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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
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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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