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Abstract

Introduction: The impact of bacterobilia on postoperative
surgical and infectious complications after partial pancreati-
coduodenectomy (PD) is still a matter of debate. Methods:
All patients undergoing PD with and without a preoperative
biliary drainage (PBD) with complete information regarding
microbial bile colonization were included. Logistic regres-
sion was applied to assess the influence of bacterobilia on
postoperative outcome. Results: One hundred seventy pa-
tients were retrospectively analysed. Clinically relevant post-
operative complications (Clavien-Dindo > Ill) occurred in 40
(23.5%) patients, clinically relevant postoperative pancreatic
fistulas in 29 (17.1%) patients, and surgical site infections
(SSls) in 16 (9.4%) patients. Thirty-seven of 39 (94.9%) pa-
tients with PBD and 33 of 131 (25.2%) patients without PBD
had positive bile cultures (p < 0.001). A polymicrobial bile
colonization was reported in 9 of 33 (27.3%) patients without
PBD and 27 of 37 (73%) patients with PBD (p < 0.001). Resis-
tance to ampicillin-sulbactam was shown in 26 of 37 (70.3%)

patients with PBD and 12 of 33 (36.4%) patients without PBD
(p=10.001).PBD (OR 0.015, 95% Cl1 0.003-0.07, p < 0.001) and
male sex (OR 3.286, 95% Cl 1.441-7.492, p = 0.005) were in-
dependent predictors of bacterobilia in the multivariable
analysis. Bacterobilia was the only independent predictor of
SSls in the multivariable analysis (OR 0.143, 95% Cl 0.038-
0.535, p = 0.004). Conclusions: Patients with a PBD show
significantly higher rates of bacterobilia, polymicrobial bile
colonization, and resistance to ampicillin-sulbactam. Bacte-
robilia is an independent predictor of SSI after PD.

© 2020 S. Karger AG, Basel

Introduction

Patients with pancreatic head cancer commonly pres-
ent with obstructive jaundice at the time of diagnosis. Al-
though the routine placement of a preoperative biliary
drainage (PBD) is frequently used in most patients during
the past decade, its role is still a matter of debate. PBD is
usually performed with endoscopic retrograde cholangi-
opancreatography-guided stent placement or less com-
monly by percutaneous transhepatic biliary drainage. In
2017, a meta-analysis [1] assessing the routine use of PBD
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showed that PBD was significantly associated with in-
creased overall complications and wound infections with
no beneficial effect on postoperative outcome [1]. Simi-
larly, a more recent network meta-analysis [2] also con-
cluded that in patients with resectable pancreatic cancer,
routine PBD may not be the best management prior to
surgery. However, a recent large retrospective series of
1,500 consecutive patients assessing the impact of a PBD
on postoperative outcome after pancreaticoduodenecto-
my (PD) concluded that PBD does not increase major
complications and mortality rates after PD but is associ-
ated with a higher rate of surgical site infection (SSI) [3].
Moreover, biliary infection (bacterobilia) related to PBD
has been shown to be associated with postoperative infec-
tious complications [4-9]. A recent systematic review
with meta-analysis [10] assessing the impact of bactero-
bilia on morbidity after PD concluded that bacterobilia
was detected in almost every second patient undergoing
PD and was associated with an increased rate of SSI,
whereas overall postoperative morbidity, including post-
operative pancreatic fistula (POPF), as well as mortality
were not significantly influenced [10]. The aim of the
present retrospective study was to examine the microbial
colonization of the bile of patients with and without PBD
as well as to assess the impact of bacterobilia on postop-
erative surgical and infectious complications after PD.

Material and Methods

Data Collection

Data from all consecutive patients who underwent an elective
partial PD between January 2009 and March 2019 at University
Hospital Marburg were obtained from a prospectively maintained
database and retrospectively analysed. Clinical data included age,
sex, BMI, the American Society of Anaesthesiologists (ASA) status,
PBD, which was routinely performed endoscopically, and underly-
ing pathology. Only patients with existing samples from intraop-
erative bile cultures were included in the study. Microbiological
data were obtained by conventional standard culture. The bile flu-
id was taken intraoperatively directly after dissection of the com-
mon bile duct. No intraoperative Gram staining was performed.
Microbiological test results were reported according to the type of
bacterium, including the sensitivity and resistance pattern of the
cultured microorganisms.

All procedures were done by laparotomy. All patients received
a single-shot intravenous antibiotic, usually ampicillin/sulbac-
tam prior to laparotomy and once again 3—4 h after skin incision.
Somatostatin analogues were also routinely used perioperatively.
A pylorus-preserving PD with reconstruction through a pancrea-
togastrostomy [11, 12] was the procedure of choice, when feasi-
ble. Otherwise, a standard Whipple procedure was performed.
Intraoperative swabs were obtained from the bile duct after tran-
section.

Impact of Bacterobilia on Outcome after
Partial PD

Postoperative outcomes including clinically relevant complica-
tions, POPF, SSIs, postoperative mortality, and length of hospital
stay were assessed. Postoperative complications were classified ac-
cording to the Clavien-Dindo classification system [13]. POPF was
classified according to the most recent definition provided by the
International Study Group of Pancreatic Surgery (ISGPS) [14]; de-
layed gastric emptying (DGE) and postpancreatectomy haemor-
rhage (PPH) were defined according to the proposed definitions
of the ISGPS [15, 16]. Non-surgical, for example, infectious com-
plications included urinary tract infection, pneumonia, bactere-
mia, sepsis [17], and SSIs, defined according to the Centers for
Disease Control and Prevention (CDC) classification [18]. The
length of hospital stay was defined as the number of days from sur-
gery to the date of discharge. Postoperative mortality included
deaths occurring prior to hospital discharge or within 30 days of
surgery. The results of the present study have been reported in line
with the STROBE guidelines [19].

Statistical Analysis

Continuous variables are expressed as medians with inter-
quartile ranges (IQR), and categorical variables are presented as
proportions. Quantitative variables were compared using the stu-
dent’s t test or Mann-Whitney U test and qualitative variables us-
ing the x> test or Fisher’s exact test as appropriate. Factors that
were significantly associated on univariate analysis were included
in a multivariable binary logistic regression model. All reported
probability values (p values) are based on two-sided tests, and the
level of statistical significance was set at p < 0.05. Analyses were
performed using SPSS 23.0 (IBM Corp. Released 2015. IBM SPSS
Statistics for Windows, version 23.0., IBM Corp., Armonk, NY,
USA).

Results

Baseline Characteristics and Perioperative Outcomes

One hundred seventy of 192 consecutive patients who
underwent an elective PD had complete information re-
garding microbiological analysis of intraoperative bile
swabs, and thus represent the analysed study population.
Eighty-eight (51.8%) patients were male, the median age
at surgery was 69 (IQR, 58.8-75) years, and the median
patient BMI was 24.6 (IQR, 22.8-27.5) kg/m?. Four of 170
(2.4%) patients were classified as ASA T, 90 of 170 (52.9%)
patients were classified as ASA I, 75 (44.1%) as ASA 11,
and 1 (0.6%) patient as ASA IV, respectively. Median se-
rum albumin was 3.6 g/dL (IQR, 3.0-4.0), and hypoalbu-
minemia (serum albumin <3.5 g/dL) was preoperatively
diagnosed in 69 of 170 (40.6%) patients. PBD was per-
formed in 36 0of 170 (21.2%) patients; 32 of the 36 (88.9%)
patients received plastic stents, and the remaining 4
(11.1%) patients received fully covered metal stents.
Three (1.8%) of 170 patients underwent PTBD. The me-
dian delay from endoscopic intervention to surgical re-
section was 17 (IQR, 12.25-25) days. The general and
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perioperative characteristics of the study population are
summarized in Table 1.

Median operative time was 353 (IQR, 310.5-403.5)
min, median estimated blood loss was 300 (IQR, 200-
400) mL, and intraoperative blood transfusion was neces-
sary in 11 of 170 (6.5%) patients. Pylorus-preserving PD
was performed in 148 (87.1%) patients and a standard
Whipple procedure in the remaining 22 (12.9%) patients.
A vascular resection, for example, portal vein or superior
mesenteric vein resection, was performed in 16 (9.4%)
patients. A soft pancreatic gland texture was reported in
40 (23.5%) patients, the median estimated pancreatic
duct diameter was 4 (IQR, 2-6) mm. The most frequent
underlying pathology was pancreatic ductal adenocarci-
noma in 90 (52.9%) patients, followed by ampullary car-
cinoma in 20 (11.8%) patients and distal bile duct carci-
nomain 13 (7.6%) patients. Fifteen of the 20 patients with
ampullary carcinoma had positive bile cultures, 8 of those
had PBD, and 7 patients received no PBD. Other pathol-
ogies included pancreatic neuroendocrine neoplasia and
intraductal papillary mucinous neoplasia in 11 (6.5%) pa-
tients each, chronic pancreatitis in 6 (3.5%) patients, duo-
denal carcinoma in 3 (1.8%) patients, and various pathol-
ogies in the remaining 16 (9.4%) patients. The median
tumor size was 2.6 (IQR, 2.3-3.5) cm, and the median
number of resected lymph nodes was 20 (IQR, 16-26, Ta-
ble 1). In patients with malignant disease, an RO resection
was reported in 113 of 126 (89.7%) patients.

Clinically relevant postoperative complications (Cla-
vien-Dindo > III) occurred in 40 (23.5%) patients that
were classified grade I1la in 15 (8.8%) patients, grade IIIb
in 18 (8.8%) patients, grade IVain 3 (1.8%) patients, grade
IVbin1(0.6%) patients, and grade V in 6 (3.5%) patients,
respectively. A clinically relevant POPF was reported in
29 (17.1%) patients, including 20 (11.8%) patients with
grade B and 9 (5.3%) patients with grade C POPF. SSIs
were reported in 16 of 170 (9.4%) patients, all of which
were classified as superficial incisional SSIs according to
the CDC criteria [18]. Relevant DGE grades B and C were
reported in 33 (19.4%) and 21 (12.4%) patients, respec-
tively. A clinically relevant PPH (grade B/C) was reported
in 20 (11.8%) patients. The median length of hospital stay
was 14 (IQR, 12-20) days.

Microbiological Analysis

Microorganisms could be cultured from bile samples
of 70 from 170 (41.2%) patients. Thirty-seven of 39
(94.9%) patients with PBD had positive bile cultures. In
contrast, only 33 of 131 (25.2%) patients without PBD
had positive bile samples (p < 0.001). Moreover, polymi-
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Table 1. General and perioperative patients’ characteristics

Variable

Median (IQR) or
n (%)

Gender (male)
Age, years
BMI, kg/m?
ASA
ASA T
ASA I
ASATII
ASA TV
Preoperative biliary stenting
via ERC
via PTBD
Operative time, min
Estimated blood loss, mL
Pat. with intraoperative blood transfusion
Surgical procedure performed
PPPD
Kausch-Whipple resection
Vascular resection
Soft pancreatic texture
Estimated pancreatic duct diameter, mm
Entity
PDAC
Ampullary carcinoma
Distal bile duct carcinoma
IPMN
pNEN
Chronic pancreatitis
Duodenal carcinoma
Other
RO resection*
Lymph nodes resected
Tumor size, cm
Clinically relevant POPF (all)
Grade B
Grade C
Clavien-Dindo complications > III (all)
IIIa
IIIb
IVa
IVb
\Y
DGE grade B
DGE grade C
PPH (grade B/C)
SSI
LOS, days

88 (51.8%)
69 (58.8-75)
24.6 (22.8-27.5)

4(2.4%)
90 (52.9%)
75 (44.1%)
1(0.6%)
39 (23%)
36 (21.2%)
3 (1.8%)
353 (310.5-403.5)
300 (200-400)
11 (6.5%)

148 (87.1%)
22 (12.9%)
16 (9.4%)
40 (23.5%)

4(2-6)

90 (52.9%)
20 (11.8%)
13 (7.6%)
11 (6.5%)
11 (6.5%)
6 (3.5%)
3 (1.8%)
16 (9.4%)
113/126 (89.7%)
20 (16-26)
2.6 (2.3-3.5)
29 (17.1%)
20 (11.8%)
9 (5.3%)
40 (23.5%)
15 (8.8%)
18 (8.8%)
3(1.8%)
1(0.6%)
6 (3.5%)
33 (19.4%)
21 (12.4%)
20 (11.8%)
16 (9.4%)
14 (12-20)

ASA, American Society of Anesthesiologists; ERCP, endoscop-

ic retrograde cholangiopancreatography; PTBD, percutaneous
transhepatic biliary drainage; PPPD, pylorus-preserving pancre-
aticoduodenectomy; PDAC, pancreatic ductal adenocarcinoma;
IPMN, intraductal papillary mucinous neoplasia; pNEN, pancre-
atic neuroendocrine neoplasia; POPF, postoperative pancreatic
fistula; DGE, delayed gastric emptying; PPH, post-pancreatectomy
haemorrhage; SSI, surgical site infection; LOS, length of hospital
stay; IQR; interquartile range. * RO resection rate reported in pa-
tients with PDAC, ampullary, distal bile duct and duodenal carci-
noma, values are median unless indicated otherwise.
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Table 2. Microorganisms isolated in the bile of patients with and without PBD

No PBD PBD
species (n = 48) n (%) species (n = 84) n (%)
Enterococcus sp. 9(18.8) Candida sp. 16 (19)
E. coli 8(16.7) Enterococcus sp. 11 (13.1)
Enterobacter sp. 6(12.5) Enterobacter sp. 9(10.7)
Streptococcus sp. 6(12.5) Enterococcus faecium 9(10.7)
Other 6(12.5) E. coli 8(9.5)
Klebsiella sp. 5(10.4) Klebsiella sp. 8 (9.5)
Staphylococcus sp. 4(8.3) Streptococcus sp. 7 (8.3)
Citrobacter sp. 3(6.3) Enterococcus faecalis 4 (4.8)
Enterococcus faecalis 1(2.1) Staphylococcus sp. 4(4.8)
Pseudomonas sp. 4(4.8)
Citrobacter sp. 3(3.6)
Other 1(1.2)
PBD, preoperative biliary drainage; E. coli, Escherichia coli; sp., species.
Table 3. Predictors of bacterobilia in the univariate and multivariable analysis
Variable Univariate analysis Multivariable analysis
OR 95% CI p value OR 95% CI p value
Age, years
<69 1
>69 1.154 0.626-2.129 0.65
Sex
Female 1
Male 2.386 1.272-4.476 0.007 3.286 1.441-7.492 0.005
ASA
<II 1
>IT 1.304 0.706-2.411 0.40
BMI, kg/m?
<24.6 1
>24.6 1.427 0.773-2.635 0.26
PBD
Yes 1
No 0.018 0.004-0.080 <0.001 0.015 0.003-0.07 <0.001
Serum albumin, g/dL
<3.6 1
>3.6 0.556 0.300-1.031 0.06
Operative time, min
<353 1
>353 1.339 0.726-2.471 0.35
Estimated blood loss, mL
<300 1
>300 1.200 0.631-2.283 0.58

Values are median unless indicated otherwise. ASA, American Society of Anesthesiologists; PBD, preopera-
tive biliary drainage; OR, odds ratio; 95% CI, 95% confidence interval.

Impact of Bacterobilia on Outcome after
Partial PD
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Table 4. Predictors of SSIs in the univariate and multivariable analysis

Variable Univariate analysis Multivariable analysis
OR 95% CI p value OR 95% CI p value

Age, years

<69 1

>69 1.547 0.548-4.367  0.41
Sex

Female 1

Male 1.252 0.444-3.535  0.67
ASA

<II 1

>II 3.108 1.029-9.386  0.04 2.528 0.783-8.162 0.12
BMI, kg/m?

<24.6 1

>24.6 3.609 1.114-11.695 0.03 2.672 0.774-9.220 0.12
PBD

Yes 1

No 2.094 0.454-9.660  0.34
Serum albumin, g/dL

<3.6 1

>3.6 0.758 0.268-2.138 0.6
Bile culture

Positive 1

Negative 0.131 0.036-0.479  0.002 0.143 0.038-0.535 0.004
Operative time, min

<353 1

>353 2.319 0.769-6.994  0.14
Estimated blood loss, mL

<300 1

>300 2.528 0.690-9.256  0.16

Values are median unless indicated otherwise. ASA, American Society of Anesthesiologists; PBD, preopera-
tive biliary drainage; OR, odds ratio; 95% CI, 95% confidence interval.

crobial bile colonization was only reported in 9 of the 33
(27.3%) patients without PBD, whereas in 27 of the 37
(73%) patients with PBD, more than one species was iso-
lated (p < 0.001). Resistance to ampicillin-sulbactam was
seen in 26 of 37 (70.3%) patients with PBD versus 12 of
33 (36.4%) patients without PBD (p = 0.001). In patients
without PBD, a total of 48 organisms comprising 13 dif-
ferent species were isolated (see also Table 2). The most
commonly isolated organisms included Enterococcus sp.
in 9 (18.8%), Escherichia coli in 8 (16.7%), Enterobacter
sp.in 6 (12.5%), and Streptococus sp. in 6 (12.5%) bile cul-
tures. In patients with PBD, a total of 84 microorganisms
comprising 12 species were isolated. The most frequently
isolated microorganisms in patients with PBD were Can-
dida sp. in 16 (19%), Enterococcus sp. in 11 (13.1%), En-
terobacter sp. in 9 (10.7%), Enterococcus faecium in 9
(10.7%), Klebsiella sp. in 8 (9.5%), and E. coli in 8 (9.5%)
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bile cultures. It is of note that E. faecium, Pseudomonas,
and Candida sp. were only reported in bile samples from
patients with PBD, as shown in Table 2.

Predictors of Bacterobilia and Impact of Bacterobilia

on Postoperative Outcomes

Male sex (OR 2.386, 95% CI 1.272-4.476, p = 0.007)
and PBD (OR 0.018, 95% CI 0.004-0.080, p < 0.001) were
identified as significant predictors of bacterobilia in the
univariate analysis. PBD (OR 0.015, 95% CI 0.003-0.07,
p < 0.001) and male sex (OR 3.286, 95% CI 1.441-7.492,
p = 0.005) remained independent predictors of bactero-
bilia in the multivariable analysis (Table 3).

On univariate analysis, preoperative bacterobilia was
neither associated with overall clinically relevant (Cla-
vien-Dindo > III) postoperative complications (OR 0.931,
95% CI 0.454-1.909, p = 0.85) nor with clinically relevant

Mintziras/Maurer/Kanngiesser/Lohoff/
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Table 5. Subgroup analysis of baseline characteristics and postop-
erative outcomes in patients with and without PBD

Variable* No PBD PBD
(n=131) (n=139) value

Age, years 68 (57-65) 70 (61-77) 0.11
Sex (male) 66 (50.4%) 22 (56.4%)  0.51
BMI 24.6 (23-27.4) 24.3 (22.4-27.8) 0.67
ASA > 11 57 (43.5%) 19 (48.8%)  0.39
Preoperative diabetes

present 29 (22.1%) 8 (20.5%) 0.83
Clavien-Dindo > III 33 (25.2%) 7 (17.9%) 0.35
Clinically relevant POPF 25 (19.1%) 4(10.3%) 0.20
DGE (grade B/C) 43 (32.8%) 11(282%)  0.94
PPH (grade B/C) 17 (13%) 3(7.7%) 0.37
Postoperative LOS 15 (12-20) 14 (11-18) 0.50
SSIs 14 (10.7%) 2 (5.1%) 0.26

PBD, preoperative biliary drainage; ASA, American Society of
Anesthesiologists; POPF, postoperative pancreatic fistula; DGE,
delayed gastric emptying; PPH, post-pancreatectomy haemor-
rhage; LOS, length of hospital stay; SSIs, surgical site infections.
* Median (interquartile range) or n (%).

POPF (OR 1.694, 95% CI10.721-3.982, p = 0.23). Bactero-
bilia was, however, a significant predictor of SSI in the
univariate analysis (OR 0.131, 95% CI 0.036-0.479, p =
0.002). BMI > 24.6 kg/m? (OR 3.609, 95% CI 1.114-
11.695, p = 0.03) and ASA > II (OR 3.108, 95% CI 1.029-
9.386, p = 0.04) were also identified as significant predic-
tors of SSI in the univariate analysis (Table 4), but only
bacterobilia remained an independent predictor of SSI in
the multivariable analysis (OR 0.143,95% CI1 0.038-0.535,
p =0.004), as shown in Table 4.

We further assessed the potential impact of bacterobi-
lia on infectious complications other than SSIs. Among
170 patients, 9 (5.3%) patients had pulmonary infection/
pneumonia, 16 (9.4%) had bacteraemia, 25 (14.7%) pa-
tients urinary tract infections, 11 (6.5%) patients had sep-
sis, 3 (1.8%) patients developed postoperative cholangitis,
and 9 of 170 (5.3%) patients had central venous catheter-
related infection. On univariate analysis, bacterobilia was
not significantly associated with infectious complications
other than SSI (OR 0.963, 95% CI 0.477-1.942, p = 0.92).

Subgroup Analysis of Patients with and without PBD

Thirty-nine (22.9%) of 170 patients received PBD. The
baseline characteristics of the 2 subgroups (patients with
and without PBD) are shown in Table 5. No significant
differences were found regarding age (median 70 vs. 68
years, p = 0.11), male sex (56.4 vs. 50.4%, p = 0.51), me-

Impact of Bacterobilia on Outcome after
Partial PD

dian BMI (24.3vs.24.6,p =0.67), ASA >11(48.8 vs. 43.5%,
p = 0.39), and diagnosis of a preoperative diabetes (20.5
vs. 22.1%, p = 0.83) in patients with (n = 39) and without
(n=131) PBD, as shown in Table 5. When comparing the
postoperative outcomes in both groups, no significant
differences were found regarding clinically relevant post-
operative complications (17.9 vs. 25.2%, p = 0.35), rele-
vant POPF (10.3 vs. 19.1%, p = 0.20), DGE grade B/C
(28.2 vs. 32.8%, p = 0.94), PPH grade B/C (7.7 vs. 13%,
p =0.37), length of hospital stay after resection (14 vs. 15
days, p=0.50), and SSIs (10.7 vs. 5.1%, p = 0.26), as shown
in Table 5.

Discussion

The present study aimed to assess the impact of pre-
operative bacterobilia on postoperative outcomes after
PD and to examine the biliary microbiome in patients
with and without PBD in order to identify potentially
significant differences in the microbial colonization in
each group. Patients receiving PBD had significantly
higher rates of bacterobilia (94.9 vs. 25.2%) than those
without PBD, results which are in line with those of pre-
vious studies and meta-analyses [7, 10, 20-22]. The
25.2% rate of bacterobilia reported in the present study
is in line with the results of previous studies, which re-
ported rates between 18.6 and 31% in patients without
PBD [5, 7, 21]. Bacterobilia in patients without PBD is
possibly explained by the fact that malignant biliary ob-
struction leads to biliary stasis and consecutive coloniza-
tion of the initially sterile bile duct. Moreover, the pres-
ent study showed that microbial colonization of the bile
duct in patients with and without PBD is substantially
different, as PBD is significantly associated with polymi-
crobial bacterobilia (73 vs. 27.3%), whereas in most pa-
tients without PBD, only one species was isolated. Resis-
tance to ampicillin-sulbactam, which is the standard an-
tibiotic prophylaxis prior to PD in our clinic, was also
significantly higher in patients with PBD than those
without (70.3 vs. 26.4%). Scheufele et al. [7] also showed
that the biliary microbiota of patients with and without
PBD were different and that PBD was associated with a
more antibiotic-resistant bacterium in the bile, which
may require changing the type of perioperative antibiot-
ics used for prophylaxis or treatment of infections [7].
The most commonly isolated microorganisms in the
present study were Enterococcus sp., E. coli, and Entero-
bacter sp., results in line with those of previous studies [4,
8, 10, 20, 21, 23-25]. Although few retrospective studies
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suggest that postoperative antimicrobial therapy de-
creases infectious complications following PD in pa-
tients at risk for bile contamination, a routine antibiotics
treatment cannot be recommended based on the current
evidence. Interestingly, Candida sp. were only isolated in
bile samples from patients with PBD, as in 2 previous
studies [7, 20]. The presence of Candida sp. in the bile of
patients with PBD and its clinical implications require
further investigation before any recommendations re-
garding a routine, antifungal prophylaxis can be made.

The present study also examined the impact of preop-
erative bacterobilia on postoperative outcomes after PD,
including both surgical and infectious complications. In
accordance with the results of a recent meta-analysis [10],
in the present study, preoperative bacterobilia was not
significantly associated with the occurrence of clinically
relevant postoperative complications (Clavien-Dindo >
III). In addition, clinically relevant POPF was also not
significantly influenced by the presence of bacterobilia.
The impact of bacterobilia on the occurrence of POPF is
still a matter of debate. Only recently, Heckler et al. [26]
showed that colonization of bile ducts in previously stent-
ed patients is associated with the prevalence of major sur-
gical complications such as POPF C, as POPF type C oc-
curred more frequently in E. coli-colonized patients. Ohgi
et al. [4] also concluded that bacterobilia was found to be
a risk factor for grade B/C POPFs, and bacteria from the
infected bile may be the source of the grade B/C POPFs.
Contrary to those studies though, Miissle et al. [10] con-
cluded in their meta-analysis that bacterobilia is not as-
sociated with POPF, results which are in line with those
of the present study. However, in the present study, pre-
operative bacterobilia was an independent predictor of
SSIin the multivariable analysis. This result is in line with
that in a recent meta-analysis [10], including 28 studies
with 8.523 patients.

Since we included both patients with and without
PBD, we performed a subgroup analysis to examine
whether PBD was associated with adverse clinical out-
comes after PD. No differences were found in patients
with and without PBD with regard to the occurrence of
clinically relevant (Clavien-Dindo > III) complications,
relevant POPF (grade B/C), DGE (grade B/C), PPH
(grade B/C), and length of hospital stay postoperatively.
Similarly, DePastena et al. [3] in one of the largest retro-
spective series published to date including 1,500 patients,
714 of whom received biliary stenting prior to operation,
reported similar rates of major postoperative complica-
tions in both groups [3]. Gavazzi et al. [20] in a retrospec-
tive cohort of 180 patients, both stented and non-stented,
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also found no differences regarding the overall incidence
of postoperative surgical complications.

The retrospective characteristic of the present study
should be acknowledged as its main limitation. More-
over, as in most retrospective studies, selection bias may
have existed regarding the indications for PBD. Also,
some variables regarding PBD, such as PBD-associated
complications, were not completely available for analysis.
Moreover, due to the restrictions in the information pro-
vided by the prospectively maintained database, some
low-grade complications (Clavien-Dindo < III) may have
been missed.

Conclusions

In conclusion, preoperative bacterobilia is an indepen-
dent risk factor of SSI after PD, whereas clinically relevant
postoperative complications including POPF are not sig-
nificantly influenced by positive bile cultures. Patients
with PBD show significantly higher rates of polymicro-
bial bile colonization with resistance to ampicillin-sul-
bactam as well as fungal bile colonization, compared to
patients without PBD.
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