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Abstract

Background: Bacteriobilia may increase the rate of deep infectious complications
(DIC) after pancreaticoduodenectomy. To better adjust prophylactic and empiri-
cal antibacterial treatment, we aimed to characterize bacteriobilia in patients with
preoperative endoprosthesis, and its association with postoperative DIC.
Methods: All patients who underwent pancreaticoduodenectomy in our center
between 2010 and 2019 were included. The association between microbiological
findings from bile samples, and postoperative DIC was analyzed, and we com-
pared microbiology data between 2010-2014 and 2015-2019 periods.

Results: We enrolled 578 patients (median age 67years [59-72], 58.7% males), of
whom 220 (38.1%) had preoperative biliary endoprosthesis, with 197 (89.5%) posi-
tive preoperative bile samples pathogens were Enterobacterales, enterococci, and
Candida albicans. The incidence of DIC was similar in patients with or without en-
doprosthesis (20.4% vs 17.8%, P = .352). Bacterial isolates collected during 2015-2019
were more resistant to cefotaxime than those recovered from 2010-2014 (45.5% vs
25.5%, P = .009). The only independent risk factor for DIC in patients with endopros-
thesis was cefotaxime resistance in bile (hazard ratio 3.027 [1.115-8.216], P = .03).
Conclusions: The incidence of DIC is high after pancreaticoduodenectomy, with
or without endoprosthesis, despite routine postoperative treatment. Cefotaxime
resistance, the only independent predictor of DIC in patients with endoprosthe-
sis, has increased over time. Hence, cefotaxime may no longer be an appropriate

empirical treatment.
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1 | INTRODUCTION

Pancreaticoduodenectomy is the primary treatment of
most periampullary cancers, including pancreatic adeno-
carcinoma. Despite major progress in patient selection and
surgical techniques over the last decades, this procedure
is still associated with a significant risk of life-threatening
complications. Among them, postoperative deep infectious
complications (DIC) remain a major risk of poor outcome.'

Since hyperbilirubinemia is associated with increased
risk of postoperative complications, preoperative bili-
ary drainage by endoprosthesis is routinely performed.?
However, endoprosthesis insertion carries its own burden
of complications including: (a) hepatic impairment (i.e.
coagulopathy, immune dysfunction), (b) complications
associated with stent insertion (i.e. pancreatitis, bleeding),
and (c) infectious complications. Indeed, the stent creates
a communication between the biliary and the alimentary
tracts, thus favoring the retrograde migration of pathogens
from the intestinal microbiota. Several studies have high-
lighted the link between contaminated bile and DIC risk.*™

The consequences of bacteriobilia may be prevented
by per- and postoperative antibiotics active on common
pathogens originating from the digestive tract, e.g. entero-
bacterales and strict anaerobes.*” However, there is no
consensus on the indications, and the optimal regimen,
for the prevention of post-pancreaticoduodenectomy DIC,
so that practices remain heterogeneous. In addition, the
worldwide emergence of antimicrobial resistance further
complicates this issue, as it increases the risk that even
broad-spectrum empirical antibiotics will not cover all
pathogens of concern. Indeed, antimicrobial resistance
has been associated with increased risk of complications
after pancreaticoduodenectomy, including non-infectious
complications.8 To date, few studies have focused on the
microbiology of bile in patients who require pancreati-
coduodenectomy, although these data are of paramount
importance to guide the indications and to identify the
targets of empirical antibacterial treatment. We aimed to
analyze the microbiology of bile in patients who require
pancreaticoduodenectomy and to evaluate the poten-
tial associations with outcomes, in a referral centre with
systematic use of empirical antibacterial therapy after
pancreaticoduodenectomy.

2 | MATERIALS AND METHODS

2.1 | Patients

A retrospective analysis was conducted using a prospec-
tive cohort study of patients who underwent pancrea-
ticoduodenectomy, with or without biliary drainage,

between January 2010 and December 2019 at the Rennes
University Hospital, a 1500-bed tertiary care hospital that
serves as a referral center for Western France (population
catchment area, 1.5 million inhabitants). Demographic
and perioperative characteristics, data on postopera-
tive complications, and indication for surgery were col-
lected. General status was assessed using age-adjusted
Charlson comorbidity index’ and the American Society of
Anesthesiologists (ASA) scores. This study was retrospec-
tive and noninterventional, and since the collected data
were anonymous, the Research Ethics Committee of the
University of Rennes-1 approved the study and waived
the requirement for patient consent (Approval number:
21.158).

2.2 | Surgical technique and
postoperative antimicrobial treatment

All pancreaticoduodenectomies were performed accord-
ing to the Whipple and Child procedures, without pyloric
conservation. A pancreaticojejunostomy was routinely
performed with a stent in case of thin pancreatic duct or
soft pancreatic parenchyma. Systematic abdominal drain-
age system was placed around the pancreatic anastomo-
sis. When endoprosthesis had been previously inserted, a
bile sample from the common bile duct and another from
the gallbladder were collected at the beginning of the sur-
gery. According to the institutional protocol, the combi-
nation of intravenous cefotaxime and metronidazole was
started during the surgery, after bile sampling and reap-
plied every 8 h. Antibacterial treatment was adapted ac-
cording to microbiological results, when appropriate, at
the discretion of the infectious diseases consultant, for a
total duration of 5days postoperative. For patients with-
out endoprosthesis, antibioprophylaxis was limited to
one dose of cefazolin, to be administered not earlier than
1 h before surgery, and to be repeated once if surgery lasts
more than 4 h.

2.3 | Postoperative management

Pancreatic fistula, delayed gastric emptying, and post-
pancreatectomy hemorrhage were defined according to
the International Study Group of Pancreatic Surgery.'®"2
The primary outcome, DIC was defined as a composite cri-
teria, including at least one of the following: infected post-
operative pancreatic fistula, cholangitis, intra-abdominal
abscess, or any surgical site infection with the exception
of wound infection. Postoperative cholangitis was defined
by the association of clinical signs of infection, an increase
in inflammation markers and a disorder of biological liver

85USD17 SUOWILLIOD) BANERID) B[qed1jdde B AQ pauseAoh a/e BRI YO (88N JO SN 104 ARIGITBUIIUO AB]IA UO (SUORIPUOI-PUR-SWLRI WY A8 I ARe1q 1]BU1IUO// A1) SUORIPUOD pUe SW L 31 39S *[£202/90/02] uo Ariqriauliuo A|im ‘or ‘g - relimeeg sndwed Ng T seuuey @ AISPAIUN AQ 12T dqu/200T 0T/10p/L0" AB] 1M Ate.q1ulUo//SARY WOy papeojumoq ‘v €202 ‘Z869898T



516 |

ROBIN ET AL.

parameters improving with time under antibiotic treat-
ment."? Biliary fistula was defined according to ISGPS
definition as any bilious fluid from abdominal drains, or
bile collection requiring drainage radiologic or operative
intervention.'* Postoperative complications were defined
according the Clavien-Dindo classification, and classified
as “major” when the score was >3."> Postoperative mor-
tality was defined as death occurring within 90 postopera-
tive days, whatever the cause.

2.4 | Bile microbiology

For all patients with endoprosthesis, bile samples were col-
lected from both the common bile duct and the gallblad-
der, and immediately sent to the microbiology lab. Direct
examination after Gram staining and cultures on aerobic
and anaerobic media were performed and analyzed until
day 5. Identification of bacteria and fungi was usually per-
formed using the MALDI-TOF mass spectrometry, and
drug susceptibility testing was performed according to the
CA-SFM/EUCAST guidelines. Microbiological data were
exhaustively collected through the database of the micro-
biology lab. In order to assess the evolution of resistance
patterns, we compared data from the two consecutive 5-
year periods, 2010-2014 and 2015-2019.

2.5 | Statistical analysis

Continuous variables were expressed as medians with
interquartile ranges (IQR), and were compared using the
Mann-Whitney U test. Comparisons between the categori-
cal variables were analyzed by chi-squared test or Fisher-
exact test, when appropriate. All variables associated with
DIC with a P-value of <.05 on univariate analysis were
entered into a multivariate logistic regression analysis
to identify independent risk factors. Analyses were per-
formed using SPSS 25.0 (IBM Corp.) and graphics using
GraphPad Prism 8.0.

3 | RESULTS

3.1 | Baseline characteristics

During the study period, 578 patients (median age
67 years [59-72], 58.7% males) underwent pancreaticodu-
odenectomy in our institution (Table 1). Among these
procedures, 220 (38%) were performed after a biliary
endoprosthesis was inserted. Baseline characteristics
were similar in patients with or without endoprosthesis,

except for sex-ratio (64.1% males in patients with endo-
prosthesis, vs 55.3% in patients without, P = .037) and
tumor type (P <.001), with higher proportion of pancre-
atic duct adenocarcinoma and cholangiocarcinoma in
patients with endoprosthesis.

3.2 | Per-and postoperative events

Patients with endoprosthesis were more likely to require
vascular resection (31.8% vs 21.4%, P = .005), and less
likely to present the following postoperative complica-
tions: biliary leak (2.7% vs 8.9%, P = .004) and delayed
gastric emptying (46.8% vs 61.9%, P<.001) (Table 2).
Their hospital stay was also shorter (median 12 vs 14 days,
P =.016) while they were less likely to require surgical re-
vision (8.2% vs 15.6%, P = .009). In the overall population,
the rate of DIC increased between the 2010-2014 period
and the 2015-2019 period from 33 (15.1%) to 78 (21.8%)
respectively (P = .024). Concerning the population of pa-
tients with previous biliary drainage, the rate of DIC in-
creased from eight (13.3%) to 31 (19.5%), without reaching
significance (P = .28).

3.3 | Bile microbiology in patients with
preoperative endoprosthesis

Among the 220 patients who underwent preoperative
bile samples, at least one potential pathogen was identi-
fied in 197 (89.5%) cases (Table 3; Figure 1). The main
pathogens were Gram-negative bacilli (245/507, 48.3%),
Gram-positive cocci (222/507, 43.8%) and yeasts (40/507,
7.9%). We found no association between pathogens and
postoperative complications, including mortality (data
not shown). The repartition of pathogens remained un-
changed throughout the period (Tables S1 and S2), but ce-
fotaxime resistance was higher in the second study period
(45.5% in 2015-2019 vs 25.5% in 2010-2014, P = .009).

3.4 | Risk factors for deep infectious
complications in patients with
preoperative biliary endoprosthesis

On univariate analysis, preoperative pain, previous upper
gastrointestinal surgery, and bacteriobilia resistance to ei-
ther piperacillin-tazobactam, gentamicin, or cefotaxime
were associated with increased risk of DIC (Table 4). On
multivariate analysis, only bacteriobilia with cefotaxime-
resistant germs remained predictive of DIC, with a hazard
ratio of 3.027 (1.115-8.216), P = .03.

85USD17 SUOWILLIOD) BANERID) B[qed1jdde B AQ pauseAoh a/e BRI YO (88N JO SN 104 ARIGITBUIIUO AB]IA UO (SUORIPUOI-PUR-SWLRI WY A8 I ARe1q 1]BU1IUO// A1) SUORIPUOD pUe SW L 31 39S *[£202/90/02] uo Ariqriauliuo A|im ‘or ‘g - relimeeg sndwed Ng T seuuey @ AISPAIUN AQ 12T dqu/200T 0T/10p/L0" AB] 1M Ate.q1ulUo//SARY WOy papeojumoq ‘v €202 ‘Z869898T



ROBIN ET AL. 517
TABLE 1 Baseline characteristics
No endoprosthesis Endoprosthesis

Clinicopathological features Total (n = 578) (n = 358) (n = 220) P-value
Male gender 339 (58.7%) 198 (55.3%) 141 (64.1%) .037
Age, years [IQR] 67 [59-72] 64 [55-72] 66 [53-74] 061
ASA Score .079

1-2 456 (78.9) 272 (76.4) 180 (82.6)

3-4 122(21.1) 84 (23.6) 38(17.4)
Body mass index, kg/m? [IQR] 23.6 [21.6-25.2] 23.8 [21.6-26.7] 23.8 [21.9-26.9] 625
Comorbidities

Diabetes 102 (17.6) 61(17) 41 (18.6) 625

Coronary disease 48 (8.3) 32(8.9) 26(7.3) 481

Chronic kidney failure 16 (2.8) 9(2.5) 7(3.2) .408
ACCI 2(1-4) 3(2-4) 3(2-4) 63

Preoperative pain 227 (39.3) 149 (41.9) 78 (35.6) 137
Type of stent

Metallic — — 132 (60)

Plastic — — 88 (40)
Tumor type <.001

PDAC 259 (44.8) 135 (38) 124 (56.6)

Cholangiocarcinoma 84 (14.5) 30 (8.5) 54 (24.7)

Ampulloma 54(9.3) 38 (10.7) 16 (7.3)

Neuroendocrine tumor 28 (4.8) 26 (7.3) 2(0.9)

IPMN 39(6.7) 38 (10.7) 1(0.5)

Other cancers 36 (6.2) 30(8.5) 6(2.7)

Other begin lesions 73 (12.7) 16 (16.1) 16 (7.3)

Neoadjuvant treatment 67 (11.6) 32(9) 35(15.9) .012

Note: Qualitative variables are presented as numbers (%), and quantitative variables as medians [interquartile range].

Abbreviations: ACCI, age-adjusted Charlson comorbidity index; IPMN, intraductal papillary mucinous neoplasm; IQR, interquartile range; PDAC, pancreatic

ductal adenocarcinoma.

4 | DISCUSSION

The primary findings of this prospective cohort study
of 220 patients treated with pancreaticoduodenectomy
and biliary endoprosthesis are the followings: (a) at least
one potential pathogen is identified in the bile by the
time of surgery in most patients (i.e. 9/10), primarily
Enterobacterales, enterococci, strict anaerobes, and yeasts;
(b) DIC is a common event, reported in one-fifth of pa-
tients, similar to the incidence in patients without biliary
endoprosthesis; (¢) in this cohort with routine use of cefo-
taxime plus metronidazole combination as postoperative
empirical treatment, only cefotaxime resistance was an in-
dependent predictor of DIC; (d) cefotaxime resistance in
Enterobacterales has dramatically increased throughout
the study period (from 25.5% to 45.5% of bile samples), as
could be expected given the worldwide spread of antimi-
crobial resistance, especially among Enterobacterales dur-
ing the study period. This led us to adjust postoperative

empirical treatment in our institution: we now routinely
use piperacillin-tazobactam instead of cefotaxime plus
metronidazole in patients treated with biliary endopros-
thesis and pancreaticoduodenectomy.

Since it has been established that the presence of po-
tential pathogens in bile samples is associated with in-
creased risk of DIC in these patients,'® most experts
recommend per- and postoperative use of antimicrobials
active on the main pathogens.*!” Although no definite
conclusion can be obtained from our observational study,
the fact that the incidence of DIC was similar in patients
with or without endoprosthesis suggests that routine use
of broad-spectrum antimicrobials in patients with endo-
prosthesis was able to prevent a substantial proportion of
DIC. Indeed, endoprosthesis has been associated with in-
creased risk of DIC in several studies.'®

Biliary drainage prior pancreaticoduodenectomy re-
mains a topic of extensive debate for resectable cancers,
due to its own burden of postoperative complications (in
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TABLE 2 Pro- and postoperative events
Clinicopathological features No endoprosthesis (n = 359) Endoprosthesis (n = 220) P-value
Preoperative
Intraoperative time, minutes [IQR] 282 [240-360] 300 [240-345] 138
Hard pancreas 121 (52.6) 73 (47.4) 317
Transfusion 74 (20.8) 41 (18.6) .531
Vascular resection 77 (21.4) 70 (31.8) .005
Tumor size, cm 3(2-4) 2.5(1.9-3.5) .059
Wirsung drainage 215 (60.2) 123 (56.4) .369
Postoperative
Clavien-Dindo score >3 84 (23.5) 49 (23.4) 741
Pancreatic fistula 53(14.8) 26 (11.9) .314
Biliary leak 32(8.9) 6(2.7) .004
Hemorrhage 47 (13.1) 21 (9.6) .201
Deep infectious complication 73 (20.4) 39 (17.8) 447
Infected pancreatic fistula 45 (12.6) 21(9.6)
Deep abscess” 15(4.2) 13 (6)
Cholangitis 9(2.5) 4(1.9)
Any other SSI 4(1.1) 1(0.4)
Wound abscess 15(4.2) 10 (4.6) .835
Lymphatic leak 52 (14.5) 41 (18.7) 183
Pancreatitis 19 (5.3) 7(3.2) .236
Surgical revision 56 (15.6) 18 (8.2) .009
Length of hospital stay, days® 14 [11-20] 12 [10-17] .016
Mortality rate at 30 days 14 (3.9) 7(3.2) .657
Mortality rate at 90 days 20 (5.6) 10 (4.6) .587

Note: Qualitative variables are presented as numbers (%), and quantitative variables as medians.

Abbreviations: IQR, interquartile range; SSI, surgical site infection.

aExcept pancreatic fistula.

particular DIC), and contradictory results have been re-
ported from different cohorts.”* > Recently, Sandini et al**
reported that delaying surgery up to 1 month after biliary
stenting may reduce major morbidity. However, the in-
creased use of neoadjuvant treatment in the management
of pancreatic adenocarcinomas implies an extended delay
before diagnosis and treatment of biliary obstruction
through drainage. Endoprosthesis has therefore become
an essential point in the management of periampullary
cancers. The question is not whether endoprosthesis
should be performed or not, but how to define the opti-
mal perioperative antibiotic prophylaxis and treatment
based on bile microbiology. Mechanical means such as
last-generation stents designed to limit digestive reflux in
the biliary tract have not yet reached the stage of routine
clinical practice.

The use of appropriate empirical antibacterial ther-
apy per- and postoperatively has been associated with de-
creased incidence of DIC in patients treated with biliary

endoprosthesis and pancreaticoduodenectomy.® The 5-
day duration was documented as effective by Sourrouille
et al.° The choice of the optimal antimicrobial spectrum
must take into account (a) the main pathogens involved
and their antimicrobial resistance profiles, ideally in sim-
ilar settings (i.e. local data on bile samples obtained by
the time of surgery in similar patients); (b) the impact
of extended use of broad-spectrum antibiotics, which
contribute to the emergence of multidrug resistance. For
these reasons, although carbapenems would probably be
the treatment most likely to cover the largest proportion
of potential pathogens, they are not an option, as they
should be preserved as “salvage regimen” in patients with
multidrug-resistant sepsis.?’

Our 10-year retrospective cohort study provided in-
sights on the evolution of biliary microbiota in patients
treated with biliary endoprosthesis and pancreaticodu-
odenectomy. While repartition of pathogens remained
unchanged throughout the period (data not shown),
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TABLE 3 Main bacteria and fungi isolated from preoperative

bile samples®

Microbiology

Gram-negative bacilli

Escherichia coli

Enterobacter cloacae complex

Klebsiella pneumoniae
Hafnia alvei

Klebsiella oxytoca
Citrobacter freundii
Pseudomonas aeruginosa
Citrobacter koseri
Enterobacter aerogenes
Raoultella ornithinolytica
Serratia marcescens
Gram positive cocci
Enterococcus faecalis
Enterococcus faecium
Streptococcus anginosus
Enterococcus durans
Enterococcus avium
Enterococcus Spp.

Fungi

Candida albicans

Others

wm unn N O

129
49
25

40
54

*All bacteria and fungi isolated in at least five patients are reported.

FIGURE 1 Evolution of antibiotic
resistance between periods 2010-2014 and

2015-20109.

resistance to antibiotic therapy has largely evolved, up
to the situation where almost half of patients presented

% bacteriobilia with resistance to the empirical treatment
in use during the study period. These findings are in line
431 with the literature review and modeling study by Teillant
183 et al on surgery and cancer, with approximately 50% of
152 pathogens responsible for surgical site2 infection resistant
' to the antibiotics used for prophylaxis®® and with the glo-
137 balization of antimicrobial resistance.?>** In addition,
10.2 patients treated with biliary endoprosthesis and pancre-
7.1 aticoduodenectomy are likely to have received recent an-
5.6 tibacterial treatments, at least as surgical prophylaxis by
3.0 the time of biliary endoprosthesis insertion, according to
3.0 our national guidelines, or in case they developed febrile
25 neutropenia following cancer chemotherapy, a common
55 event (25%-45%) with folfirinox-based regimens, com-
monly prescribed as neoadjuvant therapy for pancreatic
cancer.!
653 Following the emergence of antimicrobial resis-
249 tance in this population, several teams have selected
12.7 piperacillin-tazobactam as the first-line empirical treat-
3.6 ment for perioperative antibiotic prophylaxis.®***
3.0 Kriiger et al found that the prevalence of resistance
30 in bacteriobilia was 50% for cefotaxime vs 26% for
piperacillin-tazobactam.** A study from the American
0.3 College of Surgeons National Surgical Quality
Improvement Program database analyzing 15182 pan-
27.4 . . . . <1s
creatic surgeries found that patients with biliary en-
doprosthesis who received perioperative prophylaxis
60.0
*
50.0 —
0 2010-2014 m2015-2019
g 400 —
;é_’ 30.0 ]
°
§ 20.0
oo L | L I:l I:l. Clmm
Amoxicillin Cefotaxime Gentamicin  Co-trimoxazole Piperacillin Ciprofloxacin Vancomycin
Clavulanate Tazobactam
Drug class : Resistance. p-value
Period 2010-2014 Period 2015-2019
Amoxicillin Clavulanate 19 (38.8) 76 (48.7) 0.223
Cefotaxime 12 (24.5) 71 (45.5) 0.009
Gentamicine 16 (32.7) 51 (32.7) 0.996
Co-trimoxazole 9(18.4) 45 (28.8) 0.146
Piperacillin Tazobactam 5(10.2) 25 (16) 0.315
Ciprofloxacin 5(10.2) 7(4.5) 0.137
Vancomycin 2(4.1) 5(.2) 0.768
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TABLE 4 Uni- and multivariate analysis of risk factors for deep infectious complications in patient with endoprosthesis
Deep intra-abdominal Univariate
infection analysis Multivariate analysis
Clinicopathological features No Yes P-value HR 95% CI P-value
Pre- and per-operative
BMI >25kg/m? 65(37.1) 16 (41) 651 — — —
Diabetes mellitus 32(17.8) 8(20.8) .689 — — —
Smoking 66 (36.7) 16 (41) 61 — — —
Preoperative weight loss 92 (52) 15(39.5) 162 — — —
Preoperative pain 57 (31.8) 20 (51.3) .021 1.909 (0.871-4.185) .106
Previous upper GI surgery 16 (8.9) 8(21.1) .029 2.155 (0.748-6.210) 155
Neoadjuvant treatment 30(16.7) 5(12.8) .552 — — —
Soft pancreas 71 (55) 9(37.5) 114 — — —
Red blood cells transfusion 35(19.4) 6(15.4) .556 — — —
Operative time over 7 h 14 (7.8) 5(12.8) 31 — — —
Microbiology
Yeast 47 (27.6) 7(18.4) 241 — = =
Amoxicilline-clavulanate resistance 72 (45) 19 (52.8) .398 — — —
Piperacillin-tazobactam resistance 16 (8.9) 9 (25) .031 1.41 (0.520-3.825) .612
Cefotaxime resistance 56 (35) 24 (66.7) .001 3.027 (1.115-8.216) .03
Gentamicin resistance 48 (30) 18 (50) .022 1.255 (0.507-3.107) .624
Vancomycin resistance 6(3.8) 1(2.8) 776 — — —
Cotrimoxazole resistance 40 (25) 12 (33.3) .306 — — —

with broad-spectrum antibiotics had a decreased risk of
postoperative complications than patients who received
1st- to 3rd-generation cephalosporins.>> A randomized
controlled trial comparing cefoxitin and piperacillin-
tazobactam as antibiotic prophylaxis in all patients
undergoing pancreaticoduodenectomy is ongoing
(NCT03269994). The composition of gut microbiome
may be associated with increased risk of surgical com-
plications, including anastomotic fistula or adhesions.*
The presence of Klebsiella pneumoniae in bile samples
from patients undergoing pancreaticoduodenectomy
has been associated with chemoresistance to adjuvant
gemcitabine in one study, which suggests that quino-
lone therapy may be associated with survival.*® These
data as well as our study advocate for additional studies
on the biliary microbiome, and its impact on outcome in
patients with pancreatic cancer.

Our study has several limitations. Firstly, as it was a
single-center study our findings may not apply to other
settings with different epidemiology and different prac-
tices in terms of surgical treatment as well as periop-
erative antibacterial prophylaxis. Secondly, as it was
observational over a 10-year study period and patient
management may have been heterogeneous, with po-
tential biases. Thirdly, although data were prospectively
collected, the analysis of the association between bile

microbiology and outcome was not initially planned, so
that we had to merge data from the microbiology lab and
those from the prospective cohort. Fourthly, we focused
on bile microbiology, as these were the only microbio-
logical samples standardized during the study period, so
that our study was not powered to analyze the impact
of other microbiomes, such as gut microbiome. Finally,
the prospective cohort study enrolled patients who un-
derwent pancreaticoduodenectomy, and we have no
data on patients who presented serious complications
following biliary endoprosthesis that precluded pancre-
aticoduodenectomy. However, our study also has several
strengths, including the large sample size, the enrol-
ment of all consecutive patients who underwent pan-
creaticoduodenectomy in our center, and the systematic
evaluation of bile microbiology and outcomes in these
patients.

In conclusion, while preoperative insertion of bil-
iary endoprosthesis is increasingly performed in pa-
tients with pancreatic cancers, our study suggests that
perioperative antimicrobial treatment should be ad-
justed to local epidemiology of antimicrobial resistance.
As we found that the prevalence of bacteriobilia with
cefotaxime-resistant germs has increased over time,
and is an independent predictor of DIC in patients with
endoprosthesis.

85USD17 SUOWILLIOD) BANERID) B[qed1jdde B AQ pauseAoh a/e BRI YO (88N JO SN 104 ARIGITBUIIUO AB]IA UO (SUORIPUOI-PUR-SWLRI WY A8 I ARe1q 1]BU1IUO// A1) SUORIPUOD pUe SW L 31 39S *[£202/90/02] uo Ariqriauliuo A|im ‘or ‘g - relimeeg sndwed Ng T seuuey @ AISPAIUN AQ 12T dqu/200T 0T/10p/L0" AB] 1M Ate.q1ulUo//SARY WOy papeojumoq ‘v €202 ‘Z869898T



ROBIN ET AL.

| 521

ACKNOWLEDGMENT
The authors thank Lisa Corbiere and Betty Maillot for
their participation in the data collection.

CONFLICT OF INTEREST
Authors declare no conflict of interest for this article.

ORCID

Fabien Robin

https://orcid.org/0000-0002-1234-5351

REFERENCES

1.

10.

11.

12.

Pastena MD, Paiella S, Marchegiani G, Malleo G, Ciprani D,
Gasparini C, et al. Postoperative infections represent a major
determinant of outcome after pancreaticoduodenectomy: re-
sults from a high-volume center. Surgery. 2017;162:792-801.
Sauvanet A, Boher J-M, Paye F, Bachellier P, Sa Cuhna A, Le
Treut Y-P, et al. Severe jaundice increases early severe mor-
bidity and decreases long-term survival after pancreaticodu-
odenectomy for pancreatic adenocarcinoma. J Am Coll Surg.
2015;221:380-9.

Cortes A, Sauvanet A, Bert F, Janny S, Sockeel P, Kianmanesh
R, et al. Effect of bile contamination on immediate outcomes
after pancreaticoduodenectomy for tumor. J Am Coll Surg.
2006;202:93-9.

Ohgi K. Bacterobilia may trigger the development and sever-
ity of pancreatic fistula after pancreatoduodenectomy. Surgery.
2016,6:725-30.

Fujii T, Yamada S, Suenaga M, Kanda M, Takami H, Sugimoto
H, et al. Preoperative internal biliary drainage increases the
risk of bile juice infection and pancreatic fistula after pancre-
atoduodenectomy: a prospective observational study. Pancreas.
2015;44:465-70.

Sourrouille I, Gaujoux S, Lacave G, Bert F, Dokmak S, Belghiti J,
et al. Five days of postoperative antimicrobial therapy decreases
infectious complications following pancreaticoduodenectomy
in patients at risk for bile contamination. HPB. 2013;15:473-80.
Mohammed S, Evans C, VanBuren G, Hodges SE, Silberfein
E, Artinyan A, et al. Treatment of bacteriobilia decreases
wound infection rates after pancreaticoduodenectomy. HPB.
2014;16:592-8.

Gianotti L, Tamini N, Gavazzi F, Mariani A, Sandini M, Ferla F,
et al. Consequences of increases in antibiotic resistance pattern
on outcome of pancreatic resection for cancer. J Gastrointest
Surg Off J Soc Surg Aliment Tract. 2017;21:1650-7.

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation
of a combined comorbidity index. J Clin Epidemiol.
1994;47:1245-51.

Bassi C, Marchegiani G, Dervenis C. The 2016 update of the
International Study Group (ISGPS) definition and grading
of postoperative pancreatic fistula: 11years after. Surgery.
2017;161:584-91.

Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ,
Izbicki JR, et al. Delayed gastric emptying (DGE) after pan-
creatic surgery: a suggested definition by the International
Study Group of Pancreatic Surgery (ISGPS). Surgery.
2007;142:761-8.

Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A,
Gouma DJ, et al. Postpancreatectomy hemorrhage (PPH)-An

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

International Study Group of Pancreatic Surgery (ISGPS) defi-
nition. Surgery. 2007;142:20-5.

Malgras B, Duron S, Gaujoux S, Dokmak S, Aussilhou B,
Rebours V, et al. Early biliary complications following pan-
creaticoduodenectomy: prevalence and risk factors. HPB.
2016;18:367-74.

Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti
L, et al. Bile leakage after hepatobiliary and pancreatic surgery:
a definition and grading of severity by the International Study
Group of Liver Surgery. Surgery. 2011;149:680-8.

Dindo D, Demartines N, Clavien P-A. Classification of sur-
gical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey. Ann Surg.
2004;240:205-13.

Limongelli P, Pai M, Bansi D, Thiallinagram A, Tait P, Jackson
J, et al. Correlation between preoperative biliary drainage, bile
duct contamination, and postoperative outcomes for pancreatic
surgery. Surgery. 2007;142:313-8.

Miissle B, Hempel S, Kahlert C, Distler M, Weitz J, Welsch T.
Prognostic impact of bacterobilia on morbidity and postoper-
ative management after pancreatoduodenectomy: a systematic
review and meta-analysis. World J Surg. 2018;42:2951-62.

van der Gaag NA, Rauws EAJ, van Eijck CHJ, Bruno MJ, van
der Harst E, Kubben FJGM, et al. Preoperative biliary drain-
age for cancer of the head of the pancreas. N Engl J Med.
2010;362:129-37.

Gavazzi F, Ridolfi C, Capretti G, Angiolini MR, Morelli P, Casari
E, et al. Role of preoperative biliary stents, bile contamination
and antibiotic prophylaxis in surgical site infections after pan-
creaticoduodenectomy. BMC Gastroenterol. 2016;16:43.

Ng ZQ, Suthananthan AE, Rao S. Effect of preoperative biliary
stenting on post-operative infectious complications in pan-
creaticoduodenectomy. Ann Hepato-Biliary-Pancreat Surg.
2017;21:212-6.

Hamidi M, Dauch J, Watson R, O'Grady C, Hsu P, Arrington A,
et al. Outcomes with preoperative biliary stenting after pancre-
aticoduodenectomy in the modern era. J Gastrointest Surg Off J
Soc Surg Aliment Tract. 2021;25:162-8.

Elliott IA, Chan C, Russell TA, Dann AM, Williams JL, Damato
L, et al. Distinction of risk factors for superficial vs organ-space
surgical site infections after pancreatic surgery. JAMA Surg.
2017;152:1023.

Scheufele F, Schorn S, Demir IE, Sargut M, Tieftrunk E,
Calavrezos L, et al. Preoperative biliary stenting versus opera-
tion first in jaundiced patients due to malignant lesions in the
pancreatic head: a meta-analysis of current literature. Surgery.
2017;161:939-50.

Sandini M, Honselmann KC, Birnbaum DJ, Gavazzi F,
Chirica M, Wellner U, et al. Preoperative biliary stenting and
major morbidity after pancreatoduodenectomy: does elapsed
time matter?: The FRAGERITA Study Group. Ann Surg.
2018;268:808-14.

Lee YN, Moon JH, Choi HJ, Choi MH, Lee TH, Cha S-W, et al.
Effectiveness of a newly designed antireflux valve metal stent to
reduce duodenobiliary reflux in patients with unresectable dis-
tal malignant biliary obstruction: a randomized, controlled pilot
study (with videos). Gastrointest Endosc. 2016;1(83):404-12.
Sudo T, Murakami Y, Uemura K, Hashimoto Y, Kondo N,
Nakagawa N, et al. Perioperative antibiotics covering bile con-
tamination prevent abdominal infectious complications after

85USD17 SUOWILLIOD) BANERID) B[qed1jdde B AQ pauseAoh a/e BRI YO (88N JO SN 104 ARIGITBUIIUO AB]IA UO (SUORIPUOI-PUR-SWLRI WY A8 I ARe1q 1]BU1IUO// A1) SUORIPUOD pUe SW L 31 39S *[£202/90/02] uo Ariqriauliuo A|im ‘or ‘g - relimeeg sndwed Ng T seuuey @ AISPAIUN AQ 12T dqu/200T 0T/10p/L0" AB] 1M Ate.q1ulUo//SARY WOy papeojumoq ‘v €202 ‘Z869898T


https://orcid.org/0000-0002-1234-5351
https://orcid.org/0000-0002-1234-5351

522

ROBIN ET AL.

27.

28.

29.

30.

31.

32.

33.

pancreatoduodenectomy in patients with preoperative biliary
drainage. World J Surg. 2014;38:2952-9.

Fong ZV, McMillan MT, Marchegiani G, Sahora K, Malleo
G, De Pastena M, et al. Discordance between perioperative
antibiotic prophylaxis and wound infection cultures in pa-
tients undergoing pancreaticoduodenectomy. JAMA Surg.
2016;151:432-9.

Teillant A, Gandra S, Barter D, Morgan DJ, Laxminarayan R.
Potential burden of antibiotic resistance on surgery and cancer
chemotherapy antibiotic prophylaxis in the USA: a literature re-
view and modelling study. Lancet Infect Dis. 2015;15:1429-37.

Berndtson AE. Increasing globalization and the movement
of antimicrobial resistance between countries. Surg Infect
(Larchmt). 2020;21:579-85.

Alverdy JC, Hyoju SK, Weigerinck M, Gilbert JA. The gut mi-
crobiome and the mechanism of surgical infection. Br J Surg.
2017;104:14-23.

Keum J, Lee HS, Kang H, Jo JH, Chung MJ, Park JY, et al.
Single-center risk factor analysis for FOLFIRINOX associated
febrile neutropenia in patients with pancreatic cancer. Cancer
Chemother Pharmacol. 2020;85:651-9.

Degrandi O, Buscail E, Martellotto S, Gronnier C, Collet D,
Adam JP, et al. Perioperative antibiotherapy should replace
prophylactic antibiotics in patients undergoing pancreaticodu-
odenectomy preceded by preoperative biliary drainage. J Surg
Oncol. 2019;120:639-45.

Donald GW, Sunjaya D, Lu X, Chen F, Clerkin B, Eibl G, et al.
Perioperative antibiotics for surgical site infection in pancre-
aticoduodenectomy: does the SCIP-approved regimen provide
adequate coverage? Surgery. 2013;154:190-6.

35.

36.

Kriiger CM, Adam U, Adam T, Kramer A, Heidecke CD,
Makowiec F, et al. Bacterobilia in pancreatic surgery-
conclusions for perioperative antibiotic prophylaxis. World J
Gastroenterol. 2019;25:6238-47.

Kone LB, Torres C, Banulescu M, Maker VK, Maker AV.
Perioperative broad-spectrum antibiotics are associated with
decreased surgical site infections compared to 1st-3rd gen-
eration cephalosporins after open pancreaticoduodenec-
tomy in patients with jaundice or a biliary stent. Ann Surg.
2020;275:1175-83.

Weniger M, Hank T, Qadan M, Ciprani D, Michelakos T, Niess
H, et al. Influence of Klebsiella pneumoniae and quinolone
treatment on prognosis in patients with pancreatic cancer. Br J
Surg. 2020;108;709-16.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Robin F, Livin M, Bergeat
D, Triki H, Gaignard E, Cailleaux M, Cefotaxime
resistance in bile samples is an independent
predictor of deep infectious complications after
pancreaticoduodenectomy in patients with
endoprosthesis. J Hepatobiliary Pancreat Sci.
2023;30:514-522. https://doi.org/10.1002/jhbp.1214

85USD17 SUOWILLIOD) BANERID) B[qed1jdde B AQ pauseAoh a/e BRI YO (88N JO SN 104 ARIGITBUIIUO AB]IA UO (SUORIPUOI-PUR-SWLRI WY A8 I ARe1q 1]BU1IUO// A1) SUORIPUOD pUe SW L 31 39S *[£202/90/02] uo Ariqriauliuo A|im ‘or ‘g - relimeeg sndwed Ng T seuuey @ AISPAIUN AQ 12T dqu/200T 0T/10p/L0" AB] 1M Ate.q1ulUo//SARY WOy papeojumoq ‘v €202 ‘Z869898T


https://doi.org/10.1002/jhbp.1214

	Cefotaxime resistance in bile samples is an independent predictor of deep infectious complications after pancreaticoduodenectomy in patients with endoprosthesis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patients
	2.2|Surgical technique and postoperative antimicrobial treatment
	2.3|Postoperative management
	2.4|Bile microbiology
	2.5|Statistical analysis

	3|RESULTS
	3.1|Baseline characteristics
	3.2|Per-­ and postoperative events
	3.3|Bile microbiology in patients with preoperative endoprosthesis
	3.4|Risk factors for deep infectious complications in patients with preoperative biliary endoprosthesis

	4|DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	REFERENCES


