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Abstract
Objective: Delayed gastric emptying (DGE) is a common, post pancreaticoduodenectomy (PD) complication, which 

prolongs hospital stay, increases the cost of treatment and delays adjuvant therapy. Although, pylorospasm is one of 

the proposed mechanisms, the results of pyloric ring resection PD remain controversial. Hence, this study investigated 

whether pyloric ring resection PD decreased the incidence of DGE.

Material and Methods: Between June, 2015 and July, 2018; 74 patients underwent a PD for periampullary lesions, of 

whom 25 patients received pylorus-preserving PD (PPPD) and 49 patients received pyloric-ring resection PD (PRPD). 

DGE was classified according to the International Study Group of Pancreatic Surgery.

Results: The incidence of DGE in the PPPD group and PRPD group were 48.0% (12 of 25 patients) and 20.4% (10 of 

49 patients), respectively (p-value=0.029). Factors associated with DGE were pyloric preserving [adjusted Odds ratio 

(OR)=8.26, 95% confidence interval (CI): 1.96-34.82, p-value=0.002], preoperative biliary drainage (adjusted OR=0.19, 

95% Cl: 0.05-0.78, p-value=0.013) and postoperative intraabdominal collection (adjusted OR=37, 95% Cl: 5.68-241.24, 

p-value<0.001).

Conclusion: PRPD demonstrated a significant decrease of DGE, and should be one of the standard surgical treatments 

for periampullary carcinoma.
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Introduction
 Pancreaticoduodenectomy (PD) and pylorus-

preserving pancreaticoduodenectomy (PPPD) are complex 

surgical procedures, which are indicated for periampullary 

carcinoma along with other, certain benign conditions; such 

as chronic pancreatitis and cystic neoplasm of the pancreas. 

Even though the mortality rate is less than 5.0%, in a high 

volume center, it is still associated with significant morbidity. 

There is no significant difference between PD and PPPD 

in terms of hospital mortality and perioperative morbidity1,  

including postoperative pancreatic fistula; which is the   

most dreaded complication after PD. Moreover, PPPD has 

been reported to reduce dumping, diarrhea, and bile reflux 

gastritis following gastrectomy. In addition it also affords 

patients an improved nutritional status compared with PD.2,3 

Although PPPD has been accepted as a standard surgical 

approach, many studies have reported on the incidence 

of delayed gastric emptying (DGE) to be more frequent in 

the PPPD group.4

 DGE affects 14.0-30.0% of postoperative patients, 

and has been associated with increased hospital length of 

stay, increased costs, hospital readmission and significant 

patient discomfort.5–7 There are several definitions of DGE; 

however, the widely used International Study Group of 

Pancreatic Surgery (ISGPS) has classified DGE into three 

groups (A, B and C), with each being reflexive of the 

postoperative hospital stay.8,9 In the United States, median 

hospital charges increase by over $10,000 with each 

severity grade of DGE, according to the definition of the 

ISGPS.10

 The exact pathogenesis of DGE is still unclear; 

although, functional obstructions caused by stomach 

dysrhythmia due to vagal denervation and pylorospasm, is 

one of the proposed mechanisms.11,12 Hence, the concept 

of pyloric ring resection was introduced, so as to preserve 

the reservoir function of the stomach, and to simultaneously 

contend with the problem of pylorospasm. Pyloric-ring 

resection pancreaticoduodenectomy (PRPD) was first 

introduced in Japan in 199013, and since then several 

studies were conducted to compare the postoperative 

outcome between PPPD and PRPD. Most of the studies 

reported that the overall postoperative complications and 

rates of pancreatic fistula formation were equivalent among 

the two groups.4 However, there are conflicting results in 

the reports of DGE outcomes between the two groups.13,14 

Herein, this study was conducted to compare the rate of 

DGE in patients who underwent either PPPD or PRPD.

Material and Methods
 Patients who underwent PD in Songklanagarind 

Hospital, a tertiary care hospital in southern Thailand, by a 

hepatobiliary and pancreatic surgery team between; June 

1, 2015 and July 31, 2018, were stratified to PRPD and 

PPPD groups. The PPPD groups were performed between 

2015 and 2016, and the PRPD groups were performed 

later on. Ethical approval was obtained from the Human 

Research Ethical Committee. Data were collected from the 

electronic medical records from all patients. Indication for 

surgery included: carcinoma of the head of the pancreas, 

carcinoma of distal common bile duct, carcinoma of ampulla 

of Vater, carcinoma of the second part of the duodenum, 

intraductal papillary neoplasm of the pancreas, pancreatic 

neuroendocrine tumors and chronic pancreatitis. Tumor 

invasion to the distal stomach or intraoperative diagnosis of 

metastatic disease were excluded. Computed tomography 

was performed preoperatively for all patients. Preoperative 

biliary drainage was performed in selected patients, who 

developed cholangitis or severe biliary obstructive symptoms. 

Preoperative details including: serum albumin, total serum 

bilirubin, diabetic status, preoperative biliary drainage, 

pancreatic duct diameter and preoperative cholangitis, were 

recorded. Operative time, operative blood loss and blood 
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transfusions were all collected as intraoperative information. 

The days of hospital stay, postoperative morbidity and 

mortality were then compared. 

  The days until liquid and soft diet, as well as 

reinsertion of the nasogastric tube, were recorded to stratify 

patients  into delayed gastric emptying status according to 

the ISGPS definition.8 A Jackson-Pratt drain was placed 

until the seventh day after surgery and subsequently 

removed, if there was no evidence of postoperative 

pancreatic fistula (POPF); according to the International 

Study Group of Pancreatic Fistula definition (ISGPF).15 

  Surgeries were performed by a single team of 

surgeons, using the same technique and approach, so as 

to avoid technical bias. Epidural anesthesia was introduced 

in all cases, if no contraindication, in order to decrease 

systemic opioids that might affect gastroparesis. Skin 

incisions were performed with an upper midline incision for 

optimal exposure. The duodenum transection site was 2 

cm distal to the pylorus, for PPPD, and just proximal to the 

pylorus, for PRPD (Figure 1). Lymph node (LN) dissection 

was performed as standard lymphadenectomy for PD; as 

described by ISGPS16, in which LN station numbers 5, 6, 

8a, 12b, 12c, 13a, 13b, 14, 17a and 17b were dissected. 

The anastomosis reconstruction was performed using one 

jejunal limb, in which pancreaticojejunostomy was performed 

by duct-to-mucosa technique. Wherein, a 5-0 polyglactin 

interrupted and Silastic tube 5-8 Fr was applied across the 

pancreaticojejunal anastomosis as an internal stent. Two 

patients were reconstructed via the Dunking technique, due 

to  the surgeons not being able to identify the pancreatic 

duct; hepaticojejunostomy was reconstructed by 4-0 

polyglactin interrupted stitches. The gastrojejunostomy in 

PRPD and duodenojejunostomy in PPPD were performed 

as ante colic fashion, with 3-0 polyglactin at 50 cm distal 

to the hepaticojejunostomy anastomosis. One close suction 

drain was placed at the surgical bed.

Figure 1 The duodenum transection site was 2 cm distal 

 to the pylorus, for pylorus-preserving pancreatico-

 duodenectomy (PPPD), and just proximal to the 

 pylorus, for pyloric-ring resection pancreatico

 duodenectomy (PRPD)

 Patients were transferred either to the recovery room 

or intensive care unit, depending on their postoperative 

status. Metoclopramide 10 mg intravenous injections were 

administered every 8 hours to all participants in the first 

three days, postoperatively. The protocol to remove the 

nasogastric tube was scheduled on the first day at any 

amount of content. An oral liquid diet was allowed on 

postoperative day (POD) 1, this was then stepped up to a 

soft diet on POD2, followed by a regular diet later; if the 

patient had good tolerance.  The nasogastric tube was re-

inserted if the patient had clinical abdominal distension or 

vomiting. Serum amylase, ascites amylase, serum bilirubin 

and ascites bilirubin were collected on the seventh day after 

surgery, so as to detect pancreatic fistula and to document 

biliary leakage. 

      We calculated the sample size using two independent 

proportion tests, in reference to Hayashibe at el. study17, 

in that: 22 patients in the PPPD group and 44 patients in 

the PRPD group would be required in order to detect a 

difference in the rate of delayed gastric emptying (two-
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tailed test; alpha level, 0.05; beta level, 0.20). Additionally, 

an extra 10.0% of the sample size was added, in case of 

data loss; 25 patients in the PPPD group and 49 patients 

in the PRPD group. All of these were retrieved for analysis. 

Continuous variables were report as the mean+standard 

deviation, and compared between the two groups using an 

independent t-test. The discrete variables were reported as 

a percentage, and were compared using the Chi-squared 

test, p-values less than 0.05 were considered statistically 

significant. Multivariate logistic regression analysis was 

performed to control patient’s demographic, and tumor 

characteristics when determining risk factors for DGE. All 

statistical analysis was performed by the R program, version 

4.0.2. 

 The primary endpoint was the delayed gastric 

emptying, classified into three grades according to the 

definition proposed by the ISGPS, which impact on clinical 

outcome. 

 Grade A: Intubation of nasogastric tube required 

for 4-7 days, or reinsertion of the nasogastric tube after 

POD3 or inability to tolerate a solid diet by POD7. 

 Grade B: Intubation of nasogastric tube required 

for 8-14 days, or reinsertion of the nasogastric tube after 

POD7 or inability to tolerate a solid diet by POD14. 

 Grade C: Intubation of nasogastric tube required for 

15 days, or reinsertion of the nasogastric tube after POD14 

or inability to tolerate a solid diet by POD 21 

 The secondary endpoints were: postoperative 

hospital stay, intraoperative blood loss, intraoperative blood 

transfusion, operative time and postoperative complications; 

comprising of postpancreatectomy hemorrhage defined 

according to the definition of ISGPS.18 This included three 

grades (grade A, B, and C). Pancreatic fistula, defined 

according to the definition of ISGPF15, including three  

grades (grade A, B, and C). Biliary leakage was defined 

according to the definition of the International Study Group 

of Liver Surgery (ISGLS)19, and included three grades (grade 

A, B, and C). Intraabdominal collection was defined as the 

presence of postoperative intraabdominal fluid, confirmed 

by computed tomography or ultrasonography that required 

drainage. Wound infection was defined as surgical site 

infection according to the definition of the Centers for 

Disease Control and Prevention. Sepsis was defined as 

a positive bacterial culture detected from hemoculture. 

Pulmonary complications were defined as pneumonia or 

respiratory failure requiring mechanical ventilator support.

Results
 From June, 2015 through till July, 2018 a total of 

74 patients were enrolled; 25 patients in the PPPD group 

and 49 patients in the PRPD group. All patient baseline 

characteristics were well balanced in both study groups 

(Table 1). The mean age of the patients was 63 years 

in both groups; with most of the patients having been 

diagnosed with cancer. There were no differences between 

the two study groups, with respect to any demographic 

variables. Additionally, proportion of preoperative biliary 

drainage, preoperative cholangitis, and American Society 

of Anesthesiologist classification, except for the patients in 

the PRPD group, had significantly smaller pancreatic duct 

diameter (<3 millimeters). 

 The overall incidence of DGE was 29.7% (22 of 74 

patients). The incidence of DGE in the PPPD group and 

PRPD group were 48.0% (12 of 25 patients) and 20.4% 

(10 of 49 patients), respectively, which had statistically 

significant difference (p-value=0.029) (Table 2). There 

was a significantly shorter duration of nasogastric tube 

insertion in the PRPD group (1 day) as compared with the 

PPPD group (3 days). However, duration to the start of 

both liquid and solid diets was comparable in both groups. 

Reinsertion of the nasogastric tube was 32.0% (8 of 25 

patients) in the PPPD group and 16.3% (8 of 49 patients) 

in the PRPD group; however, the differences did not reach 

statistical significance. The incidence of DGE grade A, 
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Table 1 Baseline demographic data and clinical characteristics
 

Variable PPPD
(n=25)

PRPD
(n=49)

p-value

Age (year), mean, (+S.D.) 63.3+10.7 62.5+10.3 0.759
Male gender, n (%) 15 (60.0) 23 (46.9) 0.414
Malignant disease, n (%) 22 (88.0) 45 (91.8) 0.682
Primary disease, n (%) 0.881
   Pancreatic adenocarcinoma 5 (20.0) 10 (20.4)
   Bile duct carcinoma 3 (12.0) 10 (20.4)
   Ampullary carcinoma 12 (48.0) 22 (44.9)
   Duodenal adenocarcinoma 0 (0.0) 1 (2.0)
   Intraductal papillary mucinous neoplasm 2 (8.0) 1 (2.0)
   Pancreatic neuroendocrine tumor 1 (4.0) 2 (4.1)
   Chronic pancreatitis 0 (0.0) 1 (2.0)
   Others 2 (8.0) 2 (4.1)
Serum albumin, g/dL, mean, (+S.D.) 4.0+0.6 3.9+0.6 0.623
Serum total bilirubin, mg/dL, (median, IQR) 2 (0.8-4.4) 1.3 (0.5-6.8) 0.375
Hemoglobin level, g/dL, mean, (+S.D.) 12.3+1.5 11.8+1.8 0.272
Preoperative biliary drainage, n (%) 13 (52.0) 27 (55.1) 0.995
Pancreatic duct diameter, mm, (median, IQR) 4 (3.0-6.0) 3 (2.0-4.0) 0.054
Pancreatic duct diameter <3 mm, n (%) 8 (32.0) 34 (69.4) 0.005
Preoperative cholangitis, n (%) 4 (16.0) 8 (16.3) 1.000
Diabetes mellitus, n (%) 6 (24.0) 10 (20.4) 0.955
Serum creatinine, mg%, (median, IQR) 0.8 (0.6-0.9) 0.8 (0.6-0.9) 0.672
BMI, kg/m2, mean, (+S.D.) 22.5+2.5 23.0+3.8 0.580
BMI, n (%) 0.198
   <18.5 kg/m2 1 (4.0) 4 (8.2)
   18.5-24.99 kg/m2 21 (84.0) 31 (63.3)
   ≥25 kg/m2 3 (12.0) 14 (28.6)
ASA classification, n (%) 0.458
   ASA I 0 (0.0) 2 (4.1)
   ASA II 17 (68.0) 37 (75.5)
   ASA III 8 (32.0) 10 (20.4)

S.D.=standard deviation, IQR=interquartile range, g/dL=grams per deciliter, mg/dL=milligrams per deciliter, BMI=body mass index, kg/m2= 
kilogram per square meter, ASA=American Society of Anesthesiologist classification

grade B, and grade C in the PPPD group was 20.0% (5 of 

25 patients), 12.0% (3 of 25 patients) and 16.0% (4 of 25 

patients), respectively. While, the incidence of DGE grade 

A, grade B and grade C in the PRPD group was 8.2% (4 

of 49 patients), 4.1% (2 of 49 patients) and 8.2% (4 of 49 

patients), respectively. 

 The average operative times, blood loss and 

incidences of perioperative blood transfusion were 

also comparable between the two groups. The median 

postoperative hospital stay was eight days in both groups. 

Additionally, there was no significant difference in the rates 

of all postoperative complications (Table 3). Death occurred 

in 3 of the 74 patients in the two groups combined (4.1%, two 

patients in the PPPD group, and one patient in the PRPD 

group). Only one patient had an operative-related death, 

which was caused by postpancreatectomy hemorrhaging; all 

others were related to myocardial infarction and pulmonary 

embolism.
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Table 2 Primary and major secondary outcomes

Variable PPPD
(n=25)

PRPD
(n=49)

95% CI p-value

Primary outcome
Delayed gastric emptying, n (%) 12 (48.0) 10 (20.4) 28 (4, 45) 0.029
DGE grade, n (%) 0.088
   A 5 (20.0) 4 (8.2) 12 (-7, 26)
   B 3 (12.0) 2 (4.1) 8 (-9, 20)
   C 4 (16.0) 4 (8.2) 8 (-11, 22)
NG tube reinsertion required, n (%) 8 (32.0) 8 (16.3) 0.211
NG tube required, days, (median, IQR) 3 (1.0-6.0) 1 (1.0-2.0) 0.002
Start of liquid diet(days), (median, IQR) 3 (3.0-6.0) 3 (2.0-5.0) 0.073
Start of solid diet(days), (median, IQR) 4 (4.0-11.0) 4 (3.0-6.0) 0.189
Secondary outcome
Operative time, min, mean, (+S.D.) 485.1+77.5 472.8+88.2 0.556
Operative blood loss, mL, (median, IQR) 400 (250.0-700.0) 500 (300.0-800.0) 0.214
Blood transfusion, n (%) 5 (21.7) 15 (30.6) 0.616
Pancreaticojejunostomy anastomotic technique, n (%) 0.111
   Duct to mucosa technique 23 (92.0) 49 (100.0)
   Dunking technique 2 (8.0) 0 (0.0) 
Presence of ascites, n (%) 0 (0.0) 5 (10.2) 0.160
Postoperative hospital stay, days, (median, IQR) 8 (7.0-15.0) 8 (7.0-13.0) 0.792

DGE=delayed gastric emptying, S.D.=standard deviation, IQR=interquartile range

Table 3 Postoperative complication

Variable
PPPD
(n=25)

PRPD
(n=49) p-value

Postoperative pancreatic fistula, n (%) 5 (20.0) 12 (24.5) 0.887
POPF grade, n (%) 1.000
   A 4 (16.0) 9 (18.3)
   B 1 (4.0) 3 (6.1)
   C 0 (0.0) 0 (0.0)
Bile leakage, n (%) 1 (4.0) 0 (0.0) 0.338
Postpancreatectomy hemorrhage, n (%) 1 (4.0) 1 (2.0) 1.000
PPH grade, n (%) 0.565
   A 0 (0.0) 0 (0.0)
   B 0 (0.0) 1 (2.0)
   C 1 (4.0) 0 (0.0)
Intraabdominal collection, n (%) 4 (16.0) 10 (20.4) 0.761
Surgical site infection, n (%) 5 (20.0) 6 (12.2) 0.492
Re-operation, n (%) 2 (8.0) 2 (4.1) 0.600
Sepsis, n (%) 3 (12.0) 8 (16.3) 0.740
Pulmonary complication, n (%) 3 (12.0) 1 (2.0) 0.109
Mortality, n (%) 2 (8.0) 1 (2.0) 0.262
  Operative-related 1 (4.0) 0 (0.0)
  Non-operative-related 1 (4.0) 1 (2.0)

POPF=postoperative pancreatic fistula, PPH=postpancreatectomy hemorrhage
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Table 4 Regression analysis

Variable
Univariate analysis Multivariate analysis*

Crude OR (95% CI) p-value Adjust OR (95% CI) p-value

PPPD vs. PRPD 3.60 (1.26-10.27) 0.015 8.26 (1.96-34.82) 0.002
Preoperative biliary drainage 0.36 (0.13-1.00) 0.051 0.19 (0.05-0.78) 0.013
P-duct diameter >3 mm 0.50 (0.18-1.44) 0.193 - -
Operative time (min) 1.00 (0.99-1.01) 0.134 - -
Diabetes 0.74 (0.21-2.61) 0.636 - -
BMI >25 kg/m2 1.05 (0.14-8.02) 0.403 - -
POPF 1.40 (0.44-4.42) 0.572 - -
Intraabdominal collection 10.00 (2.67-37.47) <0.001 37.00 (5.68-241.24) <0.001
SSI 3.52 (0.95-13.14) 0.061 - -
Sepsis 5.60 (1.44-21.78) 0.011 - -
Pulmonary complication 8.05 (0.79-82.24) 0.054 - -

PPPD=pylorus-preserving pancreaticoduodenectomy, PRPD=pyloric-ring resection pancreaticoduodenectomy, BMI=body mass index, 
POPF=postoperative pancreatic fistula, SSI=surgical site infection
*Factors from univariate analysis, with a p-value<0.2, and factors, which are literately related were calculated with backward stepwise 
regression analysis, for optimal AIC value, then multivariate analysis was conducted.

 The results of the logistic regression analysis, to 

identify variables associated with DGE, are provided in 

Table 4. Pyloric preserving [adjusted odds ratio (OR)= 

8.26, 95% confidence interval (CI): 1.96-34.82, p-value= 

0.002], preoperative biliary drainage (adjusted OR= 0.19, 

95% Cl: 0.05-0.78, p-value=0.013) and postoperative 

intraabdominal collection (adjusted OR=37, 95% Cl: 5.68-

241.24, p-value<0.001) were independent factors predicting 

DGE by multivariate logistic analysis.

Discussion 
 In this present study, PRPD was significantly 

decreasing the DGE rate compared to PPPD (20.0% vs. 

48.0%), respectively. The DGE rate in the PRPD groups was 

lower when compared to the results from the latest RCTs 20 

(overall DGE for PRPD group=31.2%), which investigated 

the effect of pylorus resection to DGE outcomes. The 

duration of the NG tube requirement in PRPD groups was 

significantly shorter when compared to PPPD groups (1 

day vs. 3 days). In our center, the NG tube was routinely 

removed at postoperative day 1, not according to the volume 

of gastric content. However, it was re-inserted if the patient 

developed nausea, vomiting, or abdominal distension. 

Although, there were no statistically significance, the PPPD 

groups tended to need more NG tube re-insertion.

 Many factors were proposed that relate to DGE. 

Most of them were postoperative complications, which 

directly correlated with the rate of POPF. In our study, 

there was no significant difference in major postoperative 

complications that included POPF, intraabdominal collection, 

and septic complications among both groups. Furthermore, 

the clinical pancreatic leakage (POPF grade B) were merely 

4.0% and 6.1% in PPPD and PRPD groups, respectively. 

None of the patients was classified as POPF grade C in 

this cohort. These results supposed to exclude the effect of 

postoperative complications on the DGE rate in this study.

 The pathogenesis of DGE is still unclear. Many 

factors were reported to increase the risk of DGE, for 

examples general preoperative condition, body mass 

index20, obstructive jaundice, technical aspect (preservation 
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of pylorus, ante colic gastrojejunostomy) and postoperative 

complications (sepsis, intraabdominal collection). There are a 

lot of potential, physiologic changes following PD, especially 

the removal of the duodenum, and alterations in the normal 

path of the gastrointestinal flow were considered to increase 

DGE. The duodenectomy reduces the plasma level of 

motilin that predominately originates from the duodenum, 

resulting in delayed gastric emptying (gastroparesis), by 

reducing coordinated stomach, duodenum, and proximal 

jejunum movements.21 Our study could identify risk factors 

that escalated the DGE rate, including the presence of 

pylorus, intraabdominal collection; whereas, preoperative 

biliary drainage showed that it alleviates the chance of 

developing DGE. 

 Pylorospasm is one of the proposed mechanisms of 

DGE. The concept of pyloric ring resection was introduced 

to reduce the occurrence of DGE, preserving as much 

of the stomach as possible, so as to maintain its gastric 

pooling ability. Moreover, PRPD may preserve the motor 

innervation of the body of the stomach, which, along with the 

absence of pylorus, may precipitate gastric emptying.11 Many 

retrospective studies and 3 RCTs13,14,20 were conducted 

to evaluate the role of pyloric ring resection PD on DGE 

outcomes, but the results are still controversial.  There are 

only 2 Japanese RCTs13,14 that evaluated  DGE, according 

to the ISGPS, and these results are still in controversy as 

well. The limitation of these  studies was the small sample 

size, and one of them14 used retro colic gastroenteric 

anastomosis, which might have affected the rate of DGE; 

although, the impact of the ante or retro colic reconstruction 

on DGE is still under debate. Furthermore, the recently 

published RCT from the Heidelberg group20, which is the 

largest in case numbers, showed no statistically significance 

between PPPD and PRPD. One can argue that: the overall 

DGE rate from the Heidelberg group was surprisingly high 

compared to the Japanese RCTs. From our results, the 

PRPD group had a DGE rate at 20.4%, which is the same 

as the Japanese RCTs. It also demonstrated that PRPD 

was statistically significant in decreasing the DGE rate 

compared to PPPD.  

 Preoperative biliary drainage was identified as the 

factor associated with a reduction of DGE in a meta-analysis 

from Qu et al.22 Our results, from multivariate analysis, 

also support this finding. The possible explanation for this 

phenomenon was that preoperative hyperbilirubinemia 

is considered an important risk factor for postoperative 

complications. Poor clearance of endotoxin from obstructive 

jaundice might have an effect on intestinal motility.23

 The intraabdominal collection has been associated 

with the development of DGE postoperatively. Many retro-

spective studies demonstrated that postoperative pancreatic 

fistula and intraabdominal collection were independently 

associated with DGE.5,9 Intraabdominal collection, and 

infection caused gastroparesis and intestinal ileus. Addi-

tionally, many studies had a high pancreatic fistula rate that 

inevitably affects the rate of DGE. Moreover, the results 

from those studies cannot determine if DGE did or did not 

occur secondarily to these complications. Our study shows 

consistent results with other studies, in which intraabdominal 

collection is the most influential, independent predictor for 

the development of DGE.

 There are several limitations to our study. Firstly, 

we relied on clinical judgment, as to whether the patient 

could or could not tolerate a meal. However, the most 

relevant functional test in a measurement of gastric 

emptying is gastric emptying scintigraphy.24 Secondly, some 

patients might develop DGE from gastrojejunostomy or 

duodenojejunostomy anastomosis swelling, whether from 

secondary intraabdominal collection or surgical technique 

per se. However, the simplest way to prove this by endo-

scopy is risky, due to the early postoperative period. 
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Conclusions
 Although, the development of DGE in postoperative 

PD patients is likely to be multi-factorial, pyloric ring 

resection is one of the modifiable factors that can lead to 

a significant decrease for the risk of DGE. In so saying, 

PRPD should be considered as one of the standard surgical 

treatments.
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