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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.



Antecolic versus retrocolic gastroenteric anastomosis

93

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



Antecolic versus retrocolic gastroenteric anastomosis

103

  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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