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Abstract
Objective Distal pancreatectomy (DP) remains associated with significant morbidity, but little data is available about the clinical
significance of drain contamination. We explored the incidence, risk factors, and association with surgical outcomes of positive
drainage culture (PDC) after DP. In addition, the predictive capacity of early PDC for postoperative pancreatic fistula (POPF) was
evaluated.
Methods We retrospectively analyzed our prospectively collected database of patients who underwent DP between January 2005
and December 2015. Surveillance drainage cultures for microorganisms were conducted until drain removal or positive culture.
The relationships between clinical variables and PDC were examined.
Results Of 480 consecutive cases who underwent DP, 176 (36.7%) had PDC. One hundred twelve patients (23.3%) developed
POPF according to the 2016 ISGPS definition, with the 90-daymortality rate of 0.2%. Staphylococcus spp. was the most frequent
isolate. Thirty-eight (21.6%) patients had PDC within 3 days after surgery, and 129 (73.3%) within the first 7 days of operation.
Body mass index (BMI) ≥ 25 kg/m2 and massive intraoperative blood loss were independent predictors for PDC. PDC had a
negative impact on surgical outcomes, including POPF. Early PDC was identified as a newly independent risk factor for POPF.
Compared with other microorganisms, those contaminated with Staphylococcus and Klebsiella had higher incidences of POPF.
Conclusions PDC occurs commonly after DP and plays a critical role in the development of surgical morbidities including POPF.
Extreme caution is warranted in patients involving contamination with specific types of microorganisms.

Keywords Distal pancreatectomy . Postoperative complication . Postoperative pancreatic fistula .Major complication . Drainage
culture

Distal pancreatectomy (DP) is a frequent intervention to treat
various neoplastic diseases involving the pancreatic body and
tail. The mortality rate after DP has decreased to as low as zero
to 7.3%.1, 2 However, the morbidity rate remains high, ranging
from 36.5 to 50.1% over the past decades,3,4 despite

improvements in surgical techniques and perioperative man-
agement strategies. Postoperative pancreatic fistula (POPF)
occurs more frequent ly af ter DP compared with
pancreaticoduodenectomy (PD).4,5 Clinically relevant (CR)
POPF (grade B/C), which has been reported to occur in
14.8–27.7% of patients, is the most challenging complication
after DP.6,7 It has been demonstrated to be associated with
several fatal complications, such as intra-abdominal abscess,
hemorrhage, and sepsis, which can prolong the length of hos-
pital stay and increase hospitalization costs. Infectious com-
plications, mainly infected POPF, which occurred in one-
quarter of patients received DP, have been shown a negative
impact on surgical outcomes.4

With regard to DP, opinions differ as to the risk of POPF
developing when routine drainage is used. Traditionally, it is
thought that drains could help controlled evacuation of pan-
creatic secretions when leaks occur and early recognition of
POPF or hemorrhage, thereby decreasing potential
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complications.3 Although prevalence of infection in abdomi-
nal discharge was frequent postoperatively, prophylactic intra-
peritoneal drains in DP could be effective for reducing fistula
severity and preventing POPF from developing into lethal
complications.8, 9 A recent prospective randomized trial com-
paring DP with and without intraperitoneal drainage showed
that clinical outcomes were comparable between the two
groups.6 However, several studies claimed that routine intra-
peritoneal drain placement was associated with a higher inci-
dence of POPF following DP.3,8,10 Furthermore, delayed drain
removal could promote the development of POPF.11 Our pre-
vious study demonstrated that positive drainage culture (PDC)
was associated with postoperative complications, including
POPF, hemorrhage, intra-abdominal abscess, major complica-
tions, and re-operation after PD.12 However, thus far, the re-
lationship between PDC and postoperative complications af-
ter DP remains unclear.

Many factors such as age, obesity, hypoalbuminemia, intra-
operative amylase concentration, and drain fluid amylase on
postoperative day 1 (POD1) have been shown to be associated
with the occurrence of POPF after DP.8,13–15 More recently,
several studies showed that bacterial contamination of drain
fluid induced the development of POPF after PD.16–19

However, there are no data available regarding the predictive
value of early positive bacterial culture from drain fluid
(POD1 to POD3) for POPF after DP. Therefore, this study
was conducted to investigate the relationship between PDC
and postoperative complications following DP; furthermore,
we evaluated the predictive capacity of early bacterial contam-
ination in abdominal discharge for the development of POPF.

Methods

A single-center retrospective analysis using prospectively col-
lected data of consecutive cases of DP performed for benign
or malignant tumors of the pancreatic body and tail at our
institution between January 2005 and December 2015 was
conducted. Eligible patients who underwent elective DP per-
formed by pancreatic surgical specialists were enrolled in this
study. The study was approved by the ethics committee of our
institution.

Perioperative Management

The perioperative management has been described in a previ-
ous study.12 The difference is that pancreatic stump was
closed using handsewn method (with or without suture liga-
tion of the main pancreatic duct) or triple-row stapler without
reinforcement. In cases of stapled closure, the closed pancre-
atic duct was oversewn as far as possible using 4–0 absorbable
suture.20 Neither tissue patches nor biologic sealants for the
pancreatic stump were employed during our operation. Two

closed suction drains were placed along the superior and in-
ferior borders of the pancreatic stump positioning in the bed of
the resected pancreas near the transected margin. Another
drain may be placed in the left subphrenic space from the left
upper abdomen according to whether splenectomy had been
performed (Supplementary Fig. 1).

Antibiotic prophylaxis consisting of cephalosporins (such
as cephazolin, cefotiam, cefoxitin, and cefuroxime) was intra-
venously administered 30 min before skin incision, then
redosed every 4 h until the end of the surgery. An additional
short-term antibiotic course was used for about 3 days post-
operatively. Whenever a patient had infectious complications,
antibiotic treatment was started empirically (vancomycin for
suspected gram-positive infection, carbapenems, and quino-
lones for suspected gram-negative infection)12 and adjusted
according to the antimicrobiologic susceptibility results.
Antibiotics were discontinued after confirmation of no symp-
toms of infection, and decrease of the patient’s serum inflam-
matory indicators including white blood cell count, C-reactive
protein, and procalcitonin. Somatostatin anologues were used
for prevention of POPF postoperatively. Blood glucose was
routinely measured 3 to 4 times a day, and if high, insulin was
subcutaneously administered with a target level set in the
range of 110 to 150 mg/dl. Measurement of amylase level in
the drain fluid was performed daily from POD1 to POD5, and
then every other day until drains removed or patient
discharged. Drain fluid culture for aerobic/anaerobic microor-
ganisms was started on POD1 to POD3, and every 2 to 3 days
thereafter until drains removed or positive cultured. Drains
were removed when the drain fluid amylase value was less
than 3 times the upper limit of the normal serum level (about
600 U/L) with imaging studies showing no peri-pancreatic
fluid collection.

Data Collection and Definition of Variables

Clinicopathologic factors collected for data analysis included
gender, age, body mass index (BMI), smoking history, preop-
erative comorbidity, American Society of Anesthesiologists
(ASA) score, preoperative blood biochemical test results, pre-
operative chemoradiation, estimated intraoperative blood loss
and transfusion, surgical procedure, operation time, vessel re-
section, pathological diagnosis, postoperative serum and drain
amylase levels, and complications and results of drainage cul-
ture (including the date).

Both the 2005 International Study Group for Pancreatic
Fistula (ISGPF) and 2016 International Study Group on
Pancreatic Surgery (ISGPS) definition and grading system of
POPF were used to define POPF.21,22 The definitions and
grading systems of the ISGPS were used for other complica-
tions such as delayed gastric emptying (DGE) and
postpancreatectomy hemorrhage (PPH).23,24 Intra-abdominal
abscess was defined as intra-abdominal fluid collection with
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positive cultures detected by computed tomography or ultra-
sonography. The severity of surgical morbidity was graded
according to the Clavien-Dindo classification.25,26

Complications of grade ≥ III were considered as major.27

The 90-day mortality was defined as any death that occurred
in hospital or within 90 days of DP.4 Readmission was defined
as admission to our hospital within 30 and 90 days of dis-
charge home after surgery. Those who were readmitted more
than once within the periods were counted only once.28

Statistical Analysis

Data were described as frequencies (percentages of popula-
tion) and median (interquartile range). The Pearson Chi-
square, Fisher’s exact, and Mann-Whitney U tests were used
to identify univariate associations between baseline character-
istics and outcome measures. Variables with a P value less
than 0.05 were included in multiple logistic regression
models. The optimal discriminator value for continuous vari-
able was determined by the receiver operating characteristic
(ROC) curve analysis. The optimal cut-off value was assessed
using the Youden index.29 To display cumulative incidence of
PDC after DP over time, Kaplan-Meier estimates of the time
to first event were created and compared by the log-rank tests.
All statistical analyses were performed using the SPSS
Version 24.0 (SPSS Inc., Chicago, IL, USA), and P < 0.05
was considered statistically significant.

Results

Patient Characteristics and Perioperative Outcomes

Four hundred eighty patients ranged in age from 18 to
86 years (median 58 years) were included. There were
231 (48.1%) men and 249 (51.9%) women. Pancreatic car-
cinoma occurred in 211 (44.0%) patients. Among 266
(55.4%) patients with malignant disease, 11 (2.3%) had
vessel resection. Eighty (16.7%) patients received spleen
preserving DP. The mean operation time was 3.4 ± 1.2 h,
and intra-operative red blood cell transfusion was needed
in 125 (26.0%) patients. Major complications occurred in
27 (5.6%) patients, and a total of 112 patients (23.3%)
developed POPF according to the 2016 ISGPS definition.
When comparing with the 2005 scheme, grade B POPF
increased from 21.3 to 22.3%, while grade C decreased
from 2.1 to 1%. Figure 1 shows the POPF rates according
to the 2005 ISGPF and 2016 ISGPS classifications and
their distribution in terms of grade severity. The 90-day
mortality was 0.2%, with re-operation rate of 2.5%. The
median length of postoperative hospital stay was 11 days,
with 30- and 90-day non-plan readmission rates of 5.8%
and 6.9%, respectively.

Incidence, Bacteriology, and Time of PDC

Of the 480 patients, 176 (36.7%) had PDC during the postop-
erative period. Among them, a total of 259 isolates were
yielded. A total of 106 (40.9%) were gram-positive bacteria,
143 (55.2%) gram-negative, and 10 (3.9%) fungi. The propor-
tion of gram-positive to gram-negative cultures did not change
over time (P = 0.249 for Period2005–2010 vs Period2011–2015).
Distribution of isolated microorganisms is shown in Fig. 2 a.
Staphylococcus spp. (29%) was the most frequent isolate,
followed by acinetobacter spp. (19%) and pseudomonas
spp. (13%). A total of 66 (37.5%) cases had poly-microbial
infection. Gram-positive bacteria were found in 90 (51.1%) of
176 patients, gram-negative bacteria in 107 (60.8%), and fun-
gi in 10 (5.7%) (Fig. 2 b). The cumulative rate of PDC was
100% versus 17.4% for those with and without 2016 POPF
(P < 0.0001 by log-rank test). Thirty-eight (21.6%) patients
developed PDC within 3 days after surgery, and 129
(73.3%) within the first 7 days of operation (Fig. 2 c).

Risk Factors for PDC

Four preoperative and intra-operative variables were shown to
be associated with PDC by univariate analysis (Table 1).
Patients with BMI ≥ 25 kg/m2, having combined colectomy,
massive intraoperative blood loss (≥ 550 ml), or prolonged
operation (≥ 5.5 h) had a greater frequency of PDC than those
without. Multivariate analysis revealed that BMI ≥ 25 kg/m2

and massive intraoperative blood loss were independent pre-
dictors for PDC.

Impact of PDC on Surgical Outcomes

Patients with PDC had significantly higher incidences of over-
all morbidity, POPF, intra-abdominal abscess, major compli-
cations and reoperation, and subsequently longer hospital
stays than those with negative drainage culture. However,
PDC was not associated with incidences of DGE, PPH, mor-
tality, and readmission (Table 2).

Fig. 1 POPF incidence and grade distribution after distal pancreatectomy
according to the ISGPF 2005 and ISGPS 2016 classification
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Association Between Early PDC and POPF

We hypothesized that bacteria from drain fluid during the
early postoperative period might trigger the development of
POPF after DP. To examine whether early detected bacteria
were associated with POPF, we performed a separate analysis,
in which PDC were stratified according to day of positive

culture (early, ≤ 3 days vs late, > 3 days). Interestingly, late
PDC had no significantly higher rates of complications than
early PDC (all P > 0.05, Table 3), which suggested that the
impact of PDC on postoperative complications including
POPF was also significantly contributed by early bacterial
contamination of drain fluid. Patients who developed POPF
after DP often had higher BMI, and greater incidences of

Table 1 Factors associated with PDC after distal pancreatectomy

Patients (%) PDC (%) P value Multivariable analysis

Odds ratio P value

Age ≥ 63 years 178 (37.1) 37.1 0.8857

Male sex 231 (48.1) 37.2 0.8053

BMI ≥ 25 kg/m2 110 (22.9) 45.5 0.0294 1.695 (1.092–2.631) 0.0186

Smoking 96 (20.0) 42.7 0.1696

Diabetes 106 (22.1) 34.9 0.6699

Hypertension 123 (25.6) 35.8 0.8114

History of abdominal surgery 131 (27.3) 37.4 0.8371

Preoperative chemoradiation 19 (4.0) 52.6 0.1406

Hemoglobin < 105 g/L 23 (4.8) 52.2 0.1137

Total bilirubin ≥ 1 mg/dl 40 (8.3) 32.5 0.5679

Serum albumin < 35 g/L 24 (5.0) 29.2 0.4341

Scr ≥ 68 umol/L 212 (44.2) 36.3 0.8888

ASA (II-III) 261 (54.4) 38.3 0.4135

Pancreatic carcinoma 211 (44.0) 35.5 0.6515

Malignant disease 266 (55.4) 35.3 0.5008

Lesion size ≥ 2 cm 431 (89.8) 37.1 0.5384

Vessel resection 11 (2.3) 18.2 0.3424

Combined colectomy 25 (5.2) 56.0 0.0394 1.940 (0.823–4.576) 0.1300

Spleen preserving 80 (16.7) 35.0 0.7347

Intra-operative massive blood loss (≥ 550 ml) 90 (18.8) 50.0 0.0036 1.764 (1.072–2.905) 0.0256

Prolonged operation (≥ 5.5 h) 42 (8.8) 52.4 0.0269 1.396 (0.690–2.822) 0.3531

Blood transfusion 125 (26.0) 40.0 0.3685

PDC, positive drainage culture; BMI, body mass index; Scr, serum creatinine; ASA, American Society of Anesthesiologists

Fig. 2 Bacteriology and time of positive drainage culture (PDC). Distribution of microorganisms isolated (a). Bacterial composition ratio and number of
patients with PDC (b). Kaplan-Meier estimates of cumulative incidence of PDC (c)
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massive intraoperative blood loss and prolonged operation.
Patients received combined colectomy had greater risks of
POPF, while those with malignant disease had significantly
fewer POPF. On the other hand, early PDC was significantly
associated with POPF (P < 0.0001). Multivariable logistic re-
gression revealed that BMI ≥ 25 kg/m2, benign disease,
prolonged operation, and early PDC (odds ratio [OR] 5.300,
95% confidence interval [CI] 2.605 to 10.786) were indepen-
dent predictors for POPF (Table 4).

Relationship Between Types of Microorganisms
and 2016 POPF

The relationship between types of microorganisms and 2016
POPF was investigated. Among the total cohort, contamina-
tion with either gram-positive or gram-negative bacteria sig-
nificantly correlated with POPF. Polymicrobial contamination

also contributed to the occurrence of POPF. In addition,
S taphy l o coccu s , En t e rococcus , Pseudomonas ,
Acinetobacter, Stenotrophomonas, E. coli, Klebsiella spp.,
and fungi were isolated significantly more frequently in pa-
tients with POPF. In a separate analysis restricted to those with
PDC, contamination with gram-positive bacteria occurred sig-
nificantly more often in the POPF group. Nevertheless, only
Staphylococcus and Klebsiella were isolated more frequently
in those with POPF (Table 5). These results indicate that spe-
cific types of microorganisms play critical roles in the devel-
opment of POPF after DP.

Discussion

The incidence of infectious complications after DP has been
revealed to be around 25%,4,30 most of which involved

Table 2 Impact of PDC on
surgical outcomes after distal
pancreatectomy

NDC (n = 304) PDC (n = 176) P value

Total complications 134 (44.1%) 138 (78.4%) < 0.0001

2005 POPF (all) 90 (29.6%) 115 (65.3%) < 0.0001

Grade A 90 (100%) 3 (2.6%)

Grade B 0 (0%) 102 (88.7%)

Grade C 0 (0%) 10 (8.7%)

2016 POPF (all) 0 (0%) 112 (63.6%) < 0.0001

Grade B 0 (0%) 107 (93.0%)

Grade C 0 (0%) 5 (4.3%)

DGE (all) 4 (1.3%) 2 (1.1%) 1.0000

Grade A 0 (0%) 1 (50%)

Grade B 2 (50%) 1 (50%)

Grade C 2 (50%) 0 (0%)

PPH 0 (0%) 2 (1.1%) 0.1340

Intraabdominal abscess 8 (2.6%) 15 (8.5%) 0.0036

Clavien-Dindo classification < 0.0001

I 66 (21.7%) 8 (4.5%)

II 59 (19.4%) 112 (63.6%)

III a 6 (2.0%) 4 (2.3%)

III b 0 (0%) 11 (6.3%)

IVa 3 (1.0%) 2 (1.1%)

IV b 0 (0%) 0 (0%)

V 0 (0%) 1 (0.6%)

Major complications 9 (3.0%) 18 (10.2%) 0.0009

Re-operation 0 (0%) 12 (6.8%) < 0.0001

Mortality 0 (0%) 1 (0.6%) 0.3667

30-day readmission 14 (4.6%) 14 (8.0%) 0.1314

90-day readmission 17 (5.6%) 16 (9.1%) 0.1443

Post-surgical hospital stay (d) 10 (8–13) 14.5 (10–21) < 0.0001*

Data are number of patients (%), or median (IQR). PDC, positive drainage culture; NDC, negative drainage
culture; POPF, postoperative pancreatic fistula;DGE, delayed gastric emptying; PPH, postpancreatectomy hem-
orrhage; IQR, interquartile range. *Mann-Whitney U test
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infected POPF. Although the mechanism is unclear, drain flu-
id microbial contamination is considered to play a potential

role in turning an Binnocent^ leak into a POPF.31 Marchegiani
et al.31 reported that the rate of drain fluid contamination after
DP was 21.8%; however, they only conducted the microbio-
logic analysis on POD5. The positive rate of drain fluid cul-
ture in our series was 36.7%, which was similar to that after
PD.12 The rate of PDC increased rapidly between POD3 and
POD7, indicating a correlation between delayed drain remov-
al and significant increase in PDC.

Consistent with previous reports,4,31 the present and our
previous studies revealed that Staphylococcus spp. was isolat-
edmore frequently from intraperitoneal drainage after DP than
PD.12 This indicated that the risk profile in terms of drain fluid
contamination following DP was a little different from that
following PD.4,30,31 PD is a relatively complex surgical pro-
cedure that involves biliary and enteric reconstructions, thus
gut-derived bacteria are isolated predominantly after this op-
eration. However, DP has no intestinal reconstruction. The
high incidence of microorganisms from skin and mucous
membranes indicates that development of drain fluid contam-
ination after DP involves retrograde migration of bacteria
along the drains.31 Taken together, this study support the cur-
rent two Bbest practices^ in pancreatic surgery—namely se-
lective drain placement and early drain removal.

Table 4 Risk factors for 2016 POPF (n = 480)

Patients (%) POPF (%) P value Multivariable analysis

Odds ratio P value

Age ≥ 63 years 178 (37.1) 39 (21.9) 0.5714

Male sex 231 (48.1) 57 (24.7) 0.5031

BMI ≥ 25 kg/m2 110 (22.9) 38 (34.5) 0.0015 2.064 (1.254–3.398) 0.0044

Smoking 96 (20) 26 (27.1) 0.3314

Diabetes 106 (22.1) 22 (20.8) 0.4770

Hypertension 123 (25.6) 26 (21.1) 0.5045

History of abdominal surgery 131 (27.3) 30 (22.9) 0.8908

Preoperative chemoradiation 19 (4) 5 (26.3) 0.7538

Hemoglobin < 105 g/L 23 (4.8) 8 (34.8) 0.1834

Total bilirubin ≥ 1 mg/dl 40 (8.3) 8 (20) 0.6026

Serum albumin < 35 g/L 24 (5) 4 (16.7) 0.4282

Scr ≥ 68 umol/L 212 (44.2) 53 (25) 0.4426

ASA (II-III) 261 (54.4) 64 (24.5) 0.5018

Pancreatic carcinoma 211 (44) 41 (19.4) 0.0734

Benign disease 214 (44.6) 61 (28.5) 0.0163 2.106 (1.304–3.399) 0.0023

Lesion size ≥ 2 cm 431 (89.8) 97 (22.5) 0.2036

Vessel resection 11 (2.3) 2 (18.2) 0.6828

Combined colectomy 25 (5.2) 10 (40) 0.0430 1.963 (0.750–5.136) 0.1693

Spleen preserving 80 (16.7) 19 (23.8) 0.9231

Intra-operative massive blood loss (≥ 550 ml) 90 (18.8%) 30 (33.3) 0.0128 1.591 (0.887–2.856) 0.1194

Prolonged operation (≥ 5.5 h) 42 (8.8) 19 (45.2) 0.0004 2.936 (1.367–6.305) 0.0058

Blood transfusion 125 (26) 30 (24) 0.8376

Early PDC 38 (7.9) 22 (57.9) < 0.0001 5.300 (2.605–10.786) < 0.0001

Table 3 Comparison of the surgical outcomes between early and late
PDC (n = 176)

Positive drainage culture

Early
(n = 38) (%)

Late
(n = 138) (%)

P value

Total complications 29 (76.3) 109 (79) 0.7232

POPF 2005 22 (57.9) 93 (67.4) 0.2760

POPF 2016 22 (57.9) 90 (65.2) 0.4060

DGE 1 (2.6) 1 (0.7) 0.3261

PPH 0 (0) 2 (1.4) 0.4554

Intraabdominal abscess 3 (7.9) 12 (8.7) 0.8756

Major complications 3 (7.9) 15 (10.9) 0.5920

Reoperation 2 (5.3) 10 (7.2) 0.6676

90-day mortality 0 (0) 1 (0.7) 0.5987

30-day readmission 3 (7.9) 11 (8) 0.9877

90-day readmission 3 (7.9) 13 (9.4) 0.7721

PDC, positive drainage culture; POPF, postoperative pancreatic fistula;
DGE, delayed gastric emptying; PPH, postpancreatectomy hemorrhage
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Many risk factors including prolonged surgery time, chron-
ic steroid use, smoking, non-laparoscopic surgery, and blood
transfusion have been reported for infectious complications
after DP.4,30 However, up till now there have been no studies
about risk factors for drain fluid contamination following DP,
while this issue has been analyzed in PD.12,18,19 The present
study demonstrated that BMI ≥ 25 kg/m2 and massive intra-
operative blood loss were independent risk factors for PDC.
Being aware of these factors could be useful for improved
perioperative management, thus reducing the PDC rate.
Recently, many studies have focused on concomitant
colectomy in patients underwent DP.32,33 Although colectomy
did not significantly correlate with PDC in our multivariate
analysis, it is evident that colectomy increases the incidence of
surgical morbidity and mortality. Hence, patients requiring
combined colectomy should be well-planned preoperatively,
maximally optimized, and referred to highly experienced team
at specialty centers.

Several reports have shown that PDC was an independent
risk factor for the occurrence of CR-POPF after PD.12,18,19

However, there are no data available regarding the effect of
PDC on the development of postoperative complications fol-
lowingDP. The present study showed that PDC had a negative
impact on surgical outcomes after DP, including not only
POPF, but also other complications such as intra-abdominal
abscess, major complications, and reoperation. These results
indicate that drain fluid culture has an important clinical sig-
nificance for prediction of postoperative complications after
DP. The incidence of POPF after DP has been reported to be
higher than that after PD,4,5 while the reason remains un-
known. Considering that PDC correlates with POPF, we be-
lieve that the occurrence of PDC is one of the reasons leading
to such high rates of POPF after DP. It is worth mentioning
that patients with negative culture in our series had no

incidence of CR-POPF. This result was in line with a most
recent report from University of Heidelberg,34 which showed
that sterile POPF occurred in less than 5% of patients
underwent DP.

Although PDC following DP was shown to be correlated
with worse outcomes, this finding is stuck in the rut of a
Bchicken or egg^ conundrum. Is the presence of bacterial in-
fection a driver of the problem or a reflection of it? We set out
to clarify this issue by comparing the surgical outcomes be-
tween early and late PDC. Surprisingly, there were no signif-
icant differences between them, which indicated that early
PDC also played a critical role in the development of POPF.
Sometimes, it is difficult to determine whether the organisms
cultured from drain fluid are pathogenic or simply contami-
nants. However, patients with positive bacterial culture of
drain fluid are very few likely to be infectious in the early
postoperative period. Therefore, the onset of POPF may be
triggered by early bacterial contamination, and microbial cul-
ture during the early postoperative period is important to pre-
dict POPF.

Unlike PD, Soft Gland Texture and Small Pancreatic Duct Are
Not Risk Factors for POPF Following DP35 Various factors in-
cluding age, obesity, hypoalbuminemia, underlying disease,
and intraoperative drainage have been shown to be associated
with POPF after DP in previous reports8,13–15; however, no
studies have evaluated the association between bacterial con-
tamination of drain fluid and POPF. In this study, BMI ≥
25 kg/m2, benign disease, prolonged operation, and early
PDC were revealed as independent predictors of POPF after
DP in multivariate analysis. To our knowledge, early PDC
was identified as a newly independent risk factor for POPF
after DP for the first time. Sugiura and coworkers17 showed
that intraoperative bacterial contamination correlated with the

Table 5 Relationship between types of organisms and 2016 POPF after distal pancreatectomy in the total and PDC cohorts

Total cohort (n = 480) PDC cohort (n = 176)

Without (n = 368) (%) With (n = 112) (%) P value Without (n = 64) (%) With (n = 112) (%) P value

G+ bacteria 26 (7.1) 64 (57.1) < 0.0001 26 (40.6) 64 (57.1) 0.0350

G− bacteria 43 (11.7) 64 (57.1) < 0.0001 43 (67.2) 64 (57.1) 0.1892

Fungi 4 (1.1) 6 (5.4) 0.0056 4 (6.3) 6 (5.4) 0.8056

Polymicrobial 19 (5.2) 47 (42.0) < 0.0001 19 (29.7) 47 (42.0) 0.1056

Staphylococcus 17 (4.6) 49 (43.8) < 0.0001 17 (26.6) 49 (43.8) 0.0235

Enterococcus 7 (1.9) 18 (16.1) < 0.0001 7 (10.9) 18 (16.1) 0.3480

Pseudomonas 16 (4.3) 17 (15.2) 0.0001 16 (25.0) 17 (15.2) 0.1083

Acinetobacter 20 (5.4) 29 (25.9) < 0.0001 20 (31.3) 29 (25.9) 0.4456

Stenotrophomonas 4 (1.1) 10 (8.9) < 0.0001 4 (6.3) 10 (8.9) 0.5276

E. coli 2 (0.5) 11 (9.8) < 0.0001 2 (3.1) 11 (9.8) 0.1023

Klebsiella 1 (0.3) 13 (11.6) < 0.0001 1 (1.6) 13 (11.6) 0.0178

PDC, positive drainage culture; POPF, postoperative pancreatic fistula
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development of CR-POPF following PD. These interesting
findings make us want to know how early intraperitoneal bac-
terial contamination promotes the formation of POPF.
Yamashita et al.18,36 demonstrated that Pseudomonas
aeruginosa isolated from drain fluid could activate trypsino-
gen, resulting in significantly higher rate of CR-POPF than
other bacteria. Although the mechanisms are worthy of further
investigation, it can be considered that the coexistence of early
bacterial contamination and leakage of pancreatic juice after
DP is an initiating event in the development of POPF. The
reason why we did not examine the value of late PDC to
predict POPF is that late PDC is more likely to be a sequence
of POPF, but not a risk factor.

What specific types of microorganisms cause POPF after
DP has not been addressed in previous studies, we identified
several types of bacteria related to POPF. The findings are
important for the prevention of complications caused by these
bacteria, and for the improvement of patient outcomes. When
compared with other bacteria, Staphylococcus and Klebsiella
spp. were found to be more closely related to POPF after DP.
Staphylococcus spp. was the most commonly isolated micro-
organisms in drain fluid from our patients. Of these patients,
74.2% progressed to POPF. The high frequency of
Staphylococcus cultured from intraperitoneal drainage sug-
gests that retrograde migration of bacteria occur along the
drains no matter how industrious to use an aseptic technique
for drain care.4,12 Although Klebsiella spp. was isolated in
only 2.9% of our cases, 92.9% of them progressed to
POPFs. Klebsiella pneumoniae has been reported to able to
cause acute obstructive suppurative pancreatic ductitis in
intraductal papillary mucinous carcinoma, which in turn led
to pancreatobiliary fistula formation37. Rogers and
colleagues38 considered that POPF could involve Klebsiella
generated cross-reactive antibodies that result in collagen
degradation.

To our knowledge, this is the first report to evaluate the
association between bacterial contamination in drain fluid
and surgical complications after DP, providing positive find-
ings. However, although drain fluid culture is non-invasive
and convenient, it may not become a routine test as its evalu-
ation of infection may be unreliable. Furthermore, routine
drainage culture is expensive and may not be cost-effective.
We are unable to draw an appropriate strategy for the use of
drain fluid culture, but whether antibiotic prophylaxis based
on the microorganisms isolated from surveillance drainage
cultures could positively influence surgical outcomes is wor-
thy for further research. Postoperative antibiotic therapy in the
present study may be a deviation from many surgeons’ prac-
tice. However, until now there have been no studies evaluating
the effect of extended administration of antibiotics on infec-
tious complications after DP. A dose-dependent correlation
between antibiotic administration and incisional surgical site
infection has been identified39. Prophylactic antibiotics given

for 3 days perioperatively, which was applied as a standard
clinical practice after DP in a study from Japan11, has been
shown to decrease the rate of methicillin-resistant
Staphylococcus aureus isolated from postoperative infection
sites, compared with antibiotics given within 1 day of
surgery40. Considering that Staphylococcus was the most fre-
quent isolate in our study, whether antibiotic administration
for 3 days is more conducive to the reduction of PDC remains
to be verified. Furthermore, studies are needed to evaluate the
effect of preoperative chlorhexidine bathing on the theoretical
drain migration of bacteria, as this measure is recommended to
prevent surgical site infection41. Someone may argue the gen-
eralizability of our data due to the routine use of somatostatin
analogues, which is not the case in the USA or elsewhere.
However, although no randomized trial has reported the effi-
cacy of prophylactic octreotide for DP, this strategy did not
reduce the rate of POPF8, which significantly correlated with
PDC in this study. Thus, we believe that the use of somato-
statin analogues does not impact our results.

The main limitations of this study include the retrospec-
tive nature and a single-center study. Both of them are po-
tential sources of bias. We routinely placed intra-abdominal
drains at the time of DP, which may be considered not the
optimal strategy. Nevertheless, management of drainage after
this procedure still has no definitive evidence-based recom-
mendations. Anyway, external validation is required in the
future to confirm our results. Additionally, we only used
closed suction drains (CSD) instead of open passive drains
(OPD) in our clinical practice. The lack of OPD makes us
wonder whether the results are applicable to patients man-
aged using OPD. Recently, Marchegiani et al.31 showed that
postoperative outcomes and spectrum of bacterial contami-
nation were similar between CSD and OPD after major pan-
createctomy. Therefore, the drain type may not affect our
results.

In conclusion, bacterial contamination of intraperitoneal
discharge occurs commonly after DP and plays a critical role
in the development of surgical morbidities including POPF.
Delayed drain removal increases the risk of retrograde migra-
tion of bacteria. Hence, early drain removal seems appropriate
and may mitigate potential complications of drain placement
in selected patients. Many risk factors of POPF following DP
exist objectively, and only perioperative management and sur-
gical techniques are changeable. Considering the correlation
between early PDC and POPF, prophylactic control of intra-
peritoneal bacterial contamination is very important for out-
come improvement.
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