized data, informed 
consent was not required, according to the Dutch ethical review board regulations.

SURGICAL TECHNIQUE
The standard procedure was a pancreatoduodenectomy, a Whipple procedure 

with removal of lymph nodes at the right side of the portal vein until 1993 and 
afterwards a pylorus-preserving (PP) PD, with exception for patients with tumor 
ingrowth at the proximal duodenum.9 Reconstruction was performed by retrocolic 
hepaticojejunostomy and pancreaticojejunostomy. A retrocolic, and more recently 
predominantly antecolic, duodenojejunostomy was created with a running PDS 3-0 
suture using the same jejunal limb as the pancreatic and biliary anastomoses (without 
Roux-en-Y reconstruction).9,10 One silicone drain was left in the foramen of Winslow 
near the hepaticojejunostomy and pancreaticojejunostomy. Feeding jejunostomy was 
routinely performed until 2000, and from then on only on indication of severe weight 
loss.11 A nasogastric tube was left in situ postoperatively.
  
POSTOPERATIVE MANAGEMENT

If there was still drain output from the drain in the foramen of Winslow at the third 
postoperative day, the output was analyzed for amylase, and on indication for bilirubin 
and/or triglycerides. The drain was removed when output was below 100mL/day in 
absence of signs of anastomotic leakage or chylous ascites. The nasogastric tube was 
removed after output had fallen below 300mL/day or at discretion of the treating 
surgeon. Somatostatin analogues were administered on indication of soft pancreatic 
tissue or a non-dilated pancreatic duct. On suspicion of complications, diagnostic 
procedures consisted of computed tomography (CT) followed by ultrasound (US) 
guided drainage of abdominal collections and percutaneous transhepatic drainage of 
the biliary system. For postoperative bleeding a subsequent selective angiography 
with embolization, or stenting in case of pseudoaneurysm, was performed.1,4
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STATISTICAL ANALYSIS
Continuous data are reported as mean with standard deviation, or median with 

interquartile range, depending on the distribution. Continuous data were compared 
between patients with and without gastroenteric leakage by use of the independent 
samples t-test, or in case of abnormal distribution, with the Mann-Whitney U-test. 
Categorical data are presented as numbers with percentages, and were analyzed 
with the χ2 test. Due to the low number of events, multivariable analysis for the 
identification of possible risk factors for gastroenteric leakage was not feasible.

P-values below 0.05 in a two-tailed analysis were considered to indicate statistical 
significant effects. All analyses were performed using SPSS version 18.0 (SPSS Inc, 
Chicago, IL, USA).

RESULTS
 

GASTROENTERIC LEAKS
Twelve patients with gastroenteric leakage were identified in the series of 

1036 patients, resulting in an incidence of 1.2%. Clinicopathologic and treatment 
characteristics of patients with and without gastroenteric leakage are summarized in 
Table 1. There were no differences in age or sex distribution among the two groups. 
American Society of Anesthesiologists classification, previous medical history, body 
mass index, and renal function, reflected by the blood urea nitrogen-to-creatinine 
ratio, were not different between the two groups. The pylorus was preserved in 92% 
of patients with gastroenteric leakage, versus 87% in patients without gastroenteric 
leakage (not significant). In the gastroenteric leakage group, four patients had an 
antecolic gastroenteric anastomosis, four patients had a retrocolic anastomosis, and 
in four patients, the route of the gastroenteric anastomosis was not mentioned in 
the operation report. Most gastroenteric leakages occurred in the second half of the 
study period. Additional resectional procedures during the index procedure were 
significantly more often performed in patients with gastroenteric leakage (2 [17%] 
versus 18 patients [2%], P < 0.001): two patients with gastroenteric leakage also 
underwent additional left hemicolectomy and an extended right hemicolectomy 
(without leakage), respectively. In patients with gastroenteric leakage, operation time 
was significantly longer: 366 minutes versus 301 minutes (P = 0.001). 
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Table 1. Characteristics of patients with and without gastroenteric leakage who underwent 
pancreatoduodenectomy in the Academic Medical Center between 1992 and December 2013

Characteristic Gastroenteric 
leakage
(n = 12)

No gastroenteric 
leakage
(n = 1024)

P-value
 

Patient variables
  Age (years), mean ± SD 62.0 ± 12.8 62.7 ± 11.3 0.84
  Males ― No. (%) 8 (67) 586 (57) 0.51
  ASA classification – No. (%)
    I 1 (8) 210 (21) 0.52
    II 8 (67) 634 (62)
    III 3 (25) 177 (17)
    Unknown 3
  Comorbidity ― No. (%)
    History of diabetes mellitus 1 (8) 178 (17) 0.41
    History of cardiac disease 3 (25) 198 (19) 0.62
    History of hypertension 2 (17) 242 (24) 0.57
    History of pulmonary disease 2 (17) 105 (10) 0.57
  BUN-to-creatinine ratio >20 – No. (%)* 6 (50) 74/140 (53) 0.85
  Body-mass index, mean ± SD 24.3 ± 5.3 24.3 ± 3.8 0.98
Treatment characteristics
  Pylorus preserved – No. (%) 11 (92) 887 (87) 0.61
  Additional resectional procedures – No. (%) 2 (17) 18 (2) <0.001
    Partial liver resection - 5
    Hemicolectomy 2 6
    Subtotal pancreatectomy - 2
    (Partial) nephrectomy or adrenalectomy - 5
  Duration of operation (min.), mean ± SD† 366 ± 141 301 ± 90 0.001
  Estimated blood loss (mL), median (IQR) 1175 (2230) 1050 (1000) 0.43
Pathological characteristics – No. (%)
  Periampullary adenocarcinoma 10 (83) 749 (73) 0.37
  Other (pre-)malignancy 2 (17) 131 (13)
  Benign 0 (0) 144 (14)
*Calculated in all patients with gastroenteric leakage and 140 consecutive patients without gastroenteric leakage.
†Calculated in all patients with gastroenteric leakage and 798 consecutive patients without gastroenteric leakage.
SD, standard deviation; ASA, American Society of Anesthesiologists; BUN, blood urea nitrogen; IQR, interquartile 
range

This difference still persisted when the two patients with additional resectional 
procedures were left out of the analysis: the mean duration of operation in the 
remaining patients with gastroenteric leakage was 369 minutes. There were no 
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differences in pathologic characteristics; ten patients with gastroenteric leakage had 
a periampullary adenocarcinoma; one patient had an intraductal papillary mucinous 
neoplasm with high grade dysplasia, and one was operated for a metastasis of a colon 
adenocarcinoma. There was no difference in leakage rate between pylorus-preserving 
and classic Whipple resection.

POSTOPERATIVE COURSE
Table 2 displays other complications, number of relaparotomies, hospital mortality 

and length of hospital stay of patients with and without gastroenteric leakage. 

Table 2. Outcomes of patients with and without gastroenteric leakage who underwent 
pancreatoduodenectomy in the Academic medical center between 1992 and December 2012

Characteristic Gastroenteric 
leakage
(n = 12)

No gastroenteric 
leakage
(n = 1024)

P-value

Any complication – No. (%) 12 (100) 605 (59) 0.004

Surgical complications – No. (%) 12 (100) 528 (52) 0.001
  Postoperative pancreatic fistula* 5 (42) 151 (15) 0.01
  Postpancreatectomy hemorrhage† 0 (0) 67 (7) 0.36
  Delayed gastric emptying† 11 (92) 332 (32) <0.001
  Biliary leakage 0 (0) 39 (4) 0.49
  Intra-abdominal abscess 9 (75) 130 (13) <0.001
  Wound infection 1 (8) 95 (9) 0.91

Nonsurgical complications – No. (%) 8 (67) 270 (26) 0.002
  Pneumonia 2 (17) 42 (5) 0.052
  Other pulmonary complications 0 (0) 44 (5) 0.43
  Cardiac complication 3 (25) 62 (6) 0.007
  Urinary tract infection 0 (0) 100 (10) 0.26
  Other 5 (42) 56 (6) <0.001

Repeated operation – No. (%) 8 (67) 92 (9) <0.001
Hospital mortality – No. (%) 1 (8) 20 (2) 0.12
Length of hospital stay (days), median (IQR) 41 (24) 14 (11) <0.001

*Grade B or C according to the consensus definition by the International Study Group of Pancreatic Fistula.
†Grade B or C according to the consensus definition by the International Study Group of Pancreatic Surgery.
IQR, interquartile range
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There were significantly more postoperative pancreatic fistulas in patients 
with gastroenteric leakage: 42% versus 15%, P = 0.01. Almost all patients with 
gastroenteric leakage had delayed gastric emptying (92% versus 32%, P < 0.001), 
secondary to their intra-abdominal complications. Furthermore, significantly more 
patients with gastroenteric leakage suffered from nonsurgical complications (P = 
0.002).

Reoperations were performed in 8 patients with gastroenteric leakage, obviously 
significantly more than in patients without gastroenteric leakage (67% versus 9%, P < 
0.001), but also more than in patients with leakage of the pancreaticojejunostomy or 
hepaticojejunostomy: in the most recent five years of the study period, 28% of patients 
with postoperative pancreatic fistula grade B or C underwent repeated operation; in 
patients with leakage of the hepaticojejunostomy, this was 31%.

Hospital mortality was higher in patients with gastroenteric leakage, but this was 
not statistically significant: one patient died in-hospital, 8% versus 2%, P = 0.12. 
Median length of hospital stay was significantly longer in patients with gastroenteric 
leakage: 41 versus 14 days, P < 0.001.

PRESENTATION AND MANAGEMENT OF GASTROENTERIC LEAKS
Table 3 displays the clinical presentation of patients with gastroenteric leakage. 

Median postoperative day of diagnosis of gastroenteric leakage was 8 (range 2 – 23). 
All patients presented with a tender abdomen, with or without fever. Four patients 
had an enterocutaneous fistula with high drain output suspicious of gastric content (in 
combination with low amylase or bilirubin). On the day of diagnosis, leucocytosis, 
defined as a white blood cell count > 10.6 x 109/L, was present in ten of the twelve 
patients; median white blood cell count was 14.6 x 109/L. All patients had an elevated 
C-reactive protein level; median C-reactive protein level was 202 mg/L. Common 
radiological findings were pneumoperitoneum and free or localized fluid.

Many patients had other complications as well: five patients had prior or concomitant 
postoperative pancreatic fistula. Other complications were diagnosed mostly after the 
diagnosis of gastroenteric leakage: eleven patients had delayed gastric emptying, and 
all patients with gastroenteric leakage needed nutritional support. Total parenteral 
nutrition was indicated in eight patients. Four patients received enteral nutritional 
support alone, through a nasojejunal feeding tube. Nine patients developed intra-
abdominal abscesses. Other sequelae of the intra-abdominal complications included 
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atrial fibrillation, myocardial infarction, pneumonia, delirium, wound infection or 
dehiscence (all n = 2), and cerebral infarction, Clostridium infection, hypoglycemic 
coma and portal vein thrombosis (all n = 1). 

Table 3. Presentation of patients with gastroenteric leakage after pancreatoduodenectomy

Characteristic Patients with 
gastroenteric leakage
(n = 12)

POD of diagnosis, median (range) 8 (2 – 23)
Clinical presentation – No. (%)
  Tender abdomen 12 (100)
  Enterocutaneous fistula in addition to tender abdomen 4 (33)
White blood cell count (10E9/L), median (range)* 14.6 (4.2 – 35.2)
CRP (mg/L), median (range)* 202 (47 – 410)
Radiological findings (may overlap) – No. (%)‡
  Pneumoperitoneum 7 (58)
  Intra-abdominal free fluid or fluid collections 5 (42)
  Oral contrast leakage 1 (8)
  No signs of anastomotic leakage 1 (8)
Concomitant complications (may overlap) – No. (%)
  Delayed gastric emptying 11 (92)
  Intra-abdominal abscess 9 (75)
  Postoperative pancreatic fistula 5 (42)
  Patients with additional concomitant complications 8 (67)

*At POD of diagnosis.
‡In one patient, relaparotomy was performed immediately on clinical grounds, and radiological imaging was 
omitted.
POD, postoperative day; CRP, C-reactive protein

In Table 4, the treatment and outcomes of patients with gastroenteric leakage are 
displayed. Four patients were successfully managed by US/CT-guided percutaneous 
drainage procedures. Three additional patients underwent percutaneous drainage but 
were later operated upon due to clinical deterioration (n = 2) or persistent high drain 
output (n = 1). Four patients underwent direct relaparotomy, due to their clinical 
condition (sepsis). So in total, seven gastroenteric leaks were managed during 
relaparotomy. Revisional operative procedures consisted mainly of reconstruction of 
the gastroenteric anastomosis, with (n = 5) or without (n = 2) distal gastrectomy, and 
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with (n = 5) or without (n = 2) conversion to a Roux-en-Y reconstruction. One patient 
had already undergone a relaparotomy for leakage of the pancreaticojejunostomy 
by the time he developed gastroenteric leakage; this could then be managed by 
percutaneous drainage. In the patient who died, it was decided to abandon further 
invasive procedures, due to his poor clinical condition, and after pathological 
investigation had revealed a non-radical resection and metastasis in a liver biopsy. 
Although the postoperative course of this patient had been suspicious for anastomotic 
leakage from early on, repeated computed tomography with intravenous and oral 
contrast did not show signs of anastomotic leakage. This patient died shortly after 
discontinuation of ventilation. Diagnosis of gastroenteric leakage was made at 
autopsy.

Table  4. Treatment and outcome of patients with gastroenteric leakage after pancreatoduodenectomy

Characteristic Patients with 
gastroenteric leakage
(n = 12)

Treatment – No. (%)
  Surgery 7 (58)
    Direct relaparotomy 4
    Relaparotomy after failed percutaneous drainage 3
  Percutaneous drainage alone (successful) 4 (33)
  Conservative/no specific treatment 1 (8)
  Procedures at relaparotomy (N = 7)
    Distal gastrectomy, GJ with Roux-en-Y reconstruction 3
    Distal gastrectomy, GJ without Roux-en-Y reconstruction 2
    New DJ with Roux-en-Y reconstruction* 2
Outcome – No. (%)
  Discharged from hospital 11 (92)
    Median POD of discharge (range) 46 (15 – 89)
  Died in-hospital 1 (8)
Dindo-Clavien classification – No. (%)
  III 3 (25)
  IV 8 (67)
  V 1 (8)

*In one patient, a near-completion pancreatectomy was also performed because of postoperative pancreatic 
fistula.
GJ, gastrojejunostomy; DJ, duodenojejunostomy; POD, postoperative day
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When the Clavien-Dindo classification of complications was applied, all patients 
were graded III or higher: three patients were scored as grade III (requiring an 
intervention), eight patients as grade IV (requiring admission to an Intensive Care 
Unit), and one patient as grade V (death).

DISCUSSION

Gastroenteric leakage after pancreatoduodenectomy is a severe complication, 
which, probably due to its rare nature, has not been described frequently after pancreatic 
surgery.7 In this large consecutive series of PDs, we found a 1.2% gastroenteric leakage 
rate. Two new possibly associated factors were identified: patients with gastroenteric 
leakage had undergone more additional resectional procedures, and besides this, their 
operation time was longer, even when the additional resectional procedures were not 
taken into account. Furthermore, five out of twelve gastroenteric leakage patients had 
prior or concomitant pancreatic fistulas.

Gastroenteric leakage in this series led to several additional complications, longer 
hospital stay, and higher mortality. Its median postoperative day of diagnosis was 
approximately one week after the index operation, and the clinical presentation 
generally consisted of acute abdomen, and the presence of high drain output 
suspicious of gastric content. Radiological examinations revealed pneumoperitoneum 
and free or localized intra-abdominal fluid collections, and in one case oral contrast 
leakage was detected on computed tomography. Most patients were managed by a 
surgical approach; however, four out of twelve patients were managed successfully 
by percutaneous drainage alone. One patient, in whom the correct diagnosis was not 
established during his postoperative course, died in-hospital.

This series adds up to the limited available evidence on gastroenteric leakage after 
PD. Most studies do not report gastroenteric leakage, possibly due to its rare nature 
and because the complication was not prospectively recorded. In the only previous 
study focusing on this complication, Winter and colleagues reviewed a series of 3029 
consecutive PDs to identify 13 patients (0.4%) with gastroenteric leakage.7 The higher 
incidence in the current series may be a result of the retrospective identification of 
patients with gastroenteric leakage. Another explanation may be a higher estimated 
blood loss in this series, which was identified as a risk factor for gastroenteric leakage 
by Winter and colleagues. However, in the current series there was no higher blood 
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loss in patients with gastroenteric leakage, and blood loss was not identified as an 
associated factor. The difference in incidence may also be a consequence of the low 
number of events, and care must be taken not to overinterpret this finding. In their 
2004 randomized controlled trial on PPPD versus Whipple procedures, Tran et al. 
reported a 1.1% gastroenteric leakage rate in a series of 170 PDs, which is more in 
line with the current series.6

Multivariable analysis for the identification of risk factors was not possible due 
to the low number of events. Additional resectional procedures, longer operative 
time, and prior or concomitant pancreatic fistula seem to be associated with a higher 
risk of gastroenteric leakage. Without a proper multivariable logistic regression 
analysis for the identification of independent predictors, it can not be concluded 
that these are true risk factors for gastroenteric leakage, so these results should be 
interpreted with caution. However, a longer duration of operation has been associated 
with anastomotic leakage in other gastrointestinal surgical procedures.12 Pancreatic 
fistulas, and the subsequent presence of aggressive pancreatic juices, are also likely 
to provide a poor environment for anastomotic healing. In the five patients with 
postoperative pancreatic fistula, one patient had already undergone a relaparotomy 
for pancreatic fistula. Traction on the gastroenteric anastomosis during surgery might 
have been related to the occurrence of gastroenteric leakage. In the other four, no 
relationship could be found between the drain placement for pancreatic fistula and the 
development of gastroenteric leakage.

Winter et al. identified three risk factors for gastroenteric leakage by logistic 
regression, although their low number of events do actually not allow for a reliable 
multivariable analysis: these were a preoperative blood urea nitrogen-to-creatinine 
ratio higher than 20, blood loss of one liter or more, and a total pancreatectomy.7 
In the present series, we found no differences in preoperative blood urea nitrogen-
to-creatinine ratio and intraoperative blood loss between patients with and without 
gastroenteric leakage. Since the present series did not include total pancreatectomies, 
we were not able to investigate this possible relation.

The clinical presentation of gastroenteric leakage in this series was comparable to 
that described in the study by Winter et al.7 In their study, most common clinical signs 
included acute abdomen, enterocutaneous fistula and fever.

Compared to leakage of the pancreaticojejunostomy and hepaticojejunostomy, 
gastroenteric leakage is probably best managed by prompt recognition and early, 
aggressive surgical treatment. Therefore, it is important to make an early distinction 
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between gastroenteric leakage and leakage from the pancreaticojejunostomy or 
hepaticojejunostomy, which can usually be managed by percutaneous drainage. Still, 
in the current series, four patients were successfully treated by percutaneous drainage 
as well. Seven out of twelve patients were managed surgically in the current series, 
compared to twelve out of thirteen in the study by Winter et al.7 This difference is 
probably best explained by the different time periods that are examined (1981 – 2007 
compared to 1992 – 2012) and the concurrent ongoing development of interventional 
radiological therapeutic procedures. 

At relaparotomy, most patients underwent additional distal gastrectomy, while in 
some patients a new duodenojejunostomy was created. One could hypothesize that 
the use of the same duodenal stump for a new anastomosis carries along a higher 
risk of renewed leakage. However, the event rate in this series is too low to make a 
comparison between these two strategies.

All patients in the present study were scored grade III or higher in the Dindo-
Clavien classification of complications, reflecting a ‘severe’ complication. In a 
previously published consecutive series of 330 PDs from our institution to whom the 
Dindo-Clavien classification was applied, 40% of patients with a complication were 
graded III or higher; the remaining 60% were classified as grade I or II.13 Together 
with the 8% mortality and the considerable increase in length of hospital stay, this 
reflects the profound influence of gastroenteric leakage on the postoperative course 
of PD patients.

This study is limited by the partially retrospective identification of patients with 
gastroenteric leakage. Although some patients had been scored as having such a leak, 
the complication was not routinely recorded prospectively. Some patients had to be 
identified by careful reexamination of their medical records, radiological examinations 
and operation reports. Because all patients with a suspicious postoperative hospital 
course were carefully reevaluated by the first and senior author and a radiologist, 
we believe that not many patients with a gastroenteric leak were missed, although 
the fact that most leakages occurred in the latter half of the study period, suggests 
the possibility of some underreporting in the early years of the study period. The 
low number of events precluded a reliable multivariable analysis. A strength of the 
current study is that it adds valuable knowledge about the clinical presentation and 
management of gastroenteric leakage to the scarce literature on such leaks after 
pancreatic surgery. Several possibly associated factors were identified, the hospital 
course and outcome of patients with gastroenteric leakage were described in detail, 
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and finally, percutaneous drainage was described as a valuable new asset in the 
treatment of this complication.

In conclusion, the present study shows that gastroenteric leakage is a severe 
complication after PD. Clinical presentation may be comparable to the presentation of 
other anastomotic complications after PD, but high drain output suspicious of gastric 
content may help to differentiate from pancreatic or hepatic anastomotic leakage. 
Awareness of the complication is important for prompt recognition, which is a premise 
for successful management. Although some patients can be managed by percutaneous 
drainage alone, surgical management is indicated in most patients with gastroenteric 
leakage, unlike leakage of the pancreaticojejunostomy or hepaticojejunostomy. Type 
of treatment depends on the index operation (type of resection), time interval to 
diagnosis, clinical situation and extent of anastomotic defect.
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ABSTRACT

Objective: To investigate the relation between perioperative hyperglycemia and 
complications after pancreatoduodenectomy.

Background: Perioperative hyperglycemia is associated with complications 
after various types of surgery. This relation was never investigated for 
pancreatoduodenectomy. 

Methods: In a consecutive series of 330 patients undergoing pancreatoduodenectomy, 
glucose values were collected from the hospital information system during 3 periods: 
pre-, intra-, and early postoperative. The average glucose value per period was 
calculated for each patient and divided in duals according to the median group value. 
Odds ratios (OR) for complications were calculated for the upper versus lower dual, 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and octreotide use. The same procedures were 
carried out to assess the consequences of increased glucose variability, expressed by 
the standard deviation.

Results: Average glucose values were 7.5 (preoperative), 7.4 (intraoperative) and 
7.9 mmol/L (early postoperative). Pre- and intraoperative glucose values were not 
associated with postoperative complications. Early postoperative hyperglycemia (≥ 
7.9 mmol/L) was significantly associated with complications (OR 2.9, 95% confidence 
interval [CI] 1.7-4.9). Overall, high glucose variability was not significantly associated 
with postoperative complications, but early postoperative patients who had both high 
glucose values and high variability had an OR for complications of 3.6 (95%CI 1.9-
6.8) compared to the lower glucose dual.

Conclusions: Early postoperative hyperglycemia is associated with postoperative 
complications after pancreatoduodenectomy. High glucose variability may enhance 
this risk. Future research must demonstrate whether strict glucose control in the early 
postoperative period prevents complications after pancreatoduodenectomy.



Early postoperative hyperglycemia and complications

173

INTRODUCTION

Although mortality of pancreatoduodenectomy (PD) is well fewer than 5% in high-
volume centers, complications occur in up to 50% of patients. Most prevalent surgical 
complications include delayed gastric emptying, leakage of pancreaticojejunostomy 
or hepaticojejunostomy and infectious complications. Complications that are not 
directly related to surgery are mostly of cardiac, pulmonary, or urogenital origin.1-4 

Numerous studies have been carried out to identify risk factors for the development 
of complications after PD. Factors reported to be associated with morbidity after PD 
include high body mass index, diabetes mellitus, high preoperative blood urea nitrogen 
and low preoperative serum albumin, longer duration of surgery, intraoperative blood 
transfusion and a small, nondilated main pancreatic duct.5-11

Higher perioperative glucose levels have been shown to be associated with 
complications after various types of cardiac, general, vascular and orthopedic 
surgery.12-18 This effect is generally attributed to an impaired immune response, in 
combination with an excessive release of stress hormones and inflammatory cytokines 
resulting in diminished insulin action.12,15,17 However, perioperative hyperglycemia 
does not increase postoperative morbidity in all types of surgery: in esophageal 
resection no relation was found between early postoperative hyperglycemia and 
postoperative complications.19

The relation between perioperative glucose levels and postoperative complications 
after PD has never been investigated. Apart from surgical stress hyperglycemia, 
patients undergoing PD might be extra susceptible to disarrangement of glucose 
levels: pancreatic cancer – the main indication for PD – is associated with progressive 
hyperglycemia and (new onset) diabetes mellitus in 20% to 30% of patients before 
diagnosis.20-22 The operation itself involves manipulation and resection of pancreatic 
tissue, and resection of the duodenum, one of the enteric regions where the incretin 
hormone GIP (glucose-dependent insulinotropic polypeptide) is released, which 
assists in maintaining glucose homeostasis. Together, this may render patients 
hyperglycemic.23,24 

Aiming for near-normal glucose levels (4.4 – 6.1 mmol/L) in a surgical intensive 
care unit (ICU) significantly reduced mortality.25 Although subsequent studies on such 
strict glucose control have yielded conflicting results in various populations, it seems 
to reduce mortality and morbidity in surgical intensive care unit (ICU) patients.26 
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Because patients undergoing PD are at risk for hyperglycemia, it seems important 
to establish whether increased perioperative glucose levels are associated with 
poor outcome, especially because strict glucose control may be beneficial in this 
population.26 The aim of the present study was therefore to investigate the association 
of perioperative glucose levels with postoperative complications after PD.

METHODS

PATIENTS AND STUDY OUTLINE
In a consecutive series of 330 patients undergoing elective PD between July 

2000 and December 2006 for suspected pancreatic or periampullary malignancy, 
clinicopathologic data, demographics and postoperative outcomes were prospectively 
registered. Glucose values were analyzed retrospectively. Because the present study 
involved a retrospective analysis of anonymized data, the Dutch Ethical Review 
Board regulations do not require informed consent.

SURGICAL PROCEDURE 
The standard surgical procedure was the pylorus-preserving PD with removal 

of lymph nodes at the right side of the portal vein, as earlier described.27 In case 
of tumor ingrowth in pylorus or duodenum, a classic Whipple’s resection was 
performed. If minimal tumor ingrowth in the portal or superior mesenteric vein 
was found, a segmental or wedge resection was carried out.28 Reconstruction was 
performed by retrocolic hepaticojejunostomy and pancreaticojejunostomy and 
retrocolic or antecolic duodenojejunostomy, without Roux-en-Y reconstruction. One 
silicone drain was left in the foramen of Winslow near the hepaticojejunostomy and 
pancreaticojejunostomy.27 Feeding jejunostomy was not standard.29 Octreotide was 
routinely administered for 7 days until 2002, and afterwards on indication of soft 
pancreatic tissue or small pancreatic duct. Postoperatively, patients stayed at the 
recovery room until the morning of the first postoperative day, before returning to 
the surgical ward.

Perioperative glucose control occurred at the discretion of the treating 
anesthesiologist. No specific treatment algorithm was used, but in general, the insulin 
dosage was proportionate to the degree of hyperglycemia. This can be considered a 
sliding scale approach. The only insulin administered in the perioperative period was 
regular insulin, intravenously.
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MEASURES OF GLUCOSE
The most recent venous plasma glucose level within 4 months before surgery 

was collected from the clinical information system or patient chart. Details about 
fasting or nonfasting state were mostly unknown. All available intraoperative and 
early postoperative glucose values (from the end of operation until the end of the 
first postoperative day) were collected. During surgery and in the early postoperative 
period, all blood glucose values were fasting. They were measured by a blood gas/
pH analyzer (Ciba Corning 865, Chiron Diagnostics, Medford, MA, USA) in blood 
samples obtained from an arterial catheter and automatically stored in the hospital 
information system. We calculated the mean intraoperative and early postoperative 
glucose value per patient. Furthermore, as a measure of glucose variability, the 
standard deviations (SD) of intraoperative and early postoperative glucose values in 
each patient were calculated.

OUTCOME MEASURES
Primary outcome measure was whether the patient experienced any postoperative 

complication. All surgical complications and nonsurgical complications were 
taken into account. Secondary outcome measures were the occurrence of a surgical 
complication, the occurrence of an infectious complication, a score of IIIa or higher 
in the Dindo-Clavien classification of complications, delayed gastric emptying 
and pancreaticojejunostomy leakage (grade B or C according to the International 
Study Group of Pancreatic Surgery criteria), relaparotomy, admission to intensive or 
medium care unit or readmission to the recovery room, length of hospital stay, and 
hospital readmission within 30 days.30-32 

STATISTICAL ANALYSIS
Results are presented as mean ± SD or median with interquartile range (IQR) 

depending on the distribution of the data. 
All glucose variables (the preoperative value, mean and SD of intraoperative and 

early postoperative values) were divided into duals of equal group size according to the 
median group value. Using multivariate binary logistic regression, we calculated odds 
ratios (OR) for all dichotomous outcome measures for patients in the upper versus the 
lower dual (i.e., patients above the median group value vs patients below the median 
group value). Correlation with length of hospital stay (Natural log [Ln]-transformed) 
was calculated using linear regression. Calculations were carried out separately for 
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each period (preoperative, intraoperative and early postoperative). Analyses were 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and octreotide use. Analyses of SD were also 
adjusted for the mean glucose value in the respective period. 

Finally, secondary outcomes analyses were corrected for multiple testing 
according to Benjamini and Hochberg.33 P-values less than 0.05 were considered 
statistically significant. All analyses were performed in SPSS version 16.0 (SPSS Inc, 
Chicago, IL, USA).

RESULTS

PATIENT POPULATION
Patient and operative characteristics are summarized in Table 1. Mean age of the 

cohort was 62 (SD 12); 56% were men and 16% had diabetes mellitus. A preoperative 
glucose value was available in 79% of patients. At least one intraoperative glucose 
value was available in 97% of patients and at least one early postoperative glucose 
value was available in 99% of patients (Table 2). Mean preoperative glucose 
was 7.5 (SD 4.2) mmol/L and mean intraoperative glucose 7.4 (SD 1.9) mmol/L. 
Intraoperative insulin was administered in 14% of patients. During stay at recovery, 
mean glucose was significantly higher as compared to the intraoperative period: 7.9 
(SD 1.5) mmol/L versus 7.4 (SD 1.9) mmol/L (P < 0.001, paired t-test, Figure 1).

Postoperative morbidity was 58%. Surgical complications occurred in 48% 
of patients; most prevalent complications were delayed gastric emptying and 
pancreaticojejunostomy leakage (Table 3); 83 patients (25%) had a complication of 
grade IIIa or higher in the Dindo-Clavien classification (Table 4). There were no 
significant differences in complications in patients with or without diabetes (Table 5).
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Table 1. Baseline and operative characteristics of 330 patients undergoing pancreatoduodenectomy 
in the period July 2000 – December 2006

Characteristic Patients undergoing PD  
(n = 330) 

Patient variables
Age (years), mean ± SD 62.3 ± 12
Male gender – No. (%) 185 (56)
ASA classification – No. (%)
  I 58 (18)
  II 209 (63)
  III/IV 63 (19)
Bode mass index – No. (%)*
  Underweight (< 18.5) 19 (6)
  Normal weight (18.5 – 24.9) 173 (52)
  Overweight (25 – 29.9) 120 (36)
  Obese (≥ 30) 18 (6)

Diabetes mellitus – No. (%) 53 (16) 

Underlying disease – No. (%)
  Pancreatic adenocarcinoma 103 (31)
  Ampullary adenocarcinoma 77 (23)
  Distal CBD adenocarcinoma 43 (13)
  Other (pre)malignant 58 (18)
  Chronic pancreatitis 32 (10)
  Other benign 17 (5)
Treatment variables
Operative time (minutes), median (IQR) 280 (96.5)
Blood transfusions – No. (%)
  None 259 (78)
  1 – 3 59 (18)
  4 or more 12 (4)
Pylorus preserved – No. (%) 299 (91)
*Body-mass index is the weight in kilograms divided by the square of the height in 
meters.
ASA, American Society of Anesthesiologists; SD, standard deviation; CBD, common 
bile duct; IQR, interquartile range
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Table 2. Perioperative glucose values of 330 patients undergoing pancreatoduodenectomy

Moment of sampling Patients undergoing PD 
(n = 330)

Preoperative 
  Preoperative value available – No. (%) 259 (79)
  Preoperative value (mmol/L), mean ± SD 7.5 ± 4.2
Intraoperative    
  At least 1 value available – No. (%) 320 (97)
  > 1 value available – No. (%) 263 (80)
  No. of samples per patient, mean ± SD 2.9 ± 1.6
  Intraoperative value (mmol/L), mean ± SD 7.4 ± 1.9
  Standard deviation, mean ± SD 1.0 ± 1.2
Early postoperative
  At least 1 value available – No. (%) 329 (100)
  > 1 value available – No. (%) 328 (99)
  No. of samples per patient, mean ± SD 4.3 ± 1.9
  Postoperative value, mean ± SD 7.9 ± 1.5
  Standard deviation, mean ± SD 1.1 ± 0.9
SD, standard deviation

Figure 1. Mean pre-, intra-, and early postoperative glucose levels
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Table 3. Postoperative complications and other outcomes in 330 patients undergoing 
pancreatoduodenectomy

Outcome Patients undergoing 
PD (n = 330) 

Complications – No. (%)

  Any complication 191 (58)

  Surgical complications 158 (48)

    Delayed gastric emptying* 99 (30)

    Pancreaticojejunostomy leakage* 52 (16)

    Postpancreatectomy hemorrhage* 17 (5)

    Hepaticojejunostomy leakage 11 (3)

    Intra-abdominal abscess (without PJ- or HJ-leakage) 10 (3)

    Wound infection 43 (13)

    Other 45 (14)

  Non-surgical complications 97 (29)

    Pneumonia 17 (5)

    Other pulmonary 21 (6)

    Cardiac 25 (8)

    Urinary tract infection 45 (14)

    Other 31 (9)

  Infectious complications 140 (42)

Other outcomes

  In-hospital mortality – No. (%) 7 (2)

  Reoperation – No. (%) 22 (7)

  Admission to ICU/MC or readmission to recovery room – No. (%) 42 (13)

  Length of hospital stay (days), median (IQR) 12 (9-21)

  Hospital readmission within 30 days 29 (9)

*According to the International Study Group of Pancreatic Surgery definition, grade B or C.
PD, pancreatoduodenectomy; PJ, pancreaticojejunostomy; HJ, hepaticojejunostomy; ICU, intensive care unit; 
MC, medium care unit; IQR, interquartile range
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Table 4. Classification of 330 patients undergoing pancreatoduodenectomy according to the 
Clavien-Dindo classification of complications

Clavien-Dindo grade – No. (%) Patients undergoing 
PD (n = 330) 

0 – No complication 121 (37)
I – No pharmacologic treatment or intervention needed* 21 (6)
II – Requiring pharmacological treatment† 105 (32)
IIIa – Requiring intervention – not under general anesthesia 35 (11)
IIIb – Requiring intervention – under general anesthesia 3 (1)

IVa – Life-threatening complication requiring MC/IC management, single 
organ dysfunction 34 (10)

IVb – As IVa, but with multiple organ dysfunction 3 (1)
V – Death 8 (2)
*Allowed: antiemetics, antipyretics, analgetics, diuretics, electrolytes, physiotherapy, and wound infections 
opened at the bed side.
†Includes blood transfusions and total parenteral nutrition.
MC, medium care; IC, intensive care

Table 5. Distribution of glucose levels and complications after 330 pancreatoduodenectomies in 
patients without diabetes and patients with diabetes

Preoperative
– mean ± SD

Intraoperative
– mean ± SD

Early postoperative
 – mean ± SD

Any complication 
– No. (%)* 

No diabetes
(n = 277) 6.5 ± 2.1 7.1 ± 1.4 7.9 ± 1.4 165 (59.6)

Diabetes
(n = 53) 11.5 ± 7.2 8.7 ± 3.3 8.2 ± 2.1 26 (49.1)

*χ2 test for between-group difference in any complication: P = 0.16.
Glucose values in mmol/L; SD, standard deviation

PERIOPERATIVE GLUCOSE VALUES AND POSTOPERATIVE COMPLICATIONS
Preoperative and mean intraoperative glucose values were not associated with 

the occurrence of a postoperative complication (Figure 2). In the early postoperative 
period, a higher mean glucose (≥ 7.8 mg/dL) was significantly associated with 
postoperative complications (OR 2.9, 95% confidence interval [CI], 1.7-4.9) (Figure 
2). A receiver-operator-characteristic curve showed that a cutoff point of 7.8 mmol/L 
was the best discriminative value for the occurrence of a postoperative complication, 
with a sensitivity of 0.58 and a specificity of 0.63 (curve not shown).
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Figure 2a. Odds Ratios (OR) for all outcomes comparing patients with a preoperative glucose above 
the median group value (≥ 6.30 mmol/L) with patients with a preoperative glucose below the median 
group value (< 6.30 mmol/L). After correction for multiple testing, none of the ORs were significant 
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room

Figure 2b. Odds Ratios (OR) for all outcomes comparing patients with a mean intraoperative 
glucose above the median group value (≥ 7.06 mmol/L) with patients with a mean intraoperative 
glucose below the median group value (< 7.06 mmol/L). After correction for multiple testing, none 
of the ORs were significant
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room
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Figure 2c. Odds Ratios (OR) for all outcomes comparing patients with a mean early postoperative 
glucose above the median group value (≥ 7.78 mmol/L) with patients with a mean early 
postoperative glucose below the median group value (< 7.78 mmol/L). P-values are adjusted for 
multiple testing.
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room

High glucose variability during operation or in the early postoperative period 
was not associated with the occurrence of a postoperative complication. Patients 
in the upper dual for both mean glucose value and glucose variability in the early 
postoperative period had an OR for the development of a postoperative complication 
of 3.6 (95% CI, 1.9-6.8) compared to the lower glucose dual.

SECONDARY OUTCOME MEASURES
Preoperative and mean intraoperative glucose values were not associated with any 

of the secondary outcome measures (Figure 2). A higher mean early postoperative 
glucose value was significantly associated with surgical and infectious complications 
(ORs 2.0, 95% CI, 1.2-3.2, and 2.3, 95% CI, 1.4-3.8, respectively), delayed gastric 
emptying (OR 2.1, 95% CI, 1.2-3.7), a Dindo-Clavien complication score of at 
least III (OR 2.3, 95% CI, 1.3-4.3), and relaparotomy (OR 6.1, 95% CI, 1.6-24.1). 
Length of stay was 1.2 days (95% CI, 1.1-1.4, P = 0.01) longer in the upper dual. 
High glucose variability intraoperatively or in the early postoperative period was not 
associated with any of the secondary outcome measures.  
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DISCUSSION

In this study, we show that early postoperative hyperglycemia (≥ 7.8 mmol/L) 
after pancreatoduodenectomy is significantly associated with the development of 
a postoperative complication, possible confounders taken into account. This was 
reflected by a higher risk of surgical and infectious complications, delayed gastric 
emptying, a Dindo-Clavien complication score of III or more, and relaparotomy. 
Also length of stay was significantly longer in these patients. When elevated early 
postoperative glucose was accompanied by high glucose variability, the risk of a 
postoperative complication seemed to increase. These novel findings were all 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and use of octreotide. Mean glucose levels 
before and during PD were comparable and significantly lower as compared to early 
postoperative levels. Elevated preoperative and intraoperative glucose and higher 
glucose variability were not associated with the development of complications.

Our findings that early postoperative higher glucose levels are associated with 
complications after PD are in line with previous studies investigating this relation 
in other types of surgery. Ramos et al. identified postoperative hyperglycemia as a 
significant risk factor for postoperative infections in general and vascular surgery.13 
Vriesendorp et al. observed an OR of 5.1 (95% CI, 1.6-17.1) for postoperative 
infections when early postoperative glucose values were 8.4 mmol/L or above in 
peripheral vascular surgery.12 Also the seemingly additional detrimental effect of high 
glucose variability was described before in populations of critically ill and surgical 
intensive care unit patients.34,35

Although it is difficult to elucidate whether hyperglycemia results from 
postoperative complications or indeed contributes to their development, we believe 
the latter mechanism might be most plausible, but should be proven in the future 
by early regulation and control. As the increase in glucose levels preceded the 
development of complications and possible confounders were accounted for in the 
analyses, a causal relation between elevated glucose levels postoperatively and the 
development of complications is suspected.

Early postoperative hyperglycemia was associated with the most prevalent 
complication in our cohort, delayed gastric emptying. Besides being a common 
complication after pancreatoduodenectomy, gastroparesis is a well-known 
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complication of longstanding diabetes mellitus. It has also been associated with 
acute hyperglycemia.36 Considering the largely unknown etiology of delayed gastric 
emptying after PD, the association of this complication with early postoperative 
hyperglycemia may be of importance.

Several explanations for the harmful effects of both stress hyperglycemia and 
glucose variability have been proposed, such as glucose toxicity and oxidative stress, 
stimulating intracellular pathways that lead to detrimental tissue effects such as 
mitochondrial dysfunction and immune dysregulation.22,37 Although the application 
of strict glucose control has led to conflicting results in a variety of populations, a 
recent meta-analysis suggests that surgical ICU patients benefit from strict glucose 
control.26 Okabayashi et al. recently showed that strict control of perioperative blood 
glucose after pancreatic resection is possible, and may reduce postoperative infection 
rates.38,39

We found that in PD, intraoperative glucose levels were comparable to preoperative 
levels, and that pre- and intraoperative glucose values and variability were not a risk 
factor for postoperative complications after PD. Intraoperative glucose values have 
earlier been described as risk factor for adverse outcomes in cardiac surgery and liver 
transplantation.14,15,40,41 Contrary to PD, these operations involve substantial ischemia 
and reperfusion injury, which may explain these seemingly contradictory different 
findings.  

Interestingly, the mean glucose in patients with diabetes decreased after surgery 
as compared to the intraoperative values, indicating a different glucose response to 
surgery. Diabetic patients did not have more complications than nondiabetic patients 
in our series, whereas diabetes mellitus has been described as a risk factor for intra-
abdominal complications after PD.8 Our cohort was, however, too small to draw firm 
conclusions about the diabetes subpopulation.

Using a receiver-operator-characteristic curve analysis we found that the cutoff 
value of 7.8 mmol/L early postoperatively was the most discriminatory value when 
predicting complications. This was comparable to our population mean and median 
value. Perhaps not coincidentally, normal healthy participants will not peak above 
7.8 mmol/L when challenged with oral glucose, supporting the strength of this cutoff 
value.42

Our study was limited by the retrospective collection of glucose values. 
Preoperative values were not available in 21% of patients. However, postoperative 
morbidity in these patients was not different from patients who did have a preoperative 
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value available (59% versus 58%, data not shown). Glucose sampling was not 
standardized, leading to differences in timing, amount, and indication of glucose 
samples. To minimize these sources of error, the average glucose value per period 
was taken. Also, intraoperative and postoperative glucose values were available 
in nearly all patients, showing that frequent perioperative sampling was common, 
irrespective of the condition of the patient. 

Our study is the first to investigate the effect of perioperative glucose levels 
in this specific patient group with pancreatic disease. It was performed in a large 
consecutive series of elective patients. Patient characteristics and hospital course 
were prospectively scored.

In conclusion, early postoperative glucose levels of at least 7.8 mmol/L are 
significantly associated with postoperative complications after PD. The identification 
of this risk factor for complications after PD is an important first step. Its relevance 
must be clarified in future studies on the underlying mechanisms and pathways of 
this relation. Treatment of hyperglycemia is possible and strict glucose control may 
be favorable in surgical patients.26 A randomized clinical trial should be conducted 
to investigate whether a strategy of strict glucose control in the early postoperative 
period is beneficial in this patient group.
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SUMMARY

This thesis studied factors that determine the outcome of pancreatic surgery, 
thereby addressing the diagnostic work-up, surgical treatment and postoperative 
care of patients with pancreatic cancer. The core of the thesis focused on the most 
prevalent complication after pancreatoduodenectomy, delayed gastric emptying.

In the first part of the thesis, preoperative determinants of outcome were 
investigated. In chapter 2 the place of the staging laparoscopy in the diagnostic 
work-up of pancreatic cancer patients was evaluated. We aimed to identify potentially 
resectable patients with a high risk of intraoperatively encountered distant metastasis, 
in whom staging laparoscopy could preclude a nontherapeutic laparotomy. By 
performing regression analysis on a consecutive series of patients with and without 
distant metastasis encountered during explorative laparotomy, we identified the 
following key predictors for distant metastasis: tumor size on computed tomography 
(odds ratio [OR] 1.43, 95% confidence interval [CI] 1.16-1.76 per millimetre 
increase), weight loss (OR 1.28, 95% CI 1.01-1.63 per doubling of the kilograms 
lost), and history of jaundice (OR 2.36, 95% CI 0.79-7.06). In patients with a tumor 
larger than three centimeters who had lost more than 10 kilograms, and in patients 
with a tumor larger than four centimeters who had lost more than 5 kilograms, the 
proportion of patients with distant metastasis was more than 40%. In these patient 
groups a staging laparoscopy might be beneficial.

In chapter 3, we investigated the effect of the therapeutic delay associated with 
preoperative biliary drainage (PBD) on survival. In this follow-up study of a multi-
center trial comparing PBD with early surgery, only patients with malignancies 
were included. Multivariable Cox regression analyses were performed to evaluate 
the prognostic role of time to surgery for overall survival. Median times from 
randomization to surgery were 1.2 (interquartile range [IQR] 0.9-1.5) in the early 
surgery group and 5.1 (IQR 4.8-5.5) weeks in the PBD group. Median survival from 
time of randomization was 12.2 (IQR 9.1-15.4) months in the early surgery group 
versus 12.7 (IQR 8.9-16.6) months in the PBD group (P = 0.91). We found that 
the delay in surgery associated with PBD does not impair or benefit survival rate. 
The original trial’s conclusions remain valid, but this study showed that when early 
surgery is not feasible, a strategy with PBD can be followed without compromising 
longterm survival.
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In chapter 4 we correlated preoperative symptoms of gastric outlet obstruction to 
delayed gastric emptying (DGE) after pancreatoduodenectomy, in order to identify 
high-risk patients who could profit from intraoperative placement of a feeding tube. 
In a consecutive series of 401 pancreatoduodenectomies, 133 patients (33%) had 
clinically relevant DGE, and 119 patients (30%) required insertion of a feeding tube 
postoperatively. Patients with two or more of the following symptoms of gastric 
outlet obstruction: nausea, vomiting, loss of appetite, postprandial complaints, and 
dysphagia, developed DGE significantly more often, and had significantly more 
feeding tubes inserted. In multivariable logistic regression analysis, the presence of 
two or more of these symptoms was a significant predictor of DGE (OR 3.1, 95% 
CI 1.7-5.8) and the need for insertion of a feeding tube (OR 3.1, 95% CI 1.7-5.7). In 
these patients, intraoperative placement of a feeding tube should be considered.

In the second part of the thesis, the influence of several intraoperative findings 
and decisions on surgical outcome was investigated. In chapter 5, the association 
between route of gastroenteric anastomosis (retrocolic or antecolic) and the incidence 
of DGE after pancreatoduodenectomy was investigated in a consecutive series 
from the Academic Medical Center. We included 154 patients, of whom 50% had 
a retrocolic reconstruction, and 50% an antecolic reconstruction. The antecolic 
reconstruction was mostly performed in the most recent years of the study period. 
DGE of any grade occurred in 58% in the retrocolic group, versus 52% in the antecolic 
group (not statistically significant). ‘Primary’ DGE (without other intra-abdominal 
complications) occurred in 36% of patients in the retrocolic group, compared to 20% 
in the antecolic group. However, in multivariable logistic regression analysis, the 
route of gastroenteric reconstruction was not associated with primary DGE. There 
were no differences in any of the secondary outcomes, such as other complications 
and length of hospital stay. We concluded that a well-powered randomized controlled 
trial was required to truly clarify the question whether an antecolic route leads to a 
lower DGE incidence.

This multi-center, randomized controlled trial was subsequently carried out, and 
its results are presented in chapter 6. In ten middle- to high-volume centers in the 
Netherlands, patients undergoing pancreatoduodenecetomy were randomized between 
a retrocolic and antecolic gastroenteric anastomosis. 246 Patients were included, of 
whom 125 were allocated to the retrocolic group, and 121 to the antecolic group. 
There was no significant difference in the primary outcome parameter: clinically 
relevant DGE occurred in 45 patients (36%) in the retrocolic group, versus 41 (34%) 
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in the antecolic group (absolute risk difference: 2.1%, 95% CI -9.8% to 14%). There 
were no significant differences in need for postoperative (par)enteral nutritional 
support, other complications, hospital mortality, and median length of hospital stay. 
Therefore, we believe that the gastroenteric anastomosis in pancreatoduodenectomy 
should be routed according to the surgeon’s preference.

In chapter 7, we investigated gastric emptying rate at scintigraphy and quality 
of life in patients who participated in the trial in the Academic Medical Center. 73 
Patients were included, 38 in the retrocolic group, and 35 in the antecolic group. Just 
like in the original trial, there was no difference in DGE or any other clinical outcome. 
Gastric emptying speed at scintigraphy was not significantly different between the 
two groups. The results of the gastric emptying scintigraphy correlated with clinical 
grade of DGE: of nineteen patients with no delayed emptying at scintigraphy, only 
three developed clinically relevant DGE. Quality of life did not differ between the 
retrocolic and antecolic group. There was a general decline in quality of life two weeks 
postoperatively, which had returned to preoperative levels 12 weeks after surgery. 
Two weeks postoperatively, patients with DGE had significantly worse quality of life 
than patients without DGE; this is the first time that the burden on quality of life of 
DGE has been demonstrated.

In chapter 8, we described the incidence and consequences of a vascular anomaly 
that is commonly encountered during pancreatoduodenctomy: an aberrant right hepatic 
artery (aRHA). In a consecutive series of 790 pancreatoduodenectomies, aRHA was 
encountered in 143 patients (19%). In 130 patients (91%), the aRHA was preserved 
without damage. In the remaining 13 patients, two had postoperative complications 
that may have been related to sacrifice of the aRHA, namely hemorrhage and an 
intra-abdominal abscess in the right upper quadrant. Overall, postoperative morbidity 
was not higher in patients with an aRHA. Long term survival in aRHA patients with 
a malignant diagnosis at pathology was not compromised.

The third part of the thesis described the consequences of some postoperative 
factors after pancreatoduodenectomy. In Chapter 9, we described the clinical 
presentation, treatment and outcome of leakage of the gastroenteric anastomosis. 
In a consecutive series of 1036 pancreatoduodenectomies, this complication was 
encountered in 12 (1.2%) patients. The low number of events precluded a reliable 
multivariable regression analysis for risk factors, but the complication seemed to be 
associated with postoperative pancreatic fistula and longer operation time. Median 
postoperative day of diagnosis was 8 (range 2 – 23). Clinical presentation was mostly 
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with tender abdomen and high drain output suspicious of gastric content. Seven 
patients (58%) were treated surgically, four (33%) by percutaneous drainage, and one 
patient underwent no specific treatment due to his poor clinical condition and died 
in-hospital, resulting in a hospital mortality of 8%.

In chapter 10, the correlation between perioperative hyperglycemia and 
glucose variability and complications was investigated in a series of 330 
pancreatoduodenectomies. Average glucose values were 7.5 (preoperative), 7.4 
(intraoperative), and 7.9 mmol/L (early postoperative). There was no association 
between pre- and intraoperative glucose levels and complications. Early 
postoperative hyperglycemia (≥ 7.8 mmol/L), however, was significantly associated 
with complications (OR 2.9, 95% CI 1.7-4.9). High glucose variability alone was 
not associated with complications, but in the early postoperative period, a high 
glucose variability seemed to enhance the risk of hyperglycemia: patients with both 
high glucose values and high glucose variability in the early postoperative period, 
had an OR for complications of 3.6 (95% CI 1.9-6.8) compared to patients without 
hyperglycemia.

FUTURE PERSPECTIVES
 
The results in this thesis contribute to the everlasting process of improving, refining 

and renovating surgical care for patients with pancreatic cancer – a process that begun 
more than a century ago with reports from experts in the field, and is continued until 
today with large clinical trials. This thesis contains results from randomized controlled 
trials and from studies performed in the prospectively maintained pancreatic surgery 
database of the Academic Medical Center, a high-volume, tertiary referral center 
for patients with hepatopancreatobiliary disorders. The studies in this thesis provide 
answers on longstanding discussion points, but they also bring along new questions. 
This section contemplates on the future directions of surgery for pancreatic cancer.

The core of the thesis focused on the most prevalent complication after 
pancreatoduodenectomy: delayed gastric emptying. The most important matter of 
debate that has been resolved, is the role of the route of the gastroenteric anastomosis 
– we have clearly shown that this factor does not influence the incidence of DGE, 
or any other complication. Further studies on the etiology of DGE are needed. The 
importance of a better understanding of DGE was recently emphasized by two 
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randomized controlled trials on the pancreaticoenteric anastomosis, randomizing 
between pancreaticogastrostomy and pancreaticojejunostomy.1,2 In both trials there 
was a significantly lower rate of pancreatic fistula after pancreaticogastrostomy. 
Pancreatoduodenectomy may therefore shift towards standard use of 
pancreaticogastrostomy; however, in one of the trials, this was accompanied by 
almost a doubling of primary DGE. In the Academic Medical Center, we have set up 
a cohort study that investigates whether local inflammation in the area of the stomach 
and gastroenteric anastomosis contributes to DGE, in DGE patients without clinical 
signs of infection. Positron emission tomography and computed tomography (PET/
CT) with [18F]-fluorodeoxyglucose labelled white blood cells is used to detect focal 
sites of inflammation. Follow-up studies aiming at external validation are needed 
to evaluate the significance of preoperative symptoms of gastric outlet obstruction. 
Further studies on surgical techniques to prevent DGE should be performed in the 
setting of randomized controlled trials. In this field, we await the results of the 
PROPP-study, randomizing patients between pylorus resection and preservation.3 The 
development of the consensus definition of DGE by the International Study Group 
of Pancreatic Surgery has been a big step forward for uniformity in the reporting of 
DGE.4 However, the definition is strict, in the sense that any nasogastric intubation 
beyond the third postoperative day should be regarded as DGE, and does not take 
into account underlying complications that may cause DGE. When reporting DGE, 
we would advocate to include a distinct account of clinically relevant DGE (grade 
B or C), and ‘primary’ DGE (occurring in the absence of other intra-abdominal 
complications).

With regard to the preoperative diagnostic work-up, staging laparoscopy may be 
applied in patients with high risk of distant metastasis to preclude nontherapeutic 
laparotomies. In the light of the increasing application of neoadjuvant therapies, 
staging laparoscopy may also be of help in identifying patients who may benefit from 
neoadjuvant treatment, together with other promising new adjuncts that help outline 
personalized treatment schemes, such as the assessment of tumor biology by use 
of biomarkers like CA19-9 (higher levels are associated with worse prognosis), or 
SMAD4 gene status (loss of SMAD4 expression is associated with worse survival).5,6 
Selected patients with suspected aggressive resectable tumors may be offered 
neoadjuvant therapy to control micrometastatic disease. Another question that 
remains, is what would be the best palliation for patients with metastatic disease 
encountered during staging laparoscopy. A previous randomized study showed better 
survival in patients with surgical palliation than in endoscopically palliated patients.7 
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Taking into account the progress in recent years in endoscopy and laparoscopy, a new, 
well-powered randomized trial randomizing between endoscopic and (laparoscopic) 
surgical palliation should answer this question.

We have shown that the therapeutic delay associated with preoperative biliary 
drainage in patients with a pancreatic head tumor does not compromise survival. 
Others even suggest a survival benefit of relieving jaundice.8 This means that in 
patients who are unfit for early surgery, due to cholangitis, logistical reasons, or 
because neoadjuvant therapy is scheduled, PBD can safely serve as a bridge to 
surgery without affecting survival. This underscores the necessity of lowering the 
complication rate of PBD. Retrospective studies have already shown that metal stents 
yield better results than plastic stents in patients awaiting operation for a pancreatic 
head tumor.9.10 We are now prospectively evaluating the performance of metal stents 
in patients with pancreatic head tumors who are candidates for surgery in the STENT 
trial (Netherlands Trial Register registration number NTR3142).

With the evolving of surgical techniques, tumor ingrowth at the confluence of the 
portal and superior mesenteric veins is no longer considered a contra-indication for 
resection. If necessary, venous resection in order to obtain negative margins should 
be undertaken whenever possible. In the intraoperative assessment of resectability, 
this has led to a shift in emphasis from vein to artery: the ‘artery first’ approach. This 
implies that after the exclusion of distant metastasis, local exploration is directed 
towards assessment of superior mesenteric artery involvement. A recent review 
showed that at least six different approaches to the superior mesenteric artery have 
been described, each with their own advantages.11 Given the high prevalence of 
hepatic arterial variations that we found, and the importance of preoperative planning, 
we suggest that radiologists should include hepatic arterial anatomy in their standard 
preoperative imaging reports.

In the final chapter, emphasis shifted to a whole new culprit in the field of 
postoperative morbidity after pancreatoduodenectomy: hyperglycemia. The underlying 
mechanisms of the findings in this chapter must be further clarified; practically, the 
next question that comes to mind, is whether correction of hyperglycemia in the 
early postoperative period leads to lower morbidity. This should be investigated in 
a randomized controlled trial on strict versus conventional glucose control. We have 
made a first step by designing a feasibility study, investigating whether a strategy of 
strict glucose control is effective in lowering early postoperative glucose levels after 
pancreatoduodenectomy.
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In conclusion, this thesis offers implications for clinical practice and starting 
points for further research in the field of pancreatic surgery. New studies on surgical 
techniques should preferably be performed in the setting of multi-center, randomized 
controlled trials. Close collaboration between hospitals is an important premise for 
success; in the Netherlands, we are blessed with a longstanding tradition in multi-
center trials, of which chapters 3 and 6 of this thesis are perfect examples. Further 
organization of the pancreatic field into collaborations like the recently established 
Dutch Pancreatic Cancer Group, will help creating the right conditions for new high-
quality trials.
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SAMENVATTING

In dit proefschrift werden factoren bestudeerd die van invloed zijn op 
de uitkomsten van pancreaschirurgie, met aandacht voor de preoperatieve 
diagnostiek, de chirurgische behandeling en postoperatieve zorg voor patiënten met 
alvleesklierkanker. Centraal in het proefschrift staat één van de meest voorkomende 
complicaties na pancreatoduodenectomie, vertraagde maagontlediging.

In het eerste deel van het proefschrift worden preoperatieve factoren onderzocht. 
In hoofdstuk 2 werd de plaats van de diagnostische laparoscopie in het preoperatieve 
diagnostische traject geëvalueerd. Het doel was om patiënten te identificeren met een 
mogelijk resectabele tumor in de pancreaskop, met een hoog risico op peroperatief 
ontdekte afstandsmetastasen, bij wie een niet-therapeutische laparotomie voorkomen 
zou kunnen worden door eerst een diagnostische laparosocpie te verrichten. Door 
middel van logistische regressie-analyse in een opeenvolgende serie patiënten 
met of zonder afstandsmetastasen tijdens proeflaparotomie, werden de volgende 
risicofactoren voor afstandsmetastasen geïdentificeerd: tumorgrootte op CT-scan 
(odds ratio [OR] 1.43, 95% betrouwbaarheidsinterval [BI] 1.16-1.76 per millimeter 
toename), gewichtsverlies (OR 1.28, 95% BI 1.01-1.63 per verdubbeling van het 
gewichtsverlies in kilogrammen), en geelzucht (OR 2.36, 95% BI 0.79-7.06). 
Bij patiënten met een tumor groter dan drie centimeter en meer dan 10 kilogram 
gewichtsverlies, en bij patiënten met een tumor groter dan vier centimeter en meer dan 
5 kilogram gewichtsverlies, was het aandeel van patiënten met afstandsmetastasen 
groter dan 40%. Bij deze patiënten zou een diagnostische laparoscopie van waarde 
kunnen zijn.

In hoofdstuk 3 onderzochten we het effect van het uitstel van de operatieve 
behandeling dat is geassocieerd met preoperatieve galwegdrainage op de overleving. 
In deze vervolgstudie van een multi-center trial die preoperatieve galwegdrainage 
vergeleek met vroege chirurgie, werden alleen patiënten met een maligniteit 
geïncludeerd. Met multivariabele Cox regressie analyses werd de prognostische 
betekenis van de wachttijd tot operatie op de overleving onderzocht. De mediane 
duur vanaf randomisatie tot operatie was 1.2 weken (interkwartielafstand 0.9-1.5) 
in de ‘vroege chirurgie’ groep, en 5.1 (interkwartielafstand 4.8-5.5) in de ‘drainage’ 
groep. De mediane overlevingsduur in deze twee groepen was respectievelijk 12.2 
(interkwartielafstand 9.1-15.4) maanden en 12.7 (interkwartielafstand 8.9-16.6) 
maanden (P = 0.91). Het uitstel van operatie dat met preoperatieve galwegdrainage 
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gepaard gaat, had geen invloed op de overlevingsduur. De conclusies van de 
oorspronkelijke trial blijven valide, maar deze studie laat wel zien dat wanneer vroege 
operatie niet haalbaar is, een strategie met preoperatieve galwegdrainage gevolgd kan 
worden zonder de overleving negatief te beïnvloeden.

In hoofdstuk 4 onderzochten we de correlatie tussen preoperatieve symptomen 
van maagobstructie en vertraagde maagontlediging na pancreatoduodenectomie, met 
als doel het identificeren van patiënten met een hoog risico op deze postoperatieve 
complicatie, die zouden kunnen profiteren van peroperatieve plaatsing van een 
voedinssonde. In een opeenvolgende serie van 401 pancreatoduodenectomieën, 
hadden 133 (33%) patiënten klinisch relevante vertraagde maagontlediging, en 119 
(30%) patiënten hadden plaatsing van een voedingssonde nodig. Patiënten met twee 
of meer van de volgende symptomen van maagobstructie: misselijkheid, overgeven, 
anorexie, postprandiale klachten, en dysfagie, hadden significant vaker vertraagde 
maagontlediging, en hadden ook significant vaker een voedingssonde nodig. In 
multivariabele logistische regressie-analyse bleek de aanwezigheid van twee of meer 
van deze symptomen een significante voorspeller van vertraagde maagontlediging 
(OR 3.1, 95% BI 1.7-5.8) en de noodzaak van het inbrengen van een voedingssonde 
(OR 3.1, 95% BI 1.7-5.7). In deze groep patiënten zou peroperatieve plaatsing van 
een voedingssonde overwogen moeten worden.

In het tweede deel van het proefschrift werd de invloed van peroperatieve 
bevindingen en beslissingen op de uitkomst van de operatie onderzocht. In 
hoofdstuk 5 werd het verband onderzocht tussen de route van de gastro-enterische 
anastomose (ante- of retrocolisch) en het optreden van vertraagde maagontlediging na 
pancreatoduodenectomie, in een opeenvolgende serie patiënten uit het Academisch 
Medisch Centrum. Er werden 154 patiënten geïncludeerd, waarvan 50% met 
een retrocolische, en 50% met een antecolische gastro-enterische reconstructie. 
De antecolische reconstructie werd met name in de meest recente jaren van de 
studieperiode toegepast. Vertraagde maagontlediging kwam voor bij 58% in de 
retrocolische groep, vergeleken met 52% in de antecolische groep (statistisch niet 
significant). ‘Primaire’ vertraagde maagontlediging (zonder andere intra-abdominale 
complicaties) trad op bij 36% van de patiënten in de retrocolische groep, tegenover 
20% in de antecolische groep. In multivariabele logistische regressie-analyse was 
de route van gastro-enterische reconstructie echter niet geassocieerd met primaire 
vertraagde maagontlediging. Er waren geen verschillen in andere uitkomstmaten, 
zoals morbiditeit en duur van ziekenhuisopname. Wij concludeerden dat er een goed 
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gepowerde gerandomiseerde studie nodig was om op te helderen of een antecolische 
gastro-enterische reconstructie tot minder vertraagde maagontlediging leidt.

Deze multi-center gerandomiseerde trial werd vervolgens uitgevoerd, en de 
resultaten ervan worden beschreven in hoofdstuk 6. In tien midden- tot hoogvolume 
ziekenhuizen in Nederland werden patiënten die een pancreatoduodenectomie 
ondergingen gerandomiseerd tussen een retrocolische en een antecolische gastro-
enterische anastomose. Er werden 246 patiënten geïncludeerd, waarvan 125 in de 
retrocolische groep, en 121 in de antecolische groep. Er was geen verschil in de 
primaire uitkomstmaat: klinisch relevante vertraagde maagontlediging kwam voor 
bij 45 (36%) patiënten in de retrocolische groep, tegenover 41 (34%) patiënten in 
de antecolische groep (absoluut risicoverschil 2.1%, 95% BI -9.8% tot 14%). Er 
waren geen verschillen in (par)enterale voedingsondersteuning, andere complicaties, 
ziekenhuissterfte en opnameduur. De conclusie van de trial luidt derhalve dat de 
route van gastro-enterische anastomose moet worden bepaald door de voorkeur van 
de operateur.

In hoofdstuk 7 onderzochten we de scintigrafische maagontledigingssnelheid 
en kwaliteit van leven in deelnemers uit het Academisch Medisch Centrum aan de 
zojuist beschreven trial. Er werden 73 patiënten geïncludeerd, waarvan 38 in de 
retrocolische groep en 35 in de antecolische groep. Net als in de originele trial waren 
er geen verschillen in vertraagde maagontlediging of andere klinische uitkomsten. De 
maagontledigingssnelheid, gemeten met scintigrafie, was niet significant verschillend 
tussen de beide groepen. De resultaten van de scintigrafie kwamen overeen met de 
klinische graad van vertraagde maagontlediging: van 19 patiënten die geen vertraagde 
maagontledigingssnelheid hadden bij scintigrafie, ontwikkelden er maar drie klinisch 
relevante vertraagde maagontlediging. Er was geen verschil in kwaliteit van leven 
tussen de retrocolische en antecolische groep. Er was een algehele achteruitgang in 
kwaliteit van leven twee weken na de operatie, die twaalf weken na operatie weer 
op preoperatief niveau was teruggekeerd. Patiënten met vertraagde maagontlediging 
hadden een significant slechtere kwaliteit van leven twee weken na de operatie; dit is 
de eerste keer dat de impact van vertraagde maagontlediging op kwaliteit van leven 
werd aangetoond.

In hoofdstuk 8 beschrijven we de incidentie en consequenties van een vasculaire 
anomalie die men regelmatig tegenkomt tijdens pancreatoduodenectomie: een 
aberrante arteria hepatica dextra (aAHD). In een opeenvolgende serie van 790 
pancreatoduodenectomieën, werd een aAHD gevonden bij 143 (19%) patiënten. 
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In 130 (91%) van deze patiënten kon de aAHD zonder schade gespaard worden. 
Van de overige 13 patiënten kregen er twee een postoperatieve complicatie die 
mogelijk in verband zouden kunnen staan met het opofferen van de aAHD, namelijk 
een bloeding, en een abces in het rechter bovenkwadrant van de buik. Er waren 
niet meer complicaties bij patiënten mét dan bij patiënten zonder een aAHD. De 
langetermijnoverleving van patiënten met een maligniteit werd niet beïnvloed door 
de aanwezigheid van een aAHD.

Het derde deel van het proefschrift beschrijft de consequenties van enkele 
postoperatieve factoren na pancreatoduodenectomie. In hoofdstuk 9 beschrijven we 
de klinische presentatie, behandeling en uitkomst van lekkage van de gastro-enterische 
anastomose. In een opeenvolgende serie van 1036 pancreatoduodenectomieën 
kwam deze complicatie voor bij 12 (1.2%) patiënten. Multivariabele analyse voor 
het identificeren van risicofactoren was niet mogelijk door dit lage aantal, maar 
patiënten met gastro-enterische lekkage hadden vaker pancreasfistels en een langere 
operatieduur. Mediane postoperatieve dag van diagnose was 8 (bereik 2 – 23). 
Klinische presentatie bestond meestal uit buikpijn met een hoge drainproductie 
verdacht voor maaginhoud. Zeven (58%) patiënten werden operatief behandeld, vier 
(33%) met percutane drainage, en één patiënt kreeg geen specifieke behandeling 
vanwege zijn zwakke klinische toestand. Deze patiënt overleed tijdens opname, 
waardoor de ziekenhuissterfte uitkwam op 8%.

In hoofdstuk 10 werd de correlatie tussen perioperatieve hyperglycemie en 
glucosevariabiliteit en postoperatieve complicaties onderzocht in een reeks van 330 
pancreatoduodenectomieën. Gemiddelde glucose-waarden waren 7.5 (preoperatief), 
7.4 (peroperatief) en 7.9 mmol/L (vroeg-postoperatief). Er was geen associatie 
tussen pre- en peroperatieve glucosewaarden en complicaties. Vroeg-postoperatieve 
hyperglycemie (≥ 7.8 mmol/L) was significant geassocieerd met complicaties (OR 
2.9, 95% BI 1.7-4.9). Hoge glucosevariabiliteit was op zichzelf niet geassocieerd met 
complicaties, maar in de vroeg-postoperatieve periode leek een hoge variabiliteit het 
risico van hyperglycemie wel te versterken: patiënten met zowel hoge glucosewaarden 
als hoge glucosevariabiliteit hadden een OR voor complicaties van 3.6 (95% BI 1.9-
6.8) vergeleken met patiënten zonder hyperglycemie.
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TOEKOMSTPERSPECTIEVEN
 
De resultaten van dit proefschrift dragen bij aan het voortdurende proces van 

verbeteren, verfijnen en vernieuwen van de chirurgische zorg voor patiënten met 
alvleesklierkanker – een proces dat meer dan een eeuw geleden begon met individuele 
casusverslagen, en tot op de dag van vandaag doorgaat met grote klinische trials. 
Dit proefschrift bevat resultaten van gerandomiseerde trials en van studies die 
werden uitgevoerd in de prospectief bijgehouden pancreaschirurgie-database van het 
Academisch Medisch Centrum, een hoog-volume, tertiair verwijzingscentrum voor 
patiënten met hepatopancreatobiliaire aandoeningen. De studies in dit proefschrift 
leveren niet alleen antwoorden, maar ook nieuwe vragen op. In deze sectie enkele 
bespiegelingen over de toekomstige ontwikkelingen in de pancreaschirurgie.

Het grootste deel van dit proefschrift richtte zich op de meest voorkomende 
complicatie na pancreatoduodenectomie: vertraagde maagontlediging. De meest 
belangrijke vraag die werd opgelost, is de invloed van de route van de gastro-
enterische anastomose – wij hebben duidelijk aangetoond dat deze factor niet van 
invloed is op de incidentie van vertraagde maagontlediging of andere complicaties. 
Verder onderzoek naar het ontstaansmechanisme van vertraagde maagontlediging 
is nodig. Het belang hiervan werd recent nog eens onderstreept door twee 
gerandomiseerde studies, die een pancreaticojejeunostomie vergeleken met een 
pancreaticogastrostomie.1,2 In beide studies waren er significant minder pancreasfistels 
na pancreaticogastrostomie. Dit zou dus de nieuwe standaard pancreatico-enterische 
anastomose kunnen gaan worden. In één van de trials ging de pancreaticogastrostomie 
echter gepaard met bijna een verdubbeling van de incidentie van primaire vertraagde 
maagontlediging. In het Academisch Medisch Centrum hebben we een cohortstudie 
opgezet om te onderzoeken of lokale ontsteking in de nabijheid van de maag en 
gastro-enterische anastomose bijdraagt aan vertraagde maagontlediging, bij patiënten 
zonder klinische tekenen van infectie. Hierbij wordt gebruik gemaakt van Positron 
Emissie Tomografie en CT (PET/CT) met [18F]-fluorodeoxyglucose gelabelde witte 
bloedcellen, om focale ontsteking aan te tonen. Vervolgstudies zijn ook nodig om 
de voorspellende waarde van preoperatieve symptomen van maagobstructie extern 
te valideren. Studies naar chirurgische technieken om vertraagde maagontlediging 
te voorkomen moeten worden uitgevoerd in de setting van gerandomiseerd klinisch 
onderzoek. Een voorbeeld hiervan is de momenteel lopende PROPP-studie, die 
patiënten randomiseert tussen resectie en sparen van de pylorus.3 De ontwikkeling 
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van de consensusdefinitie van vertraagde maagontlediging door de ‘International 
Study Group of Pancreatic Surgery’ betekende een grote stap voorwaarts voor de 
uniformiteit in de verslaglegging van deze complicatie.4 Deze definitie is echter erg 
streng, in die zin dat elke patiënt met een maagsonde na de derde postoperatieve 
dag vertraagde maagontlediging heeft, zonder rekening te houden met onderliggende 
complicaties die bijdragen aan de noodzaak van een maagsonde. Wij bevelen daarom 
aan om bij de verslaglegging van vertraagde maagontlediging niet alleen klinisch 
relevante vertraagde maagontlediging (graad B of C), maar ook ‘primaire’ vertraagde 
maagontlediging (zonder andere intra-abdominale complicaties) te rapporteren.

Met betrekking tot de preoperatieve diagnostiek, zou een diagnostische 
laparoscopie kunnen worden uitgevoerd bij patiënten met een hoog risico op 
afstandsmetastasen, om niet-therapeutische laparotomieën te voorkomen. Met het 
oog op de toenemende toepassing van neoadjuvante therapieën, zou een diagnostische 
laparoscopie ook nuttig kunnen zijn bij het identificeren van patiënten die baat 
hebben bij neoadjuvante behandeling, samen met andere veelbelovende nieuwe 
hulpmiddelen bij het opstellen van geïndividualiseerde behandelingsschema’s, zoals 
de bepaling van tumorbiologie door gebruikmaking van biomarkers zoals CA19-9 
(hoe hoger, hoe slechter de prognose), of SMAD4 gen-status (verminderde SMAD4 
expressie is geassocieerd met slechtere overleving).5,6 Geselecteerde patiënten 
met verdenking op een aggressieve resectabele tumor zou allereerst neoadjuvante 
behandeling aangeboden kunnen worden, om micrometastatische ziekte in bedwang 
te houden. Een andere vraag die blijft staan, is wat de beste palliatie kan bieden 
aan patiënten met metastasen bij diagnostische laparoscopie. Een gerandomiseerde 
studie liet eerder al een betere overleving zien na chirurgische dan na endoscopische 
palliatie.7 Met de recente vooruitgang op endoscopisch en laparoscopisch gebied, 
zou een nieuwe, goed gepowerde gerandomiseerde studie naar endoscopische versus 
(laparoscopische) chirurgische palliatie deze vraag moeten beantwoorden.

Wij hebben laten zien dat het uitstel van chirurgische behandeling, dat is 
geassocieerd met preoperatieve galwegdrainage, de overleving van patiënten met 
een tumor in de pancreaskop niet negatief beïnvloedt. Andere auteurs suggereren 
zelfs dat het opheffen van geelzucht een overlevingsvoordeel biedt.8 Dit betekent 
dat bij patiënten die niet geschikt zijn voor vroege chirurgie, vanwege bijvoorbeeld 
cholangitis, logistieke redenen, of omdat neoadjuvante behandeling wordt ingepland, 
preoperatieve galwegdrainage veilig kan worden toegepast ter overbrugging 
tot operatie, zonder de overleving te verslechteren. Hiermee wordt het belang 
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van het verlagen van het aantal complicaties van galwegdrainage onderstreept. 
Retrospectieve studies hebben al aangetoond dat metalen stents betere resultaten 
opleveren dan plastic stents bij patiënten in afwachting van een operatie voor een 
pancreaskoptumor.9.10 Momenteel onderzoeken wij de prestaties van metalen stents 
in deze patiëntengroep op prospectieve wijze in de STENT trial (Nederlands Trial 
Register, nummer NTR3142).

Door de ontwikkelingen in chirurgische techniek, wordt tumoringroei ter plaatse 
van de confluens van de vena mesenterica superior en de vena portae niet langer als 
een contra-indicatie voor resectie beschouwd. Zonodig moet een veneuze resectie 
worden verricht om negatieve resectiemarges te verkrijgen. Bij het peroperatief 
vaststellen van de resectabiliteit heeft dit geleid tot een verandering van aanpak, 
met een verschuiving van vene naar arterie: de ‘arterie eerst’ benadering. Dit houdt 
in dat na het uitsluiten van metastasen, de lokale exploratie zich in eerste instantie 
richt op het vaststellen van betrokkenheid van de arteria mesenterica superior. Een 
recente review liet zien dat ten minste zes verschillende benaderingen van de arteria 
mesenterica superior zijn beschreven, elk met hun eigen voordelen.11 Vanwege de hoge 
prevalentie van variaties in de leverarteriën die wij gevonden hebben, en het belang 
van een goede preoperatieve planning, is het aan te bevelen om in de radiologische 
verslaglegging standaard de anatomie van de leverarteriën op te nemen.

In het laatste hoofdstuk, werd de nadruk gelegd op een geheel nieuwe boosdoener 
op het gebied van postoperatieve morbiditeit na pancreatoduodenectomie: 
hyperglycemie. De onderliggende mechanismen van de bevindingen in dit hoofdstuk 
moeten verder opgehelderd worden; praktisch beschouwd, is de volgende vraag die 
zich opdringt, of correctie van hyperglycemie in de vroeg-postoperatieve periode ook 
tot lagere morbiditeit leidt. Dit zou onderzocht moeten worden in een gerandomiseerd 
onderzoek naar stricte versus conventionele glucoseregulatie. Wij hebben een eerste 
stap gezet met het ontwerpen van een haalbaarheidsstudie, waarin onderzocht wordt 
of een strategie met stricte glucoseregulatie effectief is in het verlagen van vroeg-
postoperatieve glucosewaarden na pancreatoduodenectomie.

Concluderend kunnen we stellen dat dit proefschrift aanknopingspunten biedt 
voor toepassing in de klinische praktijk en voor vervolgonderzoek op het gebied van 
de pancreaschirurgie. Toekomstig onderzoek naar chirurgische technieken moet bij 
voorkeur worden uitgevoerd in de setting van multicenter, gerandomiseerde trials. 
Nauwe samenwerking tussen ziekenhuizen is hierbij een belangrijke voorwaarde 
voor succes; in Nederland zijn we gezegend met een lange traditie op het gebied 
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van multicenter trials, waarvan hoofdstuk 3 en 6 mooie voorbeelden zijn. Verdere 
organisatie van het pancreasveld in samenwerkingsverbanden zoals de recent 
opgerichte Dutch Pancreatic Cancer Group, zal helpen om de juiste voorwaarden te 
creëren voor nieuwe trials van hoge kwaliteit.



Appendices

210

REFERENTIES

1. Topal B, Fieuws S, Aerts R, Weerts J, 
Feryn T, Roeyen G, Bertrand C, Hubert 
C, Janssens M, Closset J; Belgian 
Section of Hepatobiliary and Pancreatic 
Surgery. Pancreaticojejunostomy versus 
pancreaticogastrostomy reconstruction 
after pancreaticoduodenectomy for 
pancreatic or pariampullary tumours: a 
multicenter randomised trial. Lancet Oncol 
2013;14:655-62.

2. Figueras J, Sabater L, Planellas P, Muñoz-
Forner E, Lopez-Ben S, Falgueras L, 
Sala-Palau C, Albiol M, Ortega-Serrano 
J, Castro-Gutierrez E. Randomized 
clinical trial of pancreaticogastrostomy 
versus pancreaticojejunostomy on the 
rate and severity of pancreatic fistula 
after pancreaticoduodenectomy. Br J Surg 
2013;100:1597-605.

3. Hackert T, Bruckner T, Dörr-Harim C, 
Diener MK, Knebel P, Hartwig W, Strobel O, 
Fritz S, Schneider L, Werner J, Büchler MW. 
Pylorus resection or pylorus preservation in 
partial pancreatico-duodenectomy (PROPP 
study): study protocol for a randomized 
controlled trial. Trials 2013;14:44.

4. Wente MN, Bassi C, Dervenis C, Fingerhut 
A, Gouma DJ, Izbicki JR, Neoptolemos JP, 
Padbury RT, Sarr MG, Traverso LW, Yeo 
CJ, Büchler MW. Delayed gastric emptying 
(DGE) after pancreatic surgery: a suggested 
definition by the International Study Group 
of Pancreatic Surgery (ISGPS). Surgery 
2007;142:761-8.

5. Blackford A, Serrano OK, Wolfgang CL, 
Parmigiani G, Jones S, Zhang X, Parsons 
DW, Lin JC, Leary RJ, Eshleman JR, 
Goggins M, Jaffee EM, Iacobuzio-Donahue 
CA, Maitra A, Cameron JL, Olino K, 
Schulick R, Winter J, Herman JM, Laheru 
D, Klein AP, Vogelstein B, Kinzler KW, 
Velculescu VE, Hruban RH. SMAD4 
gene mutations are associated with poor 
prognosis in pancreatic cancer. Clin Cancer 
Res 2009;15:4674-9.

 

6. Wolfgang CL, Herman JM, Laheru DA, 
Klein AP, Erdek MA, Fishman EK, Hruban 
RH. Recent progress in pancreatic cancer. 
CA Cancer J Clin 2013;63:318-48.

7. Nieveen van Dijkum EJ, Romijn MG, 
Terwee CB, de Wit LT, van der Meulen 
JH, Laméris JS, Rauws EA, Obertop H, 
van Eijck CH, Bossuyt PM, Gouma DJ. 
Laparoscopic staging and subsequent 
palliation in patients with peripancreatic 
carcinoma. Ann Surg 2003;237:66-73.

8. Strasberg SM, Gao F, Sanford D, Linehan 
DC, Hawkins WG, Fields R, Carpenter 
DH, Brunt EM, Phillips C. Jaundice: an 
important, poorly recognized risk factor 
for diminished survival in patients with 
adenocarcinoma of the head of the pancreas. 
HPB (Oxford) 2014;16:150-6.

9. Adams MA, Anderson MA, Myles JD, 
Khalatbari S, Scheiman JM. Self-expanding 
metal stents (SEMS) provide superior 
outcomes compared to plastic stents for 
pancreatic cancer patients undergoing 
neoadjuvant therapy. J Gastrointest Oncol 
2012;3:309-13.

10. Siddiqui AA, Mehendiratta V, Loren D, 
Kowalski T, Fang J, Hilden K, Adler DG. 
Self-expanding metal stents (SEMS) for 
preoperative biliary decompression in 
patients with resectable and borderline-
resectable pancreatic cancer: outcomes in 
241 patients. Dig Dis Sci 2013;58:1744-50.

11. Sanjay P, Takaori K, Govil S, Shrikhande 
SV, Windsor JA. ‘Artery-first’ approaches 
to pancreatoduodenectomy. Br J Surg 
2012;99:1027-35.



LIST OF PUBLICATIONS

Pancreatoduodenectomy associated complications influence cancer recurrence 
and time interval to death
van der Gaag NA, Harmsen K, Eshuis WJ, Busch OR, van Gulik TM, Gouma DJ. 
Eur J Surg Oncol 2013 Dec 25 [Epub ahead of print]

Antecolic versus retrocolic route of the gastroenteric anastomosis after 
pancreatoduodenectomy: a randomized controlled trial. 
Eshuis WJ, van Eijck CH, Gerhards MF, Coene PP, de Hingh IH, Karsten TM, 
Bonsing BA, Gerritsen JJ, Boscha K, Spillenaar Bilgen EJ, Haverkamp JA, Busch 
OR, van Gulik TM, Reitsma JB, Gouma DJ. 
Ann Surg 2014;259:45-51

Value of scintigraphy for assessing delayed gastric emptying after pancreatic 
surgery. 
van Samkar G, Eshuis WJ, Lemmers M, Gouma DJ, Bennink RJ, Hollmann MW, 
Dijkgraaf MG, Busch OR. 
World J Surg 2013;37:2911-7

Association of preoperative symptoms of gastric outlet obstruction with 
delayed gastric emptying after pancreatoduodenectomy. 
Atema JJ, Eshuis WJ, Busch OR, van Gulik TM, Gouma DJ. 
Surgery 2013;154:583-8

Route of gastroenteric reconstruction after pancreatoduodenectomy and 
delayed gastric emptying. 
Eshuis WJ, van Dalen JW, Busch OR, van Gulik TM, Gouma DJ. 
HPB (Oxford) 2012;14:54-9



Appendices

212

Predicting distant metastasis in patients with suspected pancreatic and 
periampullary tumors for selective use of staging laparoscopy. 
Slaar A, Eshuis WJ, Van der Gaag NA, Nio CY, Busch OR, van Gulik TM, Reitsma 
JB, Gouma DJ. 
World J Surg 2011;35:2528-34

Does preoperative biliary drainage associated time delay harm? From trial 
design to conclusion. 
Eshuis WJ, Van der Gaag NA, Gouma DJ. 
Ann Surg 2011;254:543

Early postoperative hyperglycemia is associated with postoperative complications 
after pancreatoduodenectomy.
Eshuis WJ, Hermanides J, van Dalen JW, van Samkar G, Busch OR, van Gulik TM, 
Devries JH, Hoekstra JL, Gouma DJ.
Ann Surg 2011;253:739-44

Influence of aberrant right hepatic artery on perioperative course and longterm 
survival after pancreatoduodenectomy.
Eshuis WJ, Olde Loohuis KM, Busch OR, van Gulik TM, Gouma DJ. 
HPB (Oxford) 2011;13:161-7

Therapeutic delay and survival after surgery for cancer of the pancreatic head 
with or without preoperative biliary drainage.
Eshuis WJ, Van der Gaag NA, Rauws EA, van Eijck CH, Bruno MJ, Kuipers EJ, 
Coene PP, Kubben FJ, Gerritsen JJ, Greve JW, Gerhards MF, de Hingh IH, Klinkenbijl 
JH, Nio CY, de Castro SM, Busch OR, van Gulik TM, Bossuyt PM, Gouma DJ. 
Ann Surg 2010;252:840-9



LIST OF CONTRIBUTING AUTHORS

Jasper J. Atema, M.D.
Department of surgery, Academic Medical Center, Amsterdam

Roel J. Bennink, M.D., Ph.D.
Department of nuclear medicine, Academic Medical Center, Amsterdam

Bert A. Bonsing, M.D., Ph.D.
Department of surgery, Leiden University Medical Center, Leiden

Koop Bosscha, M.D., Ph.D.
Department of surgery, Jeroen Bosch Hospital, ‘s Hertogenbosch

Patrick M.M. Bossuyt, M.D., Ph.D.
Department of clinical epidemiology and biostatistics, Academic Medical Center, 
Amsterdam

Karel de Bree, M.Sc.
Department of surgery, Academic Medical Center, Amsterdam

Marco J. Bruno, M.D., Ph.D.
Department of gastroenterology, Erasmus Medical Center, Rotterdam

Olivier R.C. Busch, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Steve M.M. de Castro, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Peter P. Coene, M.D., Ph.D.
Department of surgery, Maasstad Hospital, Rotterdam

Jan Willem van Dalen, M.D.
Department of surgery, Academic Medical Center, Amsterdam

J. Hans DeVries, M.D., Ph.D.
Department of internal medicine, Academic Medical Center, Amsterdam



Appendices

214

Casper H.J. van Eijck, M.D., Ph.D.
Department of surgery, Erasmus Medical Center, Rotterdam

Niels A. van der Gaag, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Michael F. Gerhards, M.D., Ph.D.
Department of surgery, Onze Lieve Vrouwe Gasthuis, Amsterdam

Josephus J.G.M. Gerritsen, M.D., Ph.D.
Department of surgery, Medical Spectrum Twente, Enschede

Dirk J. Gouma, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Jan Willem Greve, M.D., Ph.D.
Department of surgery, University Hospital Maastricht, Maastricht

Thomas M. van Gulik, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Jorien A. Haverkamp, M.Sc.
Department of dietetics and nutrition, Academic Medical Center, Amsterdam

Jeroen Hermanides, M.D., Ph.D.
Department of anesthesiology, Academic Medical Center, Amsterdam

Ignace H.J.T. de Hingh, M.D., Ph.D.
Department of surgery, Catharina Hospital, Eindhoven

Joost B.L. Hoekstra, M.D., Ph.D.
Department of internal medicine, Academic Medical Center, Amsterdam

Thom M. Karsten, M.D., Ph.D.
Department of surgery, Onze Lieve Vrouwe Gasthuis, Amsterdam

Jean H. Klinkenbijl, M.D., Ph.D.
Department of surgery, Academic Medical Center, Amsterdam

Frank J.G.M. Kubben, M.D., Ph.D.
Department of gastroenterology, Maasstad Hospital, Rotterdam



List of contributing authors

215

Ernst J. Kuipers, M.D., Ph.D.
Department of gastroenterology, Erasmus Medical Center, Rotterdam

Klaartje M. Olde Loohuis, M.D.
Department of surgery, Academic Medical Center, Amsterdam

C. Yung Nio, M.D.
Department of radiology, Academic Medical Center, Amsterdam

Erik A.J. Rauws, M.D., Ph.D.
Department of gastroenterology, Academic Medical Center, Amsterdam

Johannes B. Reitsma, M.D., Ph.D.
Department of clinical epidemiology and biostatistics, Academic Medical Center, 
Amsterdam

Gan van Samkar, M.D.
Department of anesthesiology, Academic Medical Center, Amsterdam

Annelie Slaar, M.D.
Department of surgery, Academic Medical Center, Amsterdam

Ernst J. Spillenaar Bilgen, M.D., Ph.D.
Department of surgery, Rijnstate Hospital, Arnhem

Mirjam A.G. Sprangers, M.D., Ph.D.
Department of medical psychology, Academic Medical Center, Amsterdam

Johanna A.M.G. Tol, M.D.
Department of surgery, Academic Medical Center, Amsterdam





PHD PORTFOLIO



Appendices

218

Name PhD student:  W.J. Eshuis
PhD period:   2008 – 2011
PhD supervisors: prof. dr. D.J. Gouma, prof. dr. O.R.C. Busch

1. PhD training  Year Workload 
(ECTS)

General courses
  The AMC World of Science 2008 0.7
  Practical biostatistics 2009 1.1
  Evidence based medicine 2009 0.6
  Basis course legislation and organization for clinical researchers 2010 0.9
  Good clinical practice 2010 0.3
Specific courses
  Clinical epidemiology 2009 0.6
  Advanced topics in biostatistics 2010 2.1
Seminars, workshops and masterclasses
  Weekly department seminars 2008 – 11 4
Oral presentations

  Changing patient characteristics, indications and outcomes of 
  pancreatoduodenectomy in a tertiary referral hospital
    United European Gastroenterology Week, London

2009 0.5

  Influence of aberrant right hepatic artery on perioperative course and
  longterm survival after pancreatoduodenectomy
    Congress of the IHPBA, Buenos Aires

2010 0.5

  Route of gastroenteric anastomosis after pancreatoduodenectomy and
  delayed gastric emptying – a retrospective analysis
    Voorjaarsvergadering NVGE, Veldhoven
    Chirurgendagen, Veldhoven

2010 0.5

  Therapeutic delay and survival after surgery for cancer of the pancreatic 
  head with or without preoperative biliary drainage
    Meeting of the European Surgical Association, Budapest
    Chirurgendagen, Veldhoven
    United European Gastroenterology Week, Barcelona
    Najaarsvergadering NVGE, Veldhoven

2010 0.5

  Locally advanced pancreatic and periampullary cancer – is palliative
  resection justified?
    Chirurgendagen, Veldhoven
    Congress of the E-AHPBA, Kaapstad

2011 0.5

  Longitudinal health-related quality of life and self reported treatment
  preference of patients scheduled for pancreatoduodenectomy with or
  without preoperative biliary drainage
    Congress of the E-AHPBA, Kaapstad

2011 0.5
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  Crystalloid fluid restriction during pancreatic surgery has no measurable
  effect on delayed gastric emptying and other complications: the results
  of a double-blinded prospective trial (EPOR)
    Congress of the E-AHPBA, Kaapstad

2011 0.5

  Antecolic versus retrocolic route of the gastroenteric anastomosis after
  pancreatoduodenectomy
    Symposium Dutch Pancreatic Cancer Group, Bussum
    Chirurgendagen, Veldhoven
    Congress of the IHPBA, Parijs

2012 0.5

Poster presentations

  Leakage of gastroenteric and enteroenteric anastomosis after
  pancreatic surgery
    Digestive Disease Week, Chicago
    Congress of the EHPBA, Athene

2009 0.5

  Review of studies on gastric emptying assessment after 
  pancreatoduodenectomy
    Digestive Disease Week, Chicago
    Congress of the EHPBA, Athene

2009 0.5

  Influence of aberrant right hepatic artery on perioperative course and 
  longterm survival after pancreatoduodenectomy
    Chirurgendagen, Veldhoven

2009 0.5

  Changing patient characteristics, indications and outcomes of 
  pancreatoduodenectomy in a tertiary referral hospital
    Digestive Disease Week, Seattle

2010 0.5

  Route of gastroenteric anastomosis after pancreatoduodenectomy and 
  delayed gastric emptying – a retrospective analysis
    Digestive Disease Week, Seattle
    Congress of the E-AHPBA, Kaapstad

2010, 
2011 0.5

  Early postoperative hyperglycemia is associated with postoperative 
  complications after pancreatoduodenectomy
    Congress of the IHPBA, Buenos Aires

2010 0.5

  Obstructive jaundice after pancreatoduodenectomy – incidence and 
  management
    Congress of the E-AHPBA, Kaapstad

2011 0.5

(Inter)national conferences

  Digestive Disease Week 2009 1

  United European Gastroenterology Week 2009, 
2010 2

  Meeting of the European Surgical Association 2010 0.5
  Voorjaarsvergdering NVGE 2010 0.5
  Najaarsvergadering NVGE 2010 0.25
  Chirurgendagen 2010 – 12 1.5

  Congress of the IHPBA 2010, 
2012 2

  Congress of the E-AHPBA 2011 1
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2. Teaching Year Workload 
(ECTS)

Supervising:
  A. Slaar, Predicting distant metastasis for selective use of staging 
  laparoscopy
  J.W. van Dalen, Early postoperative hyperglycemia is associated with 
  postoperative complications after pancreatoduodenectomy
  K.M. Olde Loohuis, Influence of aberrant right hepatic artery on 
  perioperative course and longterm survival after
  pancreatoduodenectomy

2009 – 11 3

3. Parameters of esteem

  UEGW Travel grant 2010
  UEGW Travel grant 2011
  Posterprijs Chirurgendagen 2009
  Chirurgendagen, top 30 beste abstracts 2011
  Chirurgendagen, top 30 beste abstracts 2012
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DANKWOORD

Dit proefschrift was niet tot stand gekomen zonder de hulp en inspiratie van vele 
anderen. Graag wil ik een aantal van hen bedanken, nadat ik hier allereerst een woord 
van dank uitspreek aan de patiënten die hebben deelgenomen aan de diverse studies.
 
Mijn promotor, prof. dr. D.J. Gouma
Uw enthousiasme en scherpzinnigheid heb ik inmiddels al vaak geroemd zien worden 
in de dankwoorden van de vele proefschriften die onder uw bezielende leiding 
zijn verschenen. Ik wil mij hier graag bij aansluiten. Het is een eer om één van uw 
promovendi te mogen zijn.

Mijn co-promotor, prof. dr. O.R.C. Busch
Veel dank voor uw hulp bij het opzetten en uitvoeren van de studies uit dit 
proefschrift. Ik verheugde me altijd op onze overlegmomenten, niet alleen vanwege 
uw waardevolle suggesties, maar ook vanwege uw humor en de ontspannen sfeer. Ik 
kijk ernaar uit om mijn opleiding straks bij u voort te zetten.

De leden van de promotiecommisse: prof. dr. P. Fockens, prof. dr. J.B.L. Hoekstra, 
prof. dr. G. Kazemier, prof. dr. J.H.G. Klinkenbijl, prof. dr. J.S. Laméris, prof. dr. 
A.P.J.M. Smout. Hartelijk dank dat u de tijd hebt uitgetrokken voor een kritische 
beoordeling van mijn proefschrift, en voor uw bereidheid om zitting te nemen in de 
promotiecommissie.

Prof. dr. T.M. van Gulik
Veel dank voor uw altijd rake final touch aan mijn manuscripten en de mooie 
momenten op de diverse HPB-congressen, al gooide éénmaal een vulkaan as in het 
eten.

Een woord van dank aan iedereen, die mee heeft geholpen de ARCO-trial tot een 
succes te maken, voor zover nog niet hierboven genoemd; in het bijzonder: J.A. 
Haverkamp, dr. J.B. Reitsma, dr. R.J. Bennink, S.P. Anroedh, W.M. de Jong (AMC), 
prof. dr. C.H.J. van Eijck, C.J. Pek, M. Seijbel (Erasmus Medisch Centrum), dr. M.F. 
Gerhards, dr. L.T. de Wit, G. van Lienen, B. Thiel (Onze Lieve Vrouwe Gasthuis), 
dr. P.P. Coene, dr. E. van der Harst, M. Molenaar, E.B. Deerenberg, S.W. Lam, M.C. 
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Lips (Maasstad Ziekenhuis), dr. I.H.J.T. de Hingh, dr. S.W. Nienhuijs (Catharina 
Ziekenhuis), dr. T.M. Karsten, prof. dr. L.P.S. Stassen, S. Festen (Reinier de Graaf 
Gasthuis), dr. B.A. Bonsing, dr. H.H. Hartgrink, A.M.E.G. Voet-van den Brink (Leids 
Universitair Medisch Centrum), dr. J.J.G.M. Gerritsen, dr. J.M. Klaase (Medisch 
Spectrum Twente), dr. K. Bosscha (Jeroen Bosch Ziekenhuis), dr. E.J. Spillenaar 
Bilgen, D. van Uden (Rijnstate Ziekenhuis).

Alle mede-auteurs, voor zover nog niet hierboven genoemd, dank voor uw 
waardevolle bijdragen.

Mede-onderzoekers:
Niels, jou ben ik denk ik wel het meest dank verschuldigd als het op dit proefschrift 
aankomt. Je hebt mij wegwijs gemaakt in de wereld van het onderzoek en daarvoor 
ben ik je zeer dankbaar.
Wytze, volgens mij begon onze vriendschap echt vaste vormen aan te nemen toen 
we in een obscure gelegenheid in Londen onze wekker hoorden afgaan. Het was het 
startpunt voor vele mooie avonturen die we samen beleefd hebben. Volgend jaar hoop 
ik er weer bij te zijn op de wintersport.
Overige mede-onderzoekers van G4: Jordy, Mark, Eefje, Teun Peter, Jorik, Malaika, 
Dara, Lidewine, Hilko, Evelien, Suzan, Rachel, Sanne, Tjibbe, Paul, Pieter, Ping, 
veel dank voor de goede sfeer op de afdeling en de vele mooie momenten.
Chirurgie-onderzoekers elders in het AMC: Franceline, Marjolein, Roos, Hendrik, 
Jaap, Nienke, en in het bijzonder Gwen, Lisette en Thony, wat hebben wij veel 
gelachen op onze prima congresuitjes!
Shanna, ik ben blij dat jij de onderzoekslijn hebt overgenomen, dank voor de leuke 
samenwerking en succes straks in de kliniek!
Tot slot, lieve Emma, in eerste plaats zus maar ook mede-onderzoeker, ik noem je 
hier omdat ik het geweldig vond om collega’s te zijn! Dit was niet gepland, maar het 
liep zoals het liep, en het pakte fantastisch uit. Bij jou kon ik terecht met vragen die ik 
aan niemand anders durfde te stellen. Straks weer samen in het AMC, leuk! Bij deze 
ook dank aan Menno, ik wens jullie een mooi voortdobberen samen.

Secretaresses van G4: Trudy, Joke, Jacqueline, Coos, Els, Carla, dank voor jullie 
ondersteuning en voor het bijdragen aan de goede sfeer op G4.
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Collega’s uit Tergooiziekenhuizen Hilversum, en in het bijzonder Jan Wind, Nanette 
van Geloven, Jan Peter Eerenberg en dr. J.W. Juttmann, voor de begeleiding bij  mijn 
eerste stappen in de chirurgische wereld en hulp bij het vinden van de onderzoeksplek 
die heeft geleid tot dit proefschrift.

De maatschap Heelkunde en collega-assistenten van het Sint Lucas Andreas 
Ziekenhuis, veel dank voor de ontzettend goede sfeer op de werkvloer, dankzij jullie 
ga ik elke dag met plezier naar het werk!

Irene, veel dank voor het prachtige omslag!

Sjoerd, Maarten, Jeroen, Wouter, Ime, Gijs en Gerard, dank voor de ontspanning 
buiten werktijd. De eerste vier in dit rijtje samen met David en Wytze ook bedankt 
voor het surprise-feest, toen het zogenaamd bijna af was!

Pieter, dank voor je vriendschap, ik kijk uit naar ons volgende uitje (Rio?).

Zwaar 2000: Rico, Reinier, Jochem, Rutger, Freek, Menzo en Martien, ik ben blij met 
zo’n trouwe ploeg, en hoop in de toekomst meer hoogtepunten met jullie te beleven 
dan het jaarlijkse kerstdiner, hoewel ik daar altijd weer een tijd mee vooruit kan. Bij 
deze ook dank aan Diederik Simon voor zijn coachwerk, voor het lachen tijdens de 
diverse Olympische Spelen, en zijn heldere analyses van de prins.

Bestuur ‘03/’04: Thomas, Elisabeth, Jane, Sander, Hidde, Janet en Technisch Front-
mattie Chris, volgende BBQ ben ik er weer bij!

Ruis: Tijmen, Han, Cas, Jeroen en Jeroen: veel dank voor de muzikale ontspanning. 
Ik hoop nog vele jaren met jullie op het punt van doorbreken te staan.

ASH: Gijs, Tijs, Martijn, Joris, Gerritjan, Roelf Jan, Jan, dank voor de vele (meestal 
niet zo ontspannen) kilometers op de zondagochtend en de mooie marathonuitjes, 
met scooters enzo.

Trudy en Per, dank voor de altijd warme ontvangst in Schoonhoven.
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Jeroen, dank voor je trouwe vriendschap gedurende vele jaren. Onze dekmantel om 
bakkies te doen heeft tot een prachtig artikel geleid. Ik verheug me erop om straks 
weer samen in het AMC te werken. Dank dat je mijn paranimf wilt zijn.

David, het is boffen geblazen met een BFF als jij. We hebben inmiddels al zoveel 
samen beleefd, je bent niet meer weg te denken uit mijn leven. Ik vind het allemaal 
nogal wat. Ik ben blij dat je me bij wilt staan als paranimf.

Lieve oma Jet en oma Gees, veel dank voor jullie continue oprechte belangstelling 
en medeleven. 

Jan Lodewijk, lieve broer, dank voor je altijd vrolijke aanwezigheid in de Eerste 
Oosterparkstraat. Ik ben blij dat je boven me woont, en dat je een printer hebt. Dit 
moeten we echt vaker doen, gezellig! 

Lieve Marthy en Jan, jullie zijn de liefste ouders die iemand zich kan wensen. Altijd 
meelevend en belangstellend. Dank voor jullie nimmer aflatende steun. Jan, ik heb al 
tegen meerdere mensen hierboven gezegd dat ik het leuk vind om straks weer samen 
in het AMC te werken, maar het meest bijzonder zal het zijn om straks samen met jou 
op de operatiekamer te staan!

Jorien, mijn allerliefste, ik houd zoveel van jou! Dank voor je ondersteuning de 
afgelopen tijd. Er gaat voor ons allebei veel veranderen de komende tijd, en ik denk 
alleen maar ten goede. Ik verheug me enorm op de vele avonturen die ik samen met 
jou ga beleven!





CURRICULUM VITAE

Wietse Jelle Eshuis werd geboren op 5 september 1980 te Amsterdam. In 1998 
behaalde hij zijn gymnasiumdiploma aan het Barlaeus Gymnasium te Amsterdam. 
Een jaar later startte hij met zijn studie Geneeskunde aan de Universiteit van 
Amsterdam. Tijdens zijn studie was hij een actief lid van de Amsterdamsche 
Studenten Roeivereeniging Nereus. Na een aantal jaar wedstrijdroeien, zette hij in 
2003 zijn studie een jaar stil om als materiaalcommissaris plaats te nemen in het 
Nereusbestuur. In 2007 behaalde hij zijn artsexamen en ging werken als arts-assistent 
Chirurgie in Tergooiziekenhuizen, Hilversum (dr. J.P. Eerenberg). In 2008 begon 
hij met wetenschappelijk onderzoek op de afdeling Chirurgie in het Academisch 
Medisch Centrum onder leiding van prof. dr. O.R.C. Busch en prof. dr. D.J. Gouma, 
hetgeen heeft geresulteerd in dit proefschrift.

Naast studie en werkzaamheden is hij een enthousiast pianist en hardloper. Met 
een aantal studiegenoten speelt hij al sinds jaar en dag in de band Ruis, en in de 
afgelopen jaren voltooide hij meerdere marathons.

Sinds 01-07-2011 is hij in opleiding tot chirurg, en afwisselend werkzaam in het 
Sint Lucas Andreas Ziekenhuis (dr. B.C. Vrouenraets), het Antoni van Leeuwenhoek 
Ziekenhuis (prof. dr. E.J.Th. Rutgers) en het Academisch Medisch Centrum (prof. dr. 
O.R.C. Busch).












