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Abstract
Purpose Clinically relevant postoperative pancreatic fistulas (CR-POPF) occurring after distal pancreatectomy often cause 
intra-abdominal infections. We monitored the presence of bacterial contamination in the ascitic fluid after distal pancrea-
tectomy to clarify the bacterial origin of intra-abdominal infections associated with CR-POPF.
Methods In 176 patients who underwent distal pancreatectomy, ascitic fluid bacterial cultures were performed on postop-
erative days (POD) 1–4 and when the drainage fluid became turbid. The association between postoperative ascitic bacterial 
contamination and CR-POPF incidence was investigated.
Results CR-POPF occurred in 18 cases (10.2%). Among the patients with CR-POPF, bacterial contamination was detected 
in 0% on POD 1, in 38.9% on POD 4, and in 72.2% on the day (median, day 9.5) when the drainage fluid became turbid. A 
univariate analysis revealed a significant difference in ascitic bacterial contamination on POD 4 (p  < 0.001) and amylase 
level on POD 3–4 (p  < 0.001). A multivariate analysis revealed the amylase level and ascitic bacterial contamination on 
POD 4 to be independent risk factors.
Conclusions In the CR-POPF group, ascitic bacterial contamination was not observed in the early postoperative stage, but 
the bacterial contamination rate increased after pancreatic juice leakage occurred. Therefore, CR-POPF-related infections 
in distal pancreatectomy may be caused by a retrograde infection of pancreatic juice.
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Introduction

Postoperative pancreatic fistula (POPF) is the most impor-
tant complications after pancreatic surgery, with a frequency 
of 5–20% [1–3]. The International Study Group of Pancre-
atic Surgery introduced a standardized POPF definition [4], 
and Grade B/C is categorized as clinically relevant POPF 
(CR-POPF), which involve bacterial infection and intra-
abdominal abscess formation. Some reports have shown 
that bacterial contamination in the ascitic fluid is detected 
from the first day after surgery in patients undergoing 
pancreaticoduodenectomy (PD), which is associated with 

intra-abdominal abscess formation following pancreatic 
leakage. Preoperative cholangitis, which often develops in 
patients undergoing PD, reportedly causes early bacterial 
contamination in the ascitic fluid after surgery [5–7]. On the 
other hand, CR-POPF, which is also associated with bacte-
rial infection, occur in 9.0–11% of the patients undergoing 
distal pancreatectomy (DP) [8, 9]. However, the bacterial 
origin of the infections remains unclear in patients undergo-
ing DP.

To clarify the origin of bacterial infection in patients with 
CR-POPF after DP, we monitored the bacterial contamina-
tion of ascitic fluid after DP. This study aimed to investigate 
factors that cause bacterial infection associated with CR-
POPF in patients undergoing DP.
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Materials and methods

Patients

A total of 176 patients who underwent DP at Tokyo Medi-
cal University Hospital from November 2011 to October 
2018 were enrolled in the study. Patients with gastrec-
tomy and/or colectomy data were excluded to avoid the 
effect of bacterial contamination from the intestinal juice. 
Their diagnoses were as follows: intraductal papillary 
mucinous neoplasm (n = 22, 12.5%); pancreatic neuroen-
docrine tumor (n = 15, 8.5%); solid pseudopapillary neo-
plasm (n = 5, 2.8%); pancreatic adenocarcinoma (n = 81, 
46.0%); mucinous cystic neoplasm or serous cystic neo-
plasm (n = 27, 15.3%); and others (n = 26, 14.8%). We 
retrospectively reviewed the patients’ clinical data. This 
study was approved by the institutional review board of 
Tokyo Medical University (SH4036), and the need for 
informed consent was waived because of the retrospec-
tive study design.

Surgical procedure and postoperative management

The pancreas was basically transected using a stapler 
(Echelon 60 blue cartridge: Ethicon Endo-Surgery, Cin-
cinnati, OH, USA, or iDrive Ultra Powered Stapler purple 
cartridge: Medtronic Japan Co. Ltd, Tokyo, Japan). If the 
pancreatic parenchyma was too thick to use the stapler, 
then the pancreas was dissected using an ultrasonic dis-
section device, and the main pancreatic duct was sutured 
with a non-absorbable monofilament thread. The stump 
was sealed with soft coagulation and was not sutured [10].

After resection, the abdominal cavity was washed with 
1000–3000 ml of saline before inserting the drain. A 
10-mm flat drain and closed-suction drains (10-mm, flat 
J-VAC BLAKE Silicone drain; Ethicon Inc., Somerville, 
NJ, USA) were inserted longitudinally into the stump of 
the pancreas. All patients were administered an intraopera-
tive antibiotic prophylaxis of second-generation cephem 
every 3 h. In addition, second-generation cephem was rou-
tinely administered as antibiotic prophylaxis for 3 days 
after surgery. The drain was removed on POD 4 if the 
drainage fluid was clear and the amylase level of the drain-
age fluid was less than three times that of the serum amyl-
ase level. Bacterial cultures and amylase level analyses 
in the ascitic fluid from the pancreatic stump drain were 
performed on POD 1–4 and on the day when the drain-
age fluid became turbid. We defined turbid fluid as serous 
fluid that changed to non-serous fluid. The drainage fluid 
was placed in a test tube and judged by its translucency. 
An amylase level in the ascitic fluid more than three times 

that in the serum was defined as positive for pancreatic 
juice leakage. The International Study Group on Pancre-
atic Surgery definition and grading system of POPF were 
used to define POPF [4]. We defined grade B and C POPF 
as CR-POPF.

Statistical analysis

The analysis results are shown as the median ± maximum 
values. The Mann–Whitney U test or chi-squared test was 
used for comparisons between the two groups. The cutoff 
value for continuous variables was calculated using the 
receiver operating characteristic curve. The risk factors were 
analyzed using logistic regression analysis. A p value <0.05 
was considered to be significant. The IBM SPSS Statistics 
26 software program (IBM Corp., Armonk, NY, USA) was 
used for the statistical analyses.

Results

Pancreatic juice leakage and bacterial 
contamination of ascitic fluid in patients 
with and without CR‑POPF

CR-POPF occurred in 18 patients (10.2%). There was no 
significant difference in the patient factors, tumor factors, 
or transection method between the CR-POPF (−) and CR-
POPF (+) groups (Table 1).

In the CR-POPF (−) group, pancreatic juice leakage 
occurred in 90.5% of the patients on POD 1; however, the 
rate gradually decreased to 25.9% on POD 4. Bacterial con-
tamination of the ascitic fluid was detected in only 3.8% of 
the patients between POD 1 and POD 4. In the CR-POPF (+) 
group, the incidence of pancreatic juice leakage continued to 
be high from POD 1 to POD 4, ranging from 88.9% to 100%. 
The detection rate of the bacterial contamination on POD 1 
was 0%; however, it was 38.9% on POD 4 day (Table 2). The 
detected bacteria were Staphylococcus sp. (n = 4, 22.0%), 
Pseudomonas sp. (n = 2, 11.0%), and Corynebacterium sp. 
(n = 1, 5.5%) (Table 3).

Turbid drainage fluid developed in all patients with CR-
POPF between POD 4 and 14 (median, 9.5 days). Seventeen 
patients (94.4%) had pancreatic juice leakage. The median 
amylase level of ascitic fluid was 3563 (17–358,400) U/L. 
Thirteen patients (72.2%) had bacterial contamination on 
the day when the turbid drainage fluid was noticed (Staphy-
lococcus sp., 38.9%; Corynebacterium sp., 16.7%; Pseu-
domonas sp., 11.1%; and, Streptococcus sp., 5.6%); 53.8% 
of the detected bacteria were the same species as those 
detected on POD 4 (Table 3). Only one type of bacterium 
was detected in each case.
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Risk factors for CR‑POPF

The development rate of pancreatic juice leakage and the 
bacterial contamination rate of ascitic fluid were compared 
between the CR-POPF (−) and CR-POPF (+) groups. A 
univariate analysis revealed that a significant difference was 
observed in pancreatic juice leakage on POD 3 (p < 0.001) 
and POD 4 (p < 0.001), and bacterial contamination on POD 
4 (p < 0.001) (Table 3). A multivariate analysis revealed that 
the pancreatic juice leakage on POD 4 (OR, 8.206; 95% CI, 

1.420–47.424; p = 0.019) and the ascitic bacterial contamina-
tion on POD 4 (OR, 6.076; 95% CI, 1.413-26.132; p = 0.015) 
were independent risk factors for CR-POPF (Table 4).

Discussion

In this study, we investigated the presence of bacterial 
contamination in the ascitic fluid after DP to clarify the 
bacterial origin of infections associated with CR-POPF. 

Table 1  Comparison of the 
patient characteristics and 
surgical results between the 
CR-POPF and non-CR-POPF 
groups

Values are the median (range) or number (%) of patients
BMI body mass index; CR-POPF clinically relevant postoperative pancreatic fistula

CR-POPF + CR-POPF− p value
(n = 18) (n = 158)

Sex
 Male 8 (44.4%) 72 (45.6%) 0.928
 Female 10 (55.6%) 86 (54.4%) 0.460

Age (years) 67.5 (40–80) 66.5 (27–88) 0.525
BMI (kg/m2) 22.9 (16.3–29.6) 22.1 (14.7–33.4) 0.460
Thickness of the pancreas (mm) 15.0 (8–26) 12.7 (5–26) 0.313
Pathology
 Benign and low-grade malignant tumor 9 (50.0%) 94 (59.4%) 0.589
 Malignant tumor 9 (50.0%) 64 (40.5%)

Surgical procedure
 Laparoscopic surgery 15 (83.3%) 115 (72.8%) 0.335
 Open surgery 3 (16.7%) 43 (27.2%)

Intraoperative blood loss (ml) 22.5 (0–1714) 51.0 (0–1757) 0.114
Operation time (min) 203 (155–411) 239 (106–572) 0.198
Pancreatic transection method
 Stapler 16 (88.9%) 144 (91.1%) 0.753
 Ultrasonic dissection device 2 (88.9%) 14 (8.9%)

Table 2  Pancreatic juice 
leakage and bacterial 
contamination of ascetic fluid 
each day after surgery

CR-POPF clinically relevant postoperative pancreatic fistula; POD postoperative day

Ascitic fluid POD CR-POPF + CR-POPF− p value
(n = 18) (n = 158)

Pancreatic juice leakage (three 
times the serum amylase level)

POD 1 18 (100%) 143 (90.5%) 0.172
POD 2 16 (88.9%) 110 (69.6%) 0.086
POD 3 17 (94.4%) 63 (39.9%)  < 0.001
POD 4 18 (100%) 41 (25.9%)  < 0.001
The day the drain-

age fluid became 
turbid

17 (94.4%)

Bacterial contamination POD 1 0 (0%) 2 (1.3%) 0.631
POD 2 1 (5.6%) 4 (2.5%) 0.464
POD 3 2 (11.1%) 6 (3.8%) 0.158
POD 4 7 (38.9%) 6 (3.8%)  < 0.001
The day the drain-

age fluid became 
turbid

13 (72.2%)
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Although some patients had CR-POPF without bacterial 
infection, 77.2% of CR-POPF patients had bacterial con-
tamination of ascitic fluid when drainage fluid changed 
turbid. In these patients, bacterial positivity of drainage 
fluid increased daily during the postoperative course, and 
the amylase level remained high. Staphylococcus was the 
most frequently detected causative bacterium.

Despite reports that bacterial infection is involved in 
POPF after PD, and there are few reports regarding POPF 
after DP [1–3]. Biliary drainage associated with preop-
erative cholangitis may increase infectious complications 
after PD [5, 6, 11]. Postoperative ascitic infection and sur-
gical site infection may be caused by preoperative bile duct 
bacterial infection and intraoperative bile exposure during 
surgery. According to one study, approximately 1000 col-
ony forming units (CFUs) of bacteria per 1 g of duodenal 
contents and about 10,000 CFUs of bacteria inhabit the 
jejunum in the upper small intestine [12]. A gastrointesti-
nal anastomosis is created in PD, and the peritoneal cavity 
may be exposed to bacteria owing to leakage of diges-
tive juice during surgery. In our previous reports, positive 
ascites culture on day 1 after PD was determined to be an 
independent risk factor for POPF. More than half of the 
bacteria were of the Enterococcus sp. [2, 6]. This suggests 
that the bacterium causing POPF following PD originated 
from the digestive juice during surgery. In DP, preopera-
tive cholangitis is extremely rare in the absence of com-
mon bile duct stenosis. There is no bile exposure during 
surgery. In addition, since no gastrointestinal anastomosis 

is used, the possibility of bacterial exposure from the gas-
trointestinal tract is low.

In DP, it has been reported that pancreatic thickness, age, 
obesity, malnutrition, and perioperative hemorrhaging are 
risk factors for POPF [8, 9, 13–15]. However, there have 
been few reports on the relationship between POPF and post-
operative ascitic infection in DP, and no reports have evalu-
ated ascitic bacterial contamination over time. In this study, 
we examined whether early postoperative bacterial infection 
in DP affects CR-POPF. The ascitic bacterial culture results 
on POD 1–3 were not found to be a risk factor for CR-POPF. 
The ascitic bacterial infection rate gradually increased with 
each postoperative day, and ascitic infection on POD 4 
became an independent risk factor for CR-POPF. In the pre-
sent study, postoperative ascitic bacterial culture after DP 
did not detect enterococci such as Enterococcus or E. coli 
in the POPF group, but the incidence of Pseudomonas and 
Staphylococcus increased during the postoperative course. 
According to a report by Marchegiani et al., the ascitic cul-
ture on POD 5 after DP showed positive bacterial results in 
84.8% of cases, and mucosal bacteria accounted for 24.8% 
of the positive cases. In the positive cases, 84.8% were from 
the skin flora [16]. In addition, Yang et al. reported a posi-
tive ascites culture rate of 7.9% by the 3rd postoperative day 
and a 29% positive rate of ascites culture from the fourth to 
seventh days, with Staphylococcus the most frequent isolate 
(29%) [17]. From these results, it is speculated that long-
term retention of the postoperative drain increases the rate 
of positive ascites culture. In this study as well, the rate of 

Table 3  Relationship between 
the isolated bacteria when the 
drainage fluid became turbid

sp species

Case no. Species Postoperative day When drainage 
fluid became turbid

Day when drainage 
fluid became turbid

1 2 3 4

1 Pseudomonas sp. (−) ( +) ( +) ( +) ( +) 12
2 Staphylococcus sp. (−) (−) ( +) ( +) ( +) 9
3 Staphylococcus sp. (−) (−) (−) ( +) ( +) 4
4 Staphylococcus sp. (−) (−) (−) ( +) ( +) 4
5 Staphylococcus sp. (−) (−) (−) ( +) ( +) 14
6 Pseudomonas sp. (−) (−) (−) ( +) ( +) 14
7 Corynebacterium sp. (−) (−) (−) ( +) ( +) 14
8 Streptococcus sp. (−) (−) (−) (−) ( +) 10
9 Staphylococcus sp. (−) (−) (−) (−) ( +) 12
10 Staphylococcus sp. (−) (−) (−) (−) ( +) 9
11 Staphylococcus sp. (−) (−) (−) (−) ( +) 4
12 Corynebacterium sp. (−) (−) (−) (−) ( +) 14
13 Corynebacterium sp. (−) (−) (−) (−) ( +) 10
14 (−) (−) (−) (−) (−) (−) 12
15 (−) (−) (−) (−) (−) (−) 9
16 (−) (−) (−) (−) (−) (−) 7
17 (−) (−) (−) (−) (−) (−) 4
18 (−) (−) (−) (−) (−) (−) 9
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positive ascites culture increased during the postoperative 
course, to 4.4% and 7.7% on the third and fourth days after 
surgery, respectively. In the CR-POPF (+) group, the ascitic 
amylase level remained high over time. An infection of the 
fluid collected at the pancreatic stump may increase pancre-
atic juice leakage. In the case of DP, unlike PD, postopera-
tive drainage may cause retrograde infection and pancreatic 
juice infection, thus resulting in Grade B POPF.

In conclusion, in DP cases, ascitic bacterial contamina-
tion was not observed in the early postoperative period, but 
the bacterial contamination rate increased after the occur-
rence of pancreatic juice leakage. Therefore, CR-POPF-
related infections in DP may be caused by a retrograde infec-
tion of the pancreatic juice during the postoperative course, 
thus suggesting that the removal of the drain may reduce the 
CR-POPF rate after distal pancreatectomy.
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