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Abstract 
Background: Endoscopic retrograde cholangiopancreatography (ERCP) is commonly performed 
for biliary drainage and examination of the biliary and pancreatic duct before pancreaticoduode-
nectomy (PD). The influence of preoperative post-ERCP pancreatitis on PD is unknown. The aim of 
this study was to evaluate the relation between post-ERCP pancreatitis before PD and surgical 
outcomes of PD. Methods: We examined 38 patients who underwent PD. The relations between 
post-ERCP pancreatitis before PD and perioperative factors of PD such as patient characteristics, 
operative findings, and postoperative course were evaluated with univariate and multivariate 
analyses. Results: Post-ERCP pancreatitis was observed in 12 (37.5%) of the 38 patients. Univa-
riate analyses showed operative procedure (P = 0.034), operation time (P = 0.004), blood loss (P = 
0.031), C-reactive protein (P = 0.043), and delayed gastric emptying (P = 0.035) to be significantly 
associated with post-ERCP pancreatitis. Multivariate analyses showed operation time (OR, 1.017; 
95%CI, 1.000 - 1.034; P = 0.049) and delayed gastric emptying (OR, 18.72; 95%CI, 1.139 - 307.6; 
P = 0.040) to be significantly associated with post-ERCP pancreatitis. Conclusions: Post-ERCP pan-
creatitis was associated with prolonged operation time and delayed gastric emptying in patients 
undergoing PD. 
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1. Introduction 
Endoscopic retrograde cholangiopancreatography (ERCP) is commonly performed for patients with periampul-
lary cancer or cancer of the pancreas head to examine the biliary and pancreatic ducts. However, ERCP is asso-
ciated with a relatively high complication rate. The reported incidence of complications ranges from 5% to 40%, 
depending on the complexity of the procedure, the underlying diagnosis, and patient co-morbidities [1]-[3]. 
Pancreatitis is seen as the most frequent complication of ERCP, followed by cholangitis, duodenal hemorrhage, 
and duodenal perforation [1]-[3]. Post-ERCP pancreatitis is a feared complication that is associated with sub-
stantial morbidity and occasional mortality [4] [5]. 

Pancreaticoduodenectomy (PD) is also performed for patients with periampullary and pancreas head cancer 
because of the possibility of curative treatment. PD is one of the most complex abdominal surgeries, requiring 
high-quality techniques and perioperative management. Postoperative mortality after PD has decreased to below 
5% in the past 10 - 15 years [6]-[8]. However, mortality is still high, and overall morbidity, including that from 
pancreatic fistula, delayed gastric emptying, intra-abdominal bleeding, and intra-abdominal abscess, has re-
mained high, ranging from 30% - 60% [9]-[11]. In particular, pancreatic fistula still occurs in 5% to 40% of pa-
tients [11]-[13], and delayed gastric emptying occurs in 22% to 52% of patients undergoing PD [14] [15] despite 
refinements in surgical techniques and methods of perioperative management. 

It is possible that post-ERCP pancreatitis can cause fibrosis and adhesions of the pancreas and surrounding 
tissue. These complications might increase both the surgical difficulty of subsequent PD and the risk of compli-
cations. However, scarce data are available on the influence of previous post-ERCP pancreatitis on PD. The aim 
of this study was to evaluate the relation between post-ERCP pancreatitis before PD and surgical outcomes of 
PD. 

2. Patients and Methods 
2.1. Patients 
Between January 2009 and December 2012, 38 consecutive Japanese patients underwent PD, including pylo-
rus-preserving PD (PPPD) and subtotal stomach-preserving PD (SSPPD), at the Department of Surgery, Nation-
al Hospital Organization Beppu Medical Center, Oita, Japan. Patient characteristics, operative findings, and 
postoperative course were examined retrospectively. We followed the ethical principles stated in the guidelines 
of the World Medical Association’s Declaration of Helsinki in this study. 

2.2. Assessment of Post-ERCP Pancreatitis 
According to the criteria of Cotton et al., post-ERCP pancreatitis was diagnosed by the presence of a serum 
amylase level of over three times the upper limit of normal (>375IU/L) at approximately 18 h (the next morning) 
after the surgical procedure [16]. 

2.3. Definition of Operative Complications 
According to the definition by the ISGPF [17], pancreatic fistula was classified as one of four categories: no fis-
tula, biochemical evidence of fistula as defined by surgical drain amylase level greater than three times the se-
rum level without clinical consequence (grade A), biochemical evidence of fistula requiring clinical intervention 
such as percutaneous drainage or total parental nutrition (grade B), and biochemical evidence of fistula with se-
vere clinical sequelae necessitating intensive care unit admission or re-operation (grade C). Gastric emptying 
was considered delayed when postoperative gastric suction was required for more than 10 days or when there 
was an inability to tolerate a solid diet on or before the 14th postoperative day [14] [18]. Diagnoses were histo-
pathologically assessed after surgery. 

2.4. Univariate and Multivariate Analyses 
The patients were divided into two groups: post-ERCP pancreatitis (+) and (−). Patients who did not undergo 
ERCP were included in the post-ERCP pancreatitis (−) group. Univariate analysis was performed to compare the 
perioperative characteristics between the post-ERCP pancreatitis (+) group and (−) group. We included the 
following 13 potentially important factors in the analyses, considering their clinical significance: 1) operative 
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procedure (PPPD vs others), 2) reconstruction of portal vein 3) operation time, 4) blood loss, 5) blood transfu-
sion (yes vs no), 6) diagnosis (pancreas cancer vs others), 7) white blood cell count on postoperative day 1, 8) 
serum amylase level on postoperative day 1, 9) C-reactive protein (CRP) level on postoperative day 3, 10) clini-
cally significant (grade B and C) pancreatic fistula, 11) duration of intraabdominal drainage after surgery, 12) 
delayed gastric emptying (yes or no), and 13) hospital stay after surgery. 

Similarly, multivariate analysis was performed to identify the most valuable clinical characteristics associated 
with post-ERCP pancreatitis from among those selected by the univariate analysis. 

2.5. Statistical Analysis 
All data are expressed as means ± SD. Results of the univariate and multivariate logistic regression analyses are 
expressed as adjusted odds ratio (OR) with 95% confidence interval (CI). A value of P < 0.05 was considered to 
be statistically significant. All statistical analyses were performed with Dr. SPSS II software version 11.01 J 
(SPSS Japan Inc., Tokyo, Japan). 

3. Results 
3.1. Patient Characteristics and Perioperative Factors 
No operative mortality occurred in the 38 patients. Patient characteristics and perioperative factors are shown in 
Table 1. The patients comprised 25 men and 13 women (male-to-female ratio: 1.9:1) with a mean age of 71.5 ± 
9.0 years. The surgical procedures used were PPPD in 24 patients, SSPPD in 7, and PD in 7. Mean operation 
time was 478 ± 98 min, and mean blood loss was 1424 ± 1630 ml. Of the 38 patients, 22 (59.5%) required blood 
 

Table 1. Patients characteristics (n = 38). 

Age 71.5 ± 9.0 
Sex (male/female) 24/14 
BMI (kg/m2) 20.9 ± 3.3 
Preoperative serum bilirubin (mg/dl) 1.1 ± 0.9 
Operative procedure  

PPPD 24 
SSPPD 7 
PD 7 

Reconstruction of portal vein 7 
Operation time (min) 478 ± 98 
Blood loss (ml) 1424 ± 1630 
Transfusion 22 
Diagnosis  

Pancreas cancer 25 
Bile duct cancer 7 
Cancer of ampulla of Vater 3 

Others 3 

Postoperative Laboratory tests  

White blood cell (/μl) 8971 ± 2831 

Serum amylase (IU/L) 160 ± 185 

C-reactive protein (mg/dl) 13.9 ± 5.5 

Removal of drainage tube (days) 17.2 ± 9.3 

Pancreatic fistula 8 

Delayed gastric emptying 8 

Hospital stay (days) 39.2 ± 11.7 

BMI: body mass index; PPPD: pylorus-preserving pancreaticoduodenectomy; SSPPD: subtotal stomach-pre- 
serving pancreaticoduodenectomy; PD: pancreaticoduodenectomy. Data are expressed as mean ± SD. 
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transfusion. The diseases warranting PD included pancreas cancer in 25 patients, bile duct cancer in 7, cancer of 
the ampulla of Vater in 3, and others in 3 patients. 

3.2. Characteristics of the ERCP Procedure 
Characteristics of the ERCP procedure are presented in Table 2. ERCP was performed for 32 patients, and 23 
patients underwent endoscopic retrograde biliary drainage. The average serum bilirubin before ERCP was 4.3 ± 
4.1 mg/dl. The average serum amylase level at approximately 18 h after ERCP was 461 ± 662 IU/L, and post- 
ERCP pancreatitis was observed in 12 (37.5%) of the 32 patients. Duration between ERCP and the PD operation 
was 28 ± 15 days. 

3.3. Outcomes of Univariate Analysis 
The results of univariate analysis of factors related to post-ERCP pancreatitis are shown in Table 3. Operative 
procedure, operation time, blood loss, C-reactive protein, and delayed gastric emptying were found to be signif-
icantly associated with post-ERCP pancreatitis. 

3.4. Outcomes of Multivariate Analysis 
Results of multivariate analysis of factors related to post-ERCP pancreatitis are shown in Table 4. Multivariate 
analysis was performed using the 5 factors selected by univariate analysis. Operation time (OR, 1.017; 95%CI, 
1.000 - 1.034; P = 0.049) and delayed gastric emptying (OR, 18.72; 95%CI, 1.139 - 307.6; P = 0.040) were 
found to be significantly associated with post-ERCP pancreatitis. 
 
Table 2. Results of ERCP (n = 32). 

ERBD 23 

Serum bilirubin (mg/dl) before ERCP 4.3 ± 4.1 

Serum amylase (IU/L) after ERCP 461 ± 662 

Post-ERCP pancreatitis 12 

Duration between ERCP and operation (days) 28 ± 15 

ERCP: endoscopic retrograde cholangiopancreatography; ERBD: endoscopic retrograde biliary drainage. 
 
Table 3. Univariate analysis regarding post-ERCP pancreatitis. 

 post-ERCP pancreatitis (-) n = 26 post-ERCP pancreatitis (+) n = 12 P value 

Operative procedure (PPPD/others) 20/6 4/8 0.034 

Reconstruction of portal vein 3 4 0.113 

Operation time (min) 446 ± 58 542 ± 133 0.004 

Blood loss (ml) 1037 ± 779 2235 ± 2501 0.031 

Blood transfusion 14 8 0.470 

Diagnosis (pancreas cancer/others) 15/11 9/3 0.317 

Postoperative Laboratory tests    

White blood cell (/μl) 8797 ± 2769 9348 ± 3050 0.583 

Serum amylase (IU/L) 137 ± 140 210 ± 259 0.266 

C-reactive protein (mg/dl) 12.6 ± 5.5 16.5 ± 4.9 0.043 

Removal of drainage tube (days) 16 ± 7 19 ± 13 0.333 

Pancreatic fistula 5 3 0.738 

Delayed gastric emptying 3 5 0.035 

Hospital stay (days) 39 ± 12 39 ± 12 0.989 

ERCP: endoscopic retrograde cholangiopancreatography; PPPD: pylorus preserving pancreaticoduodenectomy; SSPPD: subtotal stomach preserving 
pancreaticoduodenectomy; PD: pancreaticoduodenectomy. 
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Table 4. Multivariate logistic regression analysis regarding post-ERCP pancreatitis. 

 OR 95%CI P value 

Operative procedure 5.388 0.660 - 44.01 0.116 

Operation time 1.017 1.000 - 1.034 0.049 

Blood loss 1.000 0.999 - 1.001 0.958 

Postoperative C-reactive protein 1.049 0.869 - 1.265 0.619 

Delayed gastric emptying 18.720 1.139 - 307.6 0.040 

ERCP: endoscopic retrograde cholangiopancreatography; OR: odds ratio; CI: confidence interval. 

4. Discussion 
The present study examined the relation between post-ERCP pancreatitis before PD and 13demographic, clini-
copathological, and surgical factors of PD. Multivariate analyses revealed that operative time and delayed gas-
tric emptying were significantly associated with post-ERCP pancreatitis. The present study suggests that the oc-
currence of post-ERCP pancreatitis may lead to prolonged operation time and postoperative delayed gastric 
emptying. 

ERCP is often performed for the diagnosis and treatment of periampullary cancer, such as cancer of the pan-
creas head, bile duct, and ampulla of Vater. Whereas the overall incidence of post-ERCP pancreatitis ranges 
from 1% to 6%, the incidence of post-ERCP pancreatitis may exceed 30% in patients considered to be high risk 
[3] [5] [19]. Younger patients, difficult cannulation, a cut or dilated papilla, and >1 injection of contrast into the 
pancreatic duct are associated with post-ERCP pancreatitis [2]. In the present study, post-ERCP pancreatitis was 
associated with operation time and delayed gastric emptying. Therefore, appropriate technical prophylaxis dur-
ing ERCP, such as avoiding cutting of the papilla and plural injections of contrast into the pancreatic duct, 
should be considered in preoperative patients with periampullary cancer. 

In the present study, post-ERCP pancreatitis led to prolonged operation time. Post-ERCP pancreatitis may be 
associated with adhesions around the pancreatic head. In patients undergoing PD, we sometimes encounter dif-
ficulty when dissecting around the pancreatic head due to adhesions, although there is no cancerous invasion to 
surrounding structures such as the portal vein, supramesenteric vein, and mesenterium of the transverse colon. 
When there is an adhesion between the pancreas and the portal vein, the surgeon must operate carefully. As a 
result, operation time may be prolonged in such cases. 

Delayed gastric emptying is one of the most common complications after PD [20] [21]. Although an imbal-
ance in gastrointestinal peptides due to resection of the duodenum is reported as one reason for this, not all pa-
tients undergoing PD suffer this complication. The cause has not been well understood. It was initially reported 
that the incidence of delayed gastric emptying was higher in patients undergoing PPPD than in those undergoing 
standard PD with antrectomy [18]; however, this theory was denied in the later literature [21]. Some evidence 
has been reported previously on the association between delayed gastric emptying and postoperative complica-
tions, such as pancreatic fistula, postoperative pancreatitis, and overall complications [15] [22]. In the present 
study, post-ERCP pancreatitis was associated with delayed gastric emptying. Inflammation around the pancreas 
head and prolonged operation time caused by post-ERCP pancreatitis may lead to delayed gastric emptying. 

Preoperative biliary drainage was performed routinely in the patients with obstructive jaundice caused by pe-
riampullary cancer in this series. In many centers, preoperative biliary drainage has been incorporated into the 
surgical treatment of the periampullary cancer. Presently, the necessity for preoperative biliary drainage is con-
troversial. In several studies, preoperative biliary drainage reduced morbidity and mortality after surgery for pe-
riampullary cancer [23] [24]. However, recent studies showed that the overall complication rate in patients un-
dergoing preoperative biliary drainage was higher than that in patients who proceeded directly to surgery and 
that the procedure increased the rate of complications [25] [26]. This difference was partially explained by com-
plications associated with the preoperative biliary drainage procedure itself. ERCP is useful for diagnosis and 
treatment of patients with jaundice due to periampullary cancer. However, if preoperative ERCP for biliary 
drainage is not needed, then ERCP may also not be needed for patients who can be diagnosed by non-invasive 
methods such as computed tomography and magnetic resonance cholangiopancreatography. 
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5. Conclusion 
In conclusion, the present retrospective study suggested that the occurrence of post-ERCP pancreatitis may lead 
to prolonged operation time and delayed gastric emptying in patients undergoing PD. 
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