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CHAPTER 11

Clinical implications of bile

cultures obtained during
pancreatoduodenectomy: a cohort study
and meta-analysis
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ABSTRACT

Background: The association between intraoperative bile cultures and infectious
complications after pancreatoduodenectomy remains unclear. This cohort study and
meta-analysis aimed to determine the predictive role of intraoperative bile cultures in

abdominal infectious complications after pancreatoduodenectomy.

Methods: The cohort study included 114 patients undergoing pancreatoduodenectomy.
Regression analyses were used to estimate the odds to develop an organ space
infection (OSI) or isolated OSI (OSIs without a simultaneous complication potentially
contaminating the intraabdominal space) after a positive bile culture. A systematic
review and meta-analysis was performed on abdominal infectious complications
(Mantel-Haenszel fixed-effect model).

Results: The positive bile culture rate was 61%, predominantly in patients after
preoperative biliary drainage (98% vs 26%, p<0.001). OSIs occurred in 35 patients (31%)
and isolated OSIs in nine patients (8%) and were not associated with positive bile cultures
(OSlIs: odds ratio=0.6, 95% CI=0.25-1.23, isolated OSIs: odds ratio=0.77, 95% CIl=0.20-
3.04). In the meta-analysis, 15 studies reporting on 2 047 patients showed no association
between positive bile cultures and abdominal infectious complications (pooled odds
ratio=1.3, 95% CI=0.98-1.65).

Discussion: Given the rare occurrence of isolated OSIs and similar odds for patients

with positive and negative bile cultures to develop abdominal infectious complications,
routine performance of bile cultures should be reconsidered
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INTRODUCTION

Pancreatoduodenectomy remains a complex and technically demanding procedure with
high rates of morbidity (25-52%) and mortality (1-3%)."* Infectious complications, such
as surgical site infections (SSIs) and organ space infections (OSIs), are reported as the
most common complications following pancreatoduodenectomy besides pancreatic
fistula and delayed gastric emptying.>¢ Previous studies showed an association between
preoperative biliary drainage, contamination of intraoperative bile cultures (IOBCs) and
the occurrence of postoperative infectious complications, particularly SSIs.»7* Although
biliary drainage is not routinely recommended, the number of patients requiring this
preoperative procedure is expected to rise due to the increasing use of neoadjuvant
chemotherapy in pancreatic cancer. ™

Patients with a biliary stent appear to have different IOBC contamination patterns.>+*
Also, neoadjuvant treatment is associated with an alteration of the biliary microbiome.” A
study in three centers (two USA, one Italian) showed interinstitutional variability in IOBCs
and antibiotic resistance patterns, recommending institution-specific reviews to amend
protocols for antibiotic prophylaxis.* A Dutch study showed appropriate antimicrobial
coverage of IOBC microorganisms in 56% of the patients with biliary drainage and in 88%
of the patients without biliary drainage.” These findings question whether coverage of
biliary microorganisms by current antibiotic prophylaxis is sufficient.

The current perioperative antibiotic prophylaxis, generally cefazolin and metronidazole,
is used by most centers to prevent SSIs.** However, different antibiotic regimens are used
as postoperative prophylaxis to prevent OSIs. The clinical impact of bile culture based
prophylactic antibiotic treatment, especially in OSIs, is questionable. Several studies
concluded that the use of IOBCs does not offer additional information for postoperative
infectious complications.” ** Besides, poor concordance between bile cultures and
cultures from infectious sites was observed, implicating that IOBC-targeted treatment
could lead to the inappropriate use of antibiotics.”

Hence, no consensus is achieved about the predictive role of bile cultures in abdominal
infectious complications after pancreatoduodenectomy. The primary objective of this
study was to investigate the association between positive bile cultures and abdominal
infectious complications after pancreatoduodenectomy. Secondary, the predictive role
of IOBCs was evaluated by determining microorganism concordance in bile and OSI
cultures. Additionally, a systematic review and meta-analysis was performed to place
findings of the current study in perspective of the existing literature.
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METHODS

Study design & patient selection

This study was a prospective single-center cohort study, reported according to the
STROBE criteria.* All patients undergoing pancreatoduodenectomy at the Leiden
University Medical Center (LUMC), a tertiary referral center, from June 2016 through
October 2019 with an intraoperative bile culture were included. The need for informed
consent was waived by the Medical Ethics Committee of the LUMC.

Data collection

Data was collected from the mandatory Dutch Pancreatic Cancer Audit.* Additional
clinical outcomes were extracted from patient’s medical records based on the clinical
evaluation of physicians. Variables of interest included patient characteristics (age,
Body Mass Index (BMI), American Society of Anesthesiologists (ASA) score), surgical
related information, postoperative complications (e.g. OSIs, SSIs and pancreatic
fistula), preoperative biliary drainage and IOBC outcomes and peri- and postoperative
antibiotic prophylaxis. Follow-up was up to 30 days after surgery. Two authors (JVG &
DHMD) independently performed data collection for OSIs and SSIs; a third independent
investigator (JSDM) was consulted in the event of disagreement.

Definitions

Pancreatoduodenectomy included classical Whipple procedures, pylorus-preserving
and pylorus-resecting pancreatoduodenectomies. Positive IOBCs or postoperative
cultures were defined as the presence of any cultivated microorganism. OSIs and
SSIs, classified as superficial incisional SSI or deep incisional SSI, were defined by
the Center of Disease Control definition and diagnosed up until 30 days after surgery
(supplemental material 1). Due to this comprehensive description, other complications
with a non-infectious origin, for instance pancreatic fistula, interfere with the OSI
definition by contamination of the intraabdominal space.”® To decrease the interference
of confounding complications, we formulated the concept of isolated OSI to identify
‘isolated’ abdominal complications such as abdominal abscesses. An isolated OSI
was defined as a postoperative OSI occurring within 30 days after surgery without
simultaneous occurrence of complications potentially contaminating the intraabdominal
space, such as pancreatic fistula, biliary leakage, intestinal anastomotic leakage
or gastro-intestinal perforation (defined as gastric or intestinal wall discontinuity
confirmed by surgery). Pancreatic fistula and bile leakage were defined and classified
according to the International Study Group of Pancreatic Surgery definition.* 2
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Microbiological procedures

IOBCs were perioperatively obtained directly after transection of the common bile
duct. Assessment of the IOBCs was performed at the Medical Microbiology laboratory
according to laboratory’s standard operating procedure. In short, selective and
nonselective media and broth enrichment were used for culture and incubated both
aerobically and non-aerobically at 35°C. Bacteria were identified when less than
two species were growing on the plates, when virulent bacteria were suspected (e.g.
Pseudomonas aeruginosa, Staphylococcus aureus, P-hemolytic Streptococci and Clostridium
perfringens) and if any colony grew on selective culture plates for resistant pathogens.
Bacteria were categorized as mixed, fecal or skin flora in case of >2 species not suspected
for clinical relevance and IOBCs as positive or negative. OSIs were often treated by
placement of abdominal drains by a radiological intervention. Cultures of OSIs were
obtained from these abdominal drains within 24h after placement to distinguish
infection from colonization or contamination. 26 OSI cultures were analyzed to identify

clinically relevant microorganisms and determine resistance patterns.

Antibiotic prophylactic treatment

Standard antibiotic prophylaxis consisted of perioperatively intravenous (IV) cefazolin
and 500 mg IV metronidazole, as proposed by Dutch antibiotics guidelines.?”” Due to a
change in national protocol, patients undergoing surgery after October 2018 received
2 g instead of 1 g cefazolin every four hours. Doses of 3 g cefazolin were indicated for
patients with a BMI >40. Standard postoperative prophylaxis contained five days of 750
mg IV cefuroxime and 500 mg IV metronidazole three times daily according to the local
hospital protocol which conformed to the Dutch antibiotic guidelines.”

Outcomes and comparison

The main outcomes were the rate of OSIs and isolated OSIs stratified for IOBC status.
Secondary outcomes were SSIs, timing of the infectious complications, amount (none,
single or multiple) and concordance of microorganisms in IOBCs and postoperative
cultures. A Dutch study showed that abdominal drain placement as treatment for
pancreatic fistula is generally performed at median postoperative day 9 (interquartile
range 7-11 days).”® To diminish the interference of pancreatic fistula and other
complications contaminating the intraabdominal space, analyses of the concordance
between IOBCs and cultures from isolated OSIs and OSIs were limited to this time
frame. Comparisons were made for patients with positive versus negative IOBCs with
stratification for biliary drainage in subgroup analyses.
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Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version
24.0. Continuous variables were presented as median with interquartile range, whereas
categorical variables were expressed as absolute numbers and percentages. For comparison
of continuous variables, the Mann-Whitney U test was performed. Categorical data were
analyzed using the chi-squared test or the Fisher’s exact test in case of small groups of <20
patients. Binary logistic regression analyses were used to calculate odds ratios (OR) and
95% confidence intervals (95% CI) for OSIs, isolated OSIs within seven postoperative days
and SSIs. A p-value <0.05 was considered statistically significant.

Systematic review of literature and meta-analysis

A systematic literature search was performed according to the PRISMA statement.?
PubMed, Embase, Web of Science, COCHRANE Library, Academic Search Premier
and PubMed Central were searched for full-text, English-written articles investigating
the role of IOBCs in postoperative infectious complications. Titles, abstracts and full-
text articles were screened by two independent authors (JVG & DHMD) for eligibility.
Articles were selected if a comparison was made for patients with positive and negative
IOBCs and study outcomes included postoperative infectious complications. Literature
reviews, case reports and case series were excluded. Data extraction was performed
using a standardized form with study characteristics, methods of IOBC assessment,
number of patients with biliary drainage, IOBCs characteristics and postoperative
infectious complications. The risk of bias was determined using the ROBINS-I tool
for cohort studies.*® Quantitative analysis on the primary outcomes (abdominal
infectious complications such as OSIs, intraabdominal infections or abscesses and
wound infections) was performed using Review Manager (RevMan version 5.3). To
assess heterogeneity between studies, the I* statistic was used. An I* value of >50% was
considered to represent substantial heterogeneity. The Mantel-Haenszel fixed-effect
model was used to calculate pooled effects, represented as OR and 95% CI.

RESULTS

Patient characteristics

Of the 133 consecutive patients undergoing pancreatoduodenectomy from June 2016
until October 2019, 114 patients with an obtained IOBC were included (Table 1). Baseline
characteristics (notably age, ASA score and BMI) of the nineteen patients without
obtained bile cultures were comparable to the 114 included patients (data not shown). In
nine patients, bile cultures were not performed because of robotic surgery. Preoperative
biliary drainage was performed in 56 of the 114 patients (49%). A number of 103 patients
received postoperative antibiotic prophylaxis by protocol, which was comparable in
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patients with and without biliary drainage (86% versus 95%). Reasons for adjustments in
postoperative prophylaxis were postoperative fever or sepsis (n=7), preoperative
infections (n=2), adjustments based on postoperative cultures (n=1) or allergies (n=1).
Bile cultures were positive in 70 patients: 55 patients with and 15 patients without a
biliary stent (98% versus 26%, p<0.001). Multiple microorganisms were cultured in 55
IOBCs; in 47 patients with and eight patients without biliary drainage (84% versus 14%,
p<o0.001). Of the 15 patients without biliary drainage and a positive IOBC, 12 patients
underwent a preoperative endoscopic retrograde cholangiopancreatography (ERCP) or
had a periampullary malignancy versus two of the 43 patients with a negative IOBC
without biliary drainage (80% versus 0.05%, p<0.001).

Table 1. Baseline characteristics

Preoperative biliary drainage

Total No Yes
N % N % N % P
Total 114 100 58  50.9 56 49.1
Sex Male 68 59.6 32 55.2 36 64.3
0.321

Female 46 40.4 26  44.8 20 35.7
Age (years), median (IQR) 68 (59-74) 68 (59-73) 68 (59-74) 0.766
BMI (kg/m?), median (IQR) 25.3(23.1-28.4)  25.7(23.0-28.1)  25.1(23.3-28.6) 0.786
ASA groups I-11 88 77.2 48  82.8 40 71.4

III-IV 26 22.8 10 17.2 16 28.6 o149
Type of surgery Classical 47 412 21 36.2 26 46.3

PPPD 65 57.0 35 60.3 30 53.6 0.237

PRPD 2 1.8 2 3.4 o 0.0
Blood loss (mL), median (IQR) 1000 (750-1400) 1000 (530-1250) 1000 (800-1400) 0.147
Duration of surgery (min), median 0.005
(IQR) 261 (240-309) 253 (226-291) 273 (245-324)
Additional resection 8 7.0 6 10.3 2 3.6  0.157
Venous resection 15 3.2 6 10.3 9 16.1  0.366
Arterial resection 1 0.9 o 0.0 1 1.8 0.307
Postoperative antibiotics
per protocol” 103 90.4 55 94.8 48 85.7 0.099
10BCs Positive 70 61.4 15  25.9 55 98.2

<0.001

Negative 44 38.6 43 741 1 1.8
MicroorganismsinIOBC ~ Multiple 55 48.2 8 13.8 47 83.9

Single 15 3.2 7 12.1 8 14.3 <0.001

None 44 38.6 43  74.1 1 1.8

*Cefuroxime and metronidazole for five days. IQR: Interquartile range. BMI: Body Mass Index. ASA:
American Society of Anesthesiologists. Classical: Whipple pancreatoduodenectomy. PPPD: pylorus
preserving pancreatoduodenectomy. PRPD: pylorus resecting pancreatoduodenectomy. IOBC:
intraoperative bile culture
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Primary outcome

OSIs occurred in 35 patients (31%); 18 patients (26%) with positive and 17 (39%) with
negative I0BCs (OR=0.6, 95% CI=0.25-1.23. Table 2). After stratification for biliary
drainage, OSI rates remained comparable for positive and negative IOBCs in patients
without a biliary stent (35% and 37%). Isolated OSIs occurred in nine patients (8%): five
patients with positive and four with negative IOBCs (OR=0.77, 95% CI=0.20-3.04). OSIs
were not isolated in 26 patients, mainly because of simultaneous occurrence of
pancreatic fistula in 21 patients (81%).

Table 2. Infectious complications

Intraoperative bile culture

Total Negative Positive

(n=114) (n=44) (n=70)

N % N % N % P
0OsI 35 31 17 39 18 26  0.145
Timing 1-7 Days 15 13 5 11 10 14  0.076

8-14 Days 9 8 7 16 2 3
>14 Days 1 10 5 11 6 9
Isolated OSIs* 9 8 4 9 5 7 0.707
Timing 1-7 Days 4 4 1 2 3 4 0.316
8-14 Days 2 2 2 5 o o
>14 Days 3 3 1 2 2 3
0SIs with simultaneous occurrence of 26 23 13 30 13 19  0.774
confounding complications
Pancreatic fistula 21 18 1 25 10 14  0.581
Biliary leakage 3 3 2 5 1 1 0.512
Enteric leakage or perforation 2 2 o o 2 3 0.157
SSI 22 19 8 18 14 20 0.811
Location Superficial 19 17 7 16 12 17 0.965
Deep 3 3 1 2 2 3
Timing 1-7 Days 8 7 3 7 5 7 0.947
8-14 Days 7 6 2 5 5 7
>14 Days 7 6 3 7 4 6

OSI: Organ Space Infection. SSI: Surgical Site Infection.
* OSIs in absence of confounding postoperative complications
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Secondary outcomes

SSIs occurred in 22 patients (19%), of which 19 patients had superficial and three patients

had deep incisional SSIs (Table 2). SSIs developed in 14 patients with positive and eight

patients with negative IOBCs (OR=1.1, 95% CI=0.43-2.95). SSI rates remained comparable

in patients with positive and negative IOBCs after stratification for biliary stenting (data

not presented).

Isolated OSIs were not more observed in the first postoperative week compared to the

second postoperative week or later after pancreatoduodenectomy. Isolated OSIs within

seven days after surgery developed in three patients (4%) with positive and one (1%) with
a negative IOBC (OR=1.9, 95% CI=0.19-19.10).

h 4

POBD -
N=15(21.4%)
08l +
N=6
051 8-14 days
N=1
05l *14 days h
N=1
081 <7 days
N=4
05l eulture
N=4
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N=3

10BCs-0S1 match
N=1

.

Complete match
N=0

h 4

POBD +
N =55(78.6%)
051 +
N=12
051 8-14 days
’-’ N=1
h 4 L 05l >14 days
N=5
05l <7 days
N=6
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.
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Figure 1. Culture concordance between bile and OSI cultures in patients with OSIs within

seven days after pancreatoduodenectomy.
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Multi-drug resistant organisms (MDRO) were cultivated from the IOBCs of three patients
(3%). Detailed analysis of the microorganisms cultured from OSIs was performed in
patients who developed an OSI or isolated OSI within seven days after surgery (n=15).
Nine patients had both a positive IOBC and an obtained OSI culture (Figure 1). Partial
microorganism concordance between bile and OSI cultures was observed in five of the
nine patients. Complete concordance was seen in one out of nine patients.

Systematic review of literature and meta-analysis

The literature search identified 526 studies. After screening titles, abstracts and full-
texts, 17 studies were included (Figure 2).» ¢ 7 %1934 The gelected studies included
one prospective and 16 retrospective cohort studies evaluating IOBCs obtained during
pancreatoduodenectomy (supplemental material 3). Three studies reported detailed
information about the microbiological assessment of IOBCs*****, while the remaining
14 studies either did not report these methods or reported them as standard laboratory’s
procedures. Various definitions were used for wound infections, OSIs, abdominal
infections and abscesses. The studies did not report on isolated abdominal infections
or time-depending infectious complications after pancreatoduodenectomy. Most of the
studies were qualified as having a moderate risk of bias, but four studies were assessed
to have a serious risk of bias (supplemental material 4). Reasons for elevated risks of
bias were mostly the absence of clear definitions for infectious outcomes or different
antimicrobial regimes in the groups with positive and negative bile cultures.

The reported percentage of positive IOBCs varied from 40-90%." & 7 % 1 34 Positive
IOBCs were more often observed in patients with biliary drainage (median 88%, range
47-100% versus median 29%, range 5-57%). The quantitative analysis included 15 of the
selected studies and the current study (Figure 3). Fifteen studies, including the current
study, reported on OSls, abdominal infections or abdominal abscesses in 2 047 patients
and showed comparable rates of abdominal infectious complications in patients with
positive and negative IOBCs (OR=1.3, 95% CI=0.98-1.65, [>=38%, figure 3A). Fourteen
studies, including the current study, reported on surgical site infections or wound
infections in 2 064 patients and observed an association between positive bile cultures
and wound infections (OR=3.5, 95% CI=2.65-4.61. I’=0%. Figure 3B). The funnel plots
showed a nearly symmetrical scatter around the mean for all outcomes (supplemental
material 5). Sensitivity analyses with a random-effects model showed similar results for
both OSIs and SSIs (supplemental material 6).
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Records identified through database searching
(n=526)
PubMed: 157
Embase: 115
Web of Science: 110
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PubMed Central: 104

c
o
o
o
]
=
=
c
@
=

l

Records excluded
- Title (n=187)
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Figure 2. Study selection for the systematic review and meta-analysis

261

Awoidauaponporeardued Surmp paureiqo saInimd ay1q jo suonedrdur [edrur[) - 11 rodey)d

El



A) Abdominal infectious complications

Positive IOBCs  Negative IOBCs Odds Ratio Odds Ratio
Study or Subgroup  Year Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Povoski et al. 1999 17 94 2 67 1.9% 7.18(1.60,3222)
Nomura et al. 1999 kil 50 4 13 24% 367 [0.99,13.59)
Grizas et al 2005 3 33 1 A 09% 3.00[0.30, 30.50] =
Islaetal 2007 1 67 1 48 1.1% 0.71[0.04,11.67)
Limangelli et al 2007 16 113 18 107 158% 0.82[0.38,1.70) e
Sivaraj et al. 2010 7 35 1 4 0.7% 10.00[1.16, 85.87]
Morris-Stif et al, 2011 12 189 g 91 101% 0.70[0.28,1.79) =7
Contes et al. 2016 L} 35 1 44 08% 7.17[0.80,64.49) T
Ohagi et al. 2016 34 161 24 113 21.2% 1.08 [0.60, 1.95] o 5
Scheufele et al 2017 22 189 10 97 11.7%  1.15(052,253) .y
Ng etal. 2017 6 20 9 3 49% 1.05[0.31, 3.59) SN S
Kumagai et al. 209 7 19 10 42 39% 1.87 [0.58, 6.03) o
Maatman et al. 2019 6 a9 3 73 31% 1.69 [0.41, 6.99) 9
‘Sugimachi et al. 2019 18 28 15 23 59% 0.96 [0.30, 3.05) T
Current study 2020 18 70 17 44 155% 0.55[0.24,1.24) e
Total (95% CI) 1182 865 100.0%  1.27 [0.98, 1.65] »
Total events 203 124
Heterogeneity. ChiF = 22.65, df= 14 (P = 0.07), F= 38% obi o T Tho
Testfor overall effect: Z=1.79 (P = 0.07) Negative I0BCs  Positive I0BCs

B) Wound infections

Positive IOBCs  Negative IOBCs Odds Ratio Odds Ratio
Study or Subgroup Year Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C|
Povoski etal 1999 20 94 3 67 4.5% 57T[1.64,2030) o —
Jagannath et al, 2005 22 57 9 87 7.2% 545(2.28,13.03)
Grizas el al. 2005 2 33 0 3 0.9% 500002310839 I
Limongelli et al. 2007 43 113 18 107 18.9% 3.04[1.61,5.72) —
Islaetal 2007 3 67 2 48 37% 1.08[0.17,6.71] —1]
Sivaraj et al 2010 18 35 9 41 66% 376(1.39,10.16) ———
Morris-Stiff et al. 2011 35 189 7 91 12.7% 273[1.16,6.41] [
Cortes et al. 2016 7 35 2 44 23% 525[1.02,27.14)
Ohgi et al. 2018 43 151 ] 113 108% 5.23[2.35,11.64) R
Scheufele et al. 2017 39 186 [ 87 10.3%  4.02[1.64,9.88) T
Ng etal. 2017 14 20 7 3 27% B8.00[2.24,28.61]
Sugimachi et al. 2018 4 28 2 22 31% 1.75[0.29,10.54] e
Maatman et al, 2019 5 -] 2 73 34% 211[0.40,11.22) .=, -
Current study 2020 14 70 8 44 13.0% 1.13[0.43, 2.95) e
Total (95% CI) 1167 897 100.0%  3.49[2.65 4.61] *
Total events 269 3
Heterageneity, Chi*= 12.93, df= 13 (P = 0.45); F= 0% o o 1 e
Testfor overall effect Z= 8.83 (P < 0.00001) Negative IOBCs Positive IOBCs

Figure 3. Forest plots for abdominal infectious complications (A) and wound infections (B) in
patients with positive versus negative intraoperative bile cultures

DISCUSSION

The primary aim of this study was to evaluate the predictive role of IOBCs in
the occurrence of abdominal infectious complications in patients undergoing
pancreatoduodenectomy. Positive IOBCs were not associated with the occurrence of
OSIs, which was confirmed by the meta-analysis on abdominal infectious complications.
Even more, only 8% of patients developed an isolated OSI, which was not associated with
IOBC status.

The systematic review and meta-analysis included in this study confirmed the lack of
correlation between IOBCs and abdominal infectious complications. Although some

studies associated specific microorganisms (e.g. Enterococcus and Enterobacter species)
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with an increased risk for infectious complications, the clinical impact of these findings
is questionable.> 7+ 3¢ 4> For example, empirical antibiotic therapy is often not directed
at Enterococcus species.® * We found a complete concordance of bile and OSI cultures in
only one of the nine patients with obtained OSI cultures and OSIs occurring within seven
postoperative days. The polymicrobial origin of bile cultures in patients with biliary
stents could account for the partial matches, by which the directive value of IOBCs would
be negligible. These findings are in line with a recent study also demonstrating a poor
concordance between IOBCs and postoperative cultures.” Taken together, a positive
bile culture seems to be an inadequate predictor for the development of a postoperative
infection as well as its causing pathogens.

In this study, the concept of isolated OSI was defined to account for the multifactorial
origin of postoperative infections in pancreatic surgery and to rule out interference of
confounding complications contaminating the intraabdominal space. Particularly, the
occurrence of pancreatic fistula contributes to higher OSI rates as both definitions show
considerable overlap. We observed a simultaneous occurrence of pancreatic fistula in
81% of the patients with OSIs. Besides, patients without preoperative biliary drainage
generally have a smaller pancreatic duct and a soft pancreatic remnant, which is a risk
factor for the development of pancreatic fistula. This is a likely explanation for the
observed higher OSI rate in the patients without biliary drainage.s ™ * Isolated OSIs
occurred in only nine patients and OSI rates were similar in patients with positive and
negative IOBCs. Whether these low rates are attributable to the prolonged postoperative
antibiotic prophylaxis of five days in this study, is subject of further investigation.

The use of postoperative prophylactic antibiotic treatment varies considerably between
institutes since evidence for type and duration of postoperative prophylaxis is limited in
this type of surgery.®™ In our center, patients received standard antibiotic prophylaxis
for five postoperative days. To our knowledge, only one study was conducted to evaluate
the effect of prolonged antibiotic prophylaxis after pancreatoduodenectomy. This
randomized controlled trial compared one-day to five-days postoperative antibiotic
prophylaxis in only patients with preoperative biliary drainage and reported no benefit of
prolonged postoperative prophylaxis regarding infectious complications in this group of
patients.* However, the overall effect of standard prolonged antibiotic prophylaxis after
pancreatoduodenectomy remains undetermined. As a more personalized alternative,
several retrospective and one randomized controlled trial investigated the value of
postoperative antibiotic prophylaxis based on IOBCs or even on preoperative cultures.**
4751 Most studies showed a decrease in wound infections in the IOBC-targeted group, but
similar rates of abdominal infectious complications.* - However, type and duration of
the antimicrobial prophylaxis varied largely. Also, the selection of the patients receiving
the IOBC-targeted or prolonged prophylaxis differed between the studies. Furthermore,
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none of these studies used the concept of isolated OSIs and confounding complications
could have interfered with the effect of the antibiotic prophylaxis. Altogether, the
benefit of IOBC-targeted postoperative antibiotic prophylaxis remains disputable.
However, standard use of postoperative antibiotic prophylaxis based on bile cultures will
undoubtedly lead to the inappropriate use of broad-spectrum antibiotics.

Given the negligible predictive value of IOBCs and limited evidence for IOBC-based
prophylactic antibiotic treatment, routine performance of IOBCs is questionable.
Recently, updated recommendations from the Enhanced Recovery After Surgery
guidelines stated that bile cultures should only be obtained in patients with biliary
drainage and that postoperative antibiotic prophylaxis could be considered in patients
with positive IOBCs.** The current study confirmed the high incidence of positive IOBCs
in patients with a biliary stent. Moreover, performance of a preoperative ERCP without
biliary drainage or the presence of periampullary tumors increased the risk of a positive
IOBC. For that reason, performance of IOBCs could be considered in these patients if a
positive IOBC leads to adequately adjusted postoperative antimicrobial prophylaxis. On
the other hand, the high likelihood of a positive IOBC in patients after biliary stenting
could be an argument to refrain from obtaining I0BCs, as culture results including
specific microorganisms and their resistance patterns will be available after several days,
most often coinciding with the end of prophylaxis.

Limitations of this study include the observational designs of the current study and the
studies included in the meta-analysis, although results of the qualitative analysis did
not change relevantly in a random-effects model. Furthermore, not all 133 consecutive
patients were included because of not performed IOBCs, predominantly in patients
undergoing robotic surgery. However, baseline characteristics and OSI occurrence
of these patients were comparable to the study population. Another limitation is the
standard use of postoperative antibiotic prophylaxis, which could have interfered
with the development of OSIs. Besides, not all pathogens were identified in positive
IOBCs, due to the microbiological assessment by standard laboratory’s procedures.
Although clinical relevant pathogens were individually evaluated, this factor might have
complicated the concordance analysis for which these results were interpreted with a
hypothesis-generating intention.

Despite these limitations, this study represents the use of IOBCs in a real-world
clinical setting with comparable groups at baseline and clear definitions for OSIs,
isolated OSIs and SSIs. Especially the concept of isolated OSI provided insight in the
high frequency of confounding complications in patients with abdominal infections
after pancreatoduodenectomy. Previous studies used various definitions for infectious
complications leading to a disparity in reported abdominal infectious complications. For
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instance, Gavazzi et al reported 27% OSIs and 5% abdominal abscesses within the same
population.’ Combined with the systematic review and meta-analysis, an overview of
the current knowledge about IOBCs was demonstrated in this study, resulting in a more
critical note about the predictive role of IOBCs. With regard to expanding antibiotic
resistance and stewardship®> *, the current postoperative prophylactic antibiotic
treatment should be critically evaluated in a clinical trial to evade unnecessary use of

antimicrobial prophylaxis.

In conclusion, similar rates of postoperative infections were observed in patients with
positive and negative bile cultures in this study. Regarding the low pathogenicity of the
cultured microorganisms and the substantial incidence of confounding non-infectious
complications, the predictive value of IOBCs in infectious complications seems limited.
Thus, the routine performance of IOBCs should be reconsidered and the efficacy
of postoperative prophylactic antibiotic treatment after pancreatoduodenectomy
needs further evaluation. The concept of isolated OSI in pancreatic surgery should be

incorporated in future studies.
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“Organ/space SSIs must meet the following criteria:

272

Infection occurs within 30 days after the operative procedure if no implant is
left in place or within 1 year if implant is in place and

The infection appears to be related to the operative procedure and infection
involves any part of the anatomy (e.g., organs or spaces) other than the incision
opened or manipulated during the operative procedure, and at least one of the
following is present:

o 1. Purulent drainage from a drain that is placed through a stab wound*
into the organ/space.

o 2. Organisms isolated from an aseptically obtained culture of fluid or
tissue in the organ/space.

o 3. An abscess or other evidence of infection involving the organ/space
on direct examination, during reoperation, or by histopathologic or
radiologic examination.

o 4. Diagnosis of an organ/space SSI by a surgeon or attending
physician.”



Supplemental information 2. Literature search for PubMed

Combined search of two components (pancreatoduodenectomy and bile cultures):

(((“Pancreaticoduodenectomy”[Mesh] OR “pancreaticoduodenectomy”[tw]
OR pancreaticoduodenectom®[tw] OR “pancreatoduodenectomy”[tw]
OR pancreatoduodenectom®[tw] OR “duodenopancreatectomy”[tw] OR

duodenopancreatectom®[tw] OR “pancreatico duodenectomy”[tw] OR pancreatico
duodenect*[tw] OR “duodeno pancreatectomy”[tw] OR duodeno pancreatectom®[tw])
AND (“bile cultures”’[tw] OR “bile culture’[tw] OR “bile duct cultures’[tw] OR “bile
duct culture’[tw] OR “cultured bile’[tw] OR “bile analysis”[tw] OR “bile analyses”[tw]))

OR (“Pancreaticoduodenectomy”[Mesh] OR “pancreaticoduodenectomy”[tw]
OR pancreaticoduodenectom®[tw] OR “pancreatoduodenectomy”[tw]
OR pancreatoduodenectom® [tw] OR “duodenopancreatectomy”[tw] OR

duodenopancreatectom*[tw] OR “pancreatico duodenectomy”[tw] OR pancreatico
duodenect*[tw] OR “duodeno pancreatectomy”[tw] OR duodeno pancreatectom®[tw])
AND (“Bile/analysis”[Mesh] OR “Bile/microbiology”[Mesh] OR “biliary stenting’[tw]
OR “biliary stents”[tw] OR “biliary stenting”[tw] OR “bile duct stent”’[tw] OR “bile
duct stents”[tw] OR “bile duct stenting’[tw] OR “biliary duct stent’[tw] OR “biliary
duct stents”[tw] OR “biliary duct stenting”’[tw])) OR ((“Pancreatectomy”[Mesh] OR
“pancreatectomy”[tw] OR pancreatectom®[tw] OR whipple procedure*[tw] OR whipple
resect*[tw] OR whipple surger*[tw] OR “bile contamination’[tw] OR bile contamin*[tw]
OR “Pancreatic Diseases/surgery”’[Mesh] OR pancreatic surg“[tw] OR pancreas
surg*[tw]) AND (“bile cultures”[tw] OR “bile culture’[tw] OR “bile duct cultures’[tw]
OR “bile duct culture’[tw] OR “cultured bile’[tw] OR “bile analysis”[tw] OR “bile
analyses”[tw] OR “biliary stenting”[tw] OR “biliary stents”[tw] OR “biliary stenting”[tw]
OR “bile duct stent”[tw] OR “bile duct stents”’[tw] OR “bile duct stenting’[tw] OR
“biliary duct stent”’[tw] OR “biliary duct stents’[tw] OR “biliary duct stenting”[tw])))
AND (english[la] OR dutch[la]) NOT ((“Case Reports”’[ptyp] OR “case report”[ti] OR
“Review”[ptyp] OR “review”[ti]) NOT (“Clinical Study”[ptyp] OR “trial”[ti] OR “RCT”[ti]))
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Chapter 11 - Clinical implications of bile cultures obtained during pancreatoduodenectomy
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Supplemental information 5. Funnel plots for abdominal infectious
complications (A) and wound infections (B)

A) Abdominal infectious complications

o o SfegoA

B) Wound infections
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Supplemental material 6. Forest plots for postoperative abdominal
infectious complications (A) and wound infections (B) in patients
with positive versus negative intraoperative bile cultures, using the

random-effects model.
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B) Wound infections
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