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Objective: The use and impact of antibiotics and the impact of causative
pathogens on clinical outcomes in a large real-world cohort covering the
entire clinical spectrum of necrotizing pancreatitis remain unknown.
Summary Background Data: International guidelines recommend broad-
spectrum antibiotics in patients with suspected infected necrotizing
pancreatitis. This recommendation is not based on high-level evidence
and clinical effects are unknown.
Materials and Methods: This study is a post-hoc analysis of a nationwide
prospective cohort of 401 patients with necrotizing pancreatitis in 15
Dutch centers (2010-2019). Across the patient population from the time
of admission to 6 months postadmission, multivariable regression anal-
yses were used to analyze (1) microbiological cultures and (2)
antibiotic use.

Results: Antibiotics were started in 321/401 patients (80%) administered
at a median of 5 days (P25-P75: 1-13) after admission. The median
duration of antibiotics was 27 days (P25-P75: 15-48). In 221/321 patients
(69%) infection was not proven by cultures at the time of initiation of
antibiotics. Empirical antibiotics for infected necrosis provided insuffi-
cient coverage in 64/128 patients (50%) with a pancreatic culture. Pro-
longed antibiotic therapy was associated with Enterococcus infection
(OR 1.08 [95% CI 1.03-1.16], P= 0.01). Enterococcus infection was
associated with new/persistent organ failure (OR 3.08 [95% CI 1.35-7.29],
P< 0.01) and mortality (OR 5.78 [95% CI 1.46-38.73], P= 0.03). Yeast
was found in 30/147 cultures (20%).
Discussion: In this nationwide study of patients with necrotizing pan-
creatitis, the vast majority received antibiotics, typically administered

From the Departments of *Surgery; †Research; ∥∥∥Radiology; ****Gastro-
enterology and Hepatology, St. Antonius Hospital, Nieuwegein;
‡Department of Surgery, Amsterdam UMC, location University of
Amsterdam,; §Amsterdam Gastroenterology Endocrinology Metabolism;
¶Department of Gastroenterology and Hepatology, Amsterdam UMC,
location University of Amsterdam; ∥∥Department of Gastroenterology
and Hepatology, Onze Lieve Vrouwe Gasthuis, Amsterdam; ∥Depart-
ment of Gastroenterology and Hepatology; †††Department of Surgery;
‡‡‡Department of Gastroenterology and Hepatology, Canisius Wilhel-
mina Hospital, Nijmegen; #Department of Gastroenterology and Hep-
atology, Catharina Hospital, Eindhoven; **Department of Surgery,
Maastricht University Medical Center+, Maastricht; ††Department of
Gastroenterology and Hepatology, Maasstad Hospital; ¶¶Department of
Gastroenterology and Hepatology, Erasmus Medical Center, Rotterdam;
‡‡Department of Gastroenterology and Hepatology, Leiden University
Medical Center, Leiden; §§Department of Surgery, Gelre Hospital,
Apeldoorn; ##Department of Gastroenterology and Hepatology, Reinier
de Graaf Gasthuis, Delft; ***Department of Gastroenterology and
Hepatology, Meander Medical Center, Amersfoort; §§§Department of
Gastroenterology and Hepatology, Medical Spectrum Twente, Enschede;
¶¶¶Department of Medical Microbiology; ###Julius Center for Health
Sciences and Primary Care, Utrecht University; and ††††Department of
Surgery, University Medical Center Utrecht, Utrecht.

✉h.vansantvoort@umcutrecht.nl.

R.P.V. and H.C.v.S. shared senior authorship
This study is investigator-initiated (St. Antonius Hospital) and is supported by

the Antonius Research Fund. The funder had no role in any part of the
study design, conduct and analysis.

H.C.T., P.C.N. and Y.A.M. collected and entered all data, F.v.d.B. and S.M.v.D.
verified all entered data. T.L.B. reviewed abdominal radiologic images.
H.C.T. performed the statistical analysis. H.C.T. drafted the manuscript. F.v.
d.B., P.C.N., S.M.v.D., J.v.B., C.S.W., D.S.U., Y.A.M., W.L.C., S.B., M.H.,
A.I., Y.I., J.M.J., P.J.F.d.J., R.Q., M.P.S., M.S., A.C.I.T.L.T., N.G.V.,
M.G.B., M.J.B., E.S., R.C.V., R.P.V., H.C.v.S. co-authored the writing of
the manuscript. All authors critically assessed the study design, included
patients in the study, edited the manuscript, and read and approved the final
manuscript.

Correspondence during review phase: Mrs. Hester C. Timmerhuis, MD, Email:
h.timmerhuis@antoniusziekenhuis.nl

The authors declare no conflicts of interest.
Supplemental Digital Content is available for this article. Direct URL cita-

tions appear in the printed text and are provided in the HTML and PDF
versions of this article on the journal’s website, www.annalsofsurgery.
com.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0003-4932/23/27804-e812
DOI: 10.1097/SLA.0000000000005790

ORIGINAL ARTICLE

e812 | www.annalsofsurgery.com Annals of Surgery � Volume 278, Number 4, October 2023

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

D
ow

nloaded from
 http://journals.lw

w
.com

/annalsofsurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 12/06/2023



early in the disease course and without a proven infection. Empirical
antibiotics were inappropriate based on pancreatic cultures in half the
patients. Future clinical research and practice must consider antibiotic
selective pressure due to prolonged therapy and coverage of Enterococcus
and yeast. Improved guidelines on antimicrobial diagnostics and therapy
could reduce inappropriate antibiotic use and improve clinical outcomes.

Keywords: necrotizing pancreatitis, antibiotics, antimicrobial, antifungal,
microbiology

(Ann Surg 2023;278:e812–e819)

A ntibiotic treatment remains the cornerstone of disease
management when infected necrosis occurs in patients with

necrotizing pancreatitis. However, optimal antibiotic use is
challenging. Firstly, it remains difficult to differentiate between
clinical deterioration caused by systemic inflammatory response
syndrome (SIRS) or by sepsis due to infected necrosis.1 Secondly,
for targeted antibiotic therapy, microbiological cultures are
required, but fine needle aspiration (FNA) is currently not
routinely recommended, given the possibility of possible false-
negative results and iatrogenic infection.2

While international guidelines do not recommend anti-
biotic prophylaxis,2–4 empirical broad-spectrum antibiotics are
recommended when infected necrosis is suspected based on
clinical deterioration.2–7 However, the worldwide use of broad-
spectrum antibiotics may lead to antibiotic resistance.8 Anti-
microbial resistance is reported to be a leading cause of death
around the world, indicating a health problem whose magnitude
is at least as large as major diseases such as the human immu-
nodeficiency virus.9 Previous studies have concluded that there is
an overuse and misuse of antibiotic regimens in patients with
necrotizing pancreatitis.10–13 However, the studies are either
small and retrospective11,13 or based only on questionnaires
rather than clinical data10,12 (the most recent data dates from
201312). Since 2013, the treatment approach for infected necrosis
has changed from invasive to less invasive interventions, with
antibiotics playing a larger role. In the current era, there is
limited understanding on the clinical impact of cultured
microbes, antibiotic resistance, and antibiotic use. As a result,
patients may keep receiving unnecessary or untargeted, broad-
spectrum antibiotic therapy. To address this efficiency in clinical
research, we evaluated the clinical impact of different pathogens
and antibiotic use on clinical outcomes in the current era in a
large prospective cohort of unselected patients with necrotizing
pancreatitis.

MATERIALS AND METHODS

Study Design and Population
This study was a post-hoc analysis of patients included in

the nationwide prospective registry of acute pancreatitis (PWN-
CORE) of the Dutch Pancreatitis Study Group. A subset of
these patients was also randomized in the TENSION study.14

For the current study, all patients with necrotizing pancreatitis
over 18 years of age, treated between January 1, 2010, and
December 31, 2019, were selected, spanning 15 hospitals.
Patients were excluded for which electronic medical records were
unavailable, who exhibited signs of chronic pancreatitis
according to the M-ANNHEIM criteria15 or who were diag-
nosed with pancreatic carcinoma at admission. Approval was
obtained for PWN-CORE by a central medical ethics committee
and by the institutional review board of each participating

hospital. For the current study, the medical ethics committee
waived the need for additional ethical approval. This study was
reported according to the ‘Strengthening the Reporting of
Observational Studies in Epidemiology’ (STROBE) guidelines16

and conducted in accordance with the principles of the Decla-
ration of Helsinki. All patients or their legal representatives gave
written informed consent for the PWN-CORE registry.

Definitions
Acute pancreatitis was diagnosed according to the revised

Atlanta classification.17 Necrotizing pancreatitis was defined as
either necrosis of pancreatic tissue or/and peripancreatic tissue
demonstrated on a contrast-enhanced computed tomography
(CT) or by a computed tomography severity index (CTSI)-score
of 3 or higher.17 An expert pancreatic radiologist (TLB)
reviewed all abdominal radiologic images to determine the
computed tomography severity index-score and to assess the
presence and location of peripancreatic fluid collections and
(peri)pancreatic necrosis.

Antibiotic use information was collected from the time of
admission until 6 months postadmission. We included both
antibacterial and antifungal therapy but excluded selective
decontamination of the digestive tract. Broad-spectrum anti-
biotics included carbapenems, quinolones, metronidazole, and
third-generation or higher-generation cephalosporins.

For the current study, we made a distinction between a
proven and nonproven infection according to predefined cri-
teria and following a standard diagnostic work-up (ie, blood
cultures, urine cultures, chest x-ray). This distinction was based
on the notes of the treating clinician. Proven infections included
pneumonia, cholangitis, cholecystitis, urinary tract infection,
infected (peri-)pancreatic necrosis, and other less prevalent
infections. All definitions are provided in Supplementary Table
S1, Supplemental Digital Content 1, http://links.lww.com/SLA/
E397. Nonproven infections were defined as instances of clinical
suspicion for one of the aforementioned infections or fever of
unknown origin but without meeting the criteria for proven
infections. Infected necrosis was considered proven when (1) gas
configurations were present on contrast-enhanced CT before
the first pancreatic intervention or (2) either FNA or the first
drainage procedure from pancreatic of peripancreatic fluid
resulted in a positive culture. If infection of the pancreatic
necrosis could not be proven according to our criteria, but there
was a clinical suspicion according to the treating clinician,
we defined this as suspected infected necrosis (nonproven
infection).

We only included cultures that were directly obtained from
percutaneous catheter drains within 24 hours after the intervention
or during radiologic, endoscopic or surgical intervention (includ-
ing FNA) to describe the microbiological pathogens in infected
pancreatic necrosis and to distinguish relevant cultures from drain
colonization. Antimicrobial therapy consisted of both antibiotics
and antifungals but did not include selective decontamination of
the digestive tract. Antibiotic susceptibility was defined as
reported by the local microbiology laboratories. When a sus-
ceptibility report was missing, the susceptibility was additionally
interpreted by a clinical microbiologist (ES) according to the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines18 (Supplementary Text S2, Supplemental
Digital Content 1, http://links.lww.com/SLA/E397). Multidrug-
resistant bacteria are described in Supplementary Text S3,
Supplemental Digital Content 1, http://links.lww.com/SLA/E397.
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Data Collection
Using a standardized case-record form, clinical data were

collected prospectively during the initial hospital admission, and
follow-up data was collected retrospectively. Data regarding
(indications for) antibiotics, clinical outcomes (ie, interventions,
organ failure, mortality, readmissions and length of hospital
stay) was collected from the date of admission until the last date
of data collection (January 2020) or death. If, at any time before
or during follow-up, a patient was transferred to another hos-
pital, all the required follow-up data was retrieved from that
institution. All data were collected by 1 author (H.C.T.) and
subsequently verified by a second author (F.v.d.B.). Discrep-
ancies were resolved by consensus during research meetings of
the Dutch Pancreatitis Study Group. All authors had access to
the study data and reviewed and approved the final manuscript.

Statistical Analysis
The timing and indication of all antimicrobial therapies

were reported as descriptive data. We separately assessed anti-
biotic use early in the disease (< 7 and <14 d after admission),
when it was less likely that patients had already developed
infected necrosis. Antibiotics and their susceptibility were
reported for patients in whom a pancreatic culture was obtained.
Microbiological pathogens and their characteristics obtained
from pancreatic cultures were described and compared.
Descriptive data was reported as a mean with SD when normally
distributed and as a median with interquartile ranges (P25-P75)
when not normally distributed. Categorical data was shown as
frequencies and percentages. When multivariate analyses were
not deemed possible, predefined as less than 40 events of the
outcome, univariate analyses were performed using Fisher exact

test or χ² test for categorical data and the Student t-test or the
Mann-Whitney U test for continuous data. To adjust for
potential confounding factors, generalized linear models were
constructed to explore the effect and duration of antibiotics on
microbiological findings and clinical outcomes. We also con-
structed generalized linear models to explore the association
between microbiological pathogens and clinical outcomes. The
variables included as covariates varied by the clinical outcome,
including variables that were considered to be associated with a
poor clinical course. The selection was based on clinical rea-
soning and was reported for each variable in Supplementary
Table S4, Supplemental Digital Content 1, http://links.lww.com/
SLA/E397. If applicable, we calculated odds ratios (OR) with
their respective 95%-confidence intervals (CI). A P value <0.05
was considered statistically significant. Statistical analysis was
performed using R (R version 3.6.1 (2019-07-05)).

RESULTS
Between 2010 and 2019, 1593 patients with acute pan-

creatitis across the 15 participating hospitals were registered in
the PWN-CORE registry and screened for eligibility. In total,
401 patients with necrotizing pancreatitis were included in the
present study (Fig. 1). Clinical characteristics are provided in
Table 1, and clinical outcomes and interventions are provided in
Table 2. The median follow-up was 46 months (P25-P75: 28-66).

Antibiotics were started in 321 patients (80%), after a
median of 5 days (P25-P75: 1-13) following admission. At the start
of antibiotic treatment (ie, for all indications), 221 of the 321
patients (69%) did not have a proven infection. Of these patients,
154/221 (70%) eventually developed an infection after a median of

FIGURE 1. Inclusion flowchart.
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10 (IQR 3–29) days following the start of antibiotics. Infected
necrosis was the most common first proven infection following
initiation of antibiotics (n= 92, 60%). In 251 of 321 patients (63%),
antibiotics were started within 14 days following admission, with
no proven infection in 178 (71%) patients. In those first 14 days,
pneumonia was the most common proven infection (n= 21, 30%).
The median duration of antibiotic use was 27 days (P25-P75: 15-
48). Indications at the different time points for starting antibiotics
in the disease course are given in Table 3.

Antifungals were started in 74 of 401 patients (23%) after a
median of 33 days (P25-P75: 19-51), 8 of the 74 (11%) had no proven

fungal infection. In the 66 (89%) patients with a proven fungal
infection, antifungals were most often started for a yeast-positive
pancreatic culture (n=47, 71%). The median duration of anti-
fungals was 15 days (P25-P75: 7-24). Information on Clostridioides
difficile is provided in Supplementary Text S5, Supplemental Digital
Content 1, http://links.lww.com/SLA/E397.

Infected Necrosis and Antimicrobial Therapy
Overall, in 260 of 401 patients (65%), antimicrobial therapy

was administered for either suspected or proven infected necrosis
after a median of 17 days (P25-P75: 8-29) following admission.
Meropenem was the most prescribed antibiotic (n= 76, 29%),
followed by cefuroxime (n= 43, 17%) (Table S6, Supplemental
Digital Content 1, http://links.lww.com/SLA/E397). Infected
necrosis was proven in 198 of 401 patients (49%) after a median of
29 days (P25-P75: 19-47). In 179 of the 198 (90%) patients, anti-
biotics were started for a median duration of 11 days (P25-P75:
6-19) at a median of 20 days (P25-P75: 9-39) before confirmation

TABLE 1. Clinical Characteristics in 401 Patients with
Necrotizing Pancreatitis

Overall N= 401, n (%)

Age (y) 59 (48–69)
Male sex 244 (61)
Etiology

Biliary 187 (47)
Alcohol 61 (15)
Post-ERCP 43 (11)
Idiopathic 64 (16)
Other 46 (11)

Medical history
Cardiovascular 174 (43)
Pulmonary 53 (13)
Chronic renal 17 (4)
Diabetes mellitus 47 (12)

ASA*
1 133 (33)
2 176 (44)
3 78 (20)
4 4 (1)

Smoking, yes† 83 (21)
Alcohol use‡ 192 (65)
BMI§ 28.3 (24.8–31.6)
Laboratory values∥

Leukocytes¶ (109/l) 17.8 (13.9–22.2)
CRP# (mg/l) 288 (191 – 352)

Imaging severity
CT severity index** 6 (4–8)
Parenchymal necrosis 172 (67)
Pattern parenchymal necrosis††
Right 4 (2)
Left 14 (8)
Central 78 (45)
Subtotal 27 (16)
Diffuse 47 (27)

Extent of necrosis‡‡
< 30% 91 (23)
30-50% 37 (9)
> 50% 43 (11)

Follow-up (m) 46 (28–66)

Data are presented as n (%) or median (interquartile range: P25-P75).
Missing patients:
*= 10.
†= 148.
‡= 107.
§= 263.
¶= 39.
∥Highest value within 48 hours after admission.
#= 37.
**= 146.
††= 144.
‡‡= 144.
ASA, American Society of Anesthesiologists; BMI, body mass index; CRP,

c-reactive protein; CT, computed tomography; ERCP, endoscopic retrograde
cholangiopancreatography; N, number.

TABLE 2. Pancreatic Interventions and Clinical Outcomes in
401 Patients With Necrotizing Pancreatitis

Overall N= 401,
n (%)

Clinical outcomes
Death pancreatitis related 28 (7)
Hospital stay length, overall 44 (20–79)

Initial 23 (13–51)
Readmission 259 (65)

Length hospital stay readmission 20 (7–43)
Infected necrosis 198 (49)

Timing infected necrosis after admission 29 (19–47)
Gas configurations on CT 34 (14)
Positive pancreatic culture 111 (46)
Both gas configurations and positive
pancreatic culture

53 (22)

ICU-admission 157 (39)
Length of ICU-stay 12 (4–35)

Organ failure 124 (31)
Transient SOF 24 (21)
Persistent SOF 84 (72)
Transient MOF 14 (12%)
Persistent MOF 63 (54)

Extra pancreatic infections before IPN
or pancreatic intervention

Pneumonia 74 (18)
Urinary tract infection 73 (18)

Interventions
Pancreatic intervention or FNA 204 (51)

Percutaneous catheter drainage 119 (60)
No. PCD 3 (1–5)

Endoscopic transluminal drainage 121 (61)
No. of ETD 1 (1–1)

Necrosectomy 93 (47)
ETN 58 (29)
No. of ETN 2 (1–4)

Surgical necrosectomy 41 (21)
No. of SN 1 (1–2)

Need for additional intervention 150 (75)
Total number of pancreatic interventions for IPN 3 (2–5)

Data are presented as n (%) or median (interquartile range: P25-P75).
CT indicates computed tomography; ETD, endoscopic transluminal drainage;

ETN, endoscopic transluminal necrosectomy; FNA, fine needle aspiration; ICU,
intensive care unit; IPN, infected pancreatic necrosis; MOF, multiple organ failure;
PCD, percutaneous catheter drainage; SN, surgical necrosectomy; SOF, single
organ failure.
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of infected necrosis; 125 of the 179 (70%) patients received broad-
spectrum antibiotics. A total of 29 of 198 patients (15%) with
proven infected necrosis were treated with antibiotics alone and
did not undergo an invasive intervention.

An FNA or pancreatic intervention was performed in 204
patients (51%). A pancreatic culture was obtained in 176 of these
204 patients (86%). In 165 of the 204 patients (66%), the pan-
creatic culture was obtained during the initial intervention. Of
these, 128 (78%) received empirical antibiotics at the time of
culturing, and 102 of the 128 (80%) received antibiotics for more
than 24 hours before culturing (Supplementary Table S7, Sup-
plemental Digital Content 1, http://links.lww.com/SLA/E397).
In 62 of the 128 patients (48%), the micro-organisms were either
partially (n= 24, 39%) or completely unsusceptible (n= 38, 61%)
to the antibiotics that were started empirically. Broad-spectrum
antibiotics, as recommended in the current guidelines, were
administered in 55 of the 62 patients (89%). This was comparable
to the group of patients in which the micro-organisms were
susceptible to the antibiotics (n= 55 (78%); P= 0.96). Enter-
ococcus spp, specifically Enterococcus Faecium, was more often
found in patients in whom the micro-organisms were (partially)
unsusceptible (P= 0.03) (Table S8, Supplemental Digital Con-
tent 1, http://links.lww.com/SLA/E397). In these patients, anti-
biotics were adjusted according to the antibiotic susceptibility
profile for 53 patients (85%), with no adjustments made for the
remaining 9 patients (15%).

Micro-organisms Identified in Pancreatic Samples
An FNA was performed in 41 of 401 patients (10%), with

positive results in 31 of 41 patients (76%). A follow-up culture

was obtained from the first pancreatic intervention in 23 of 31
patients (74%), with similar micro-organisms identified as in the
FNA in 11 cultures (48%). Between FNA and the first pancreatic
intervention, 17 of the 23 patients (74%) received antimicrobial
therapy for a median of 13 days (P25-P75: 4 -17).

Overall, the culture was positive at least one time during
the study period in 164 of the 176 patients (93%) in whom a
pancreatic sample was obtained. In 147 of 176 patients (80%),
cultures were obtained within 24 hours after invasive pancreatic
intervention (Table S9, Supplemental Digital Content 1, http://
links.lww.com/SLA/E397). Cultures were polymicrobial in 75 of
146 patients (51%). Gram-negative bacteria were isolated in 91
of 146 patients (62%), with Escherichia coli most often reported
(n= 48, 33%). Gram-positive bacteria were isolated in 100
patients (68%), with E faecium (n= 47, 32%) most often
reported. Yeast were found in 30 patients (20%), with Candida
albicans (n= 22) most often reported. In 3 patients (2%), multi-
drug-resistant bacteria were found: ESBL-E (n= 2) and tobra-
mycin and ciprofloxacin-resistant Morganella spp (n= 1).

Additional pancreatic intervention was performed in 150
of the 204 patients (74%) after a median of 11 days (P25-P75:
6-18) following the first intervention. In 130 of these 150 patients
(87%), antimicrobial therapy was administered between the first
and second intervention for a median of 6 days (P25-P75: 3-10).
The reported micro-organisms in the cultures of the repeated
intervention are described in Supplementary Table S10, Sup-
plemental Digital Content 1, http://links.lww.com/SLA/E397. A
substantial increase in the presence of multidrug-resistant bac-
teria [most often ESBL (n= 5, 56%) and yeast was identified
(n= 9, 14%) and n= 17 (27%), respectively].

TABLE 3. Indications for Antimicrobial Therapy in 401 Patients with Necrotizing Pancreatitis

First AB N= 321
(80%), n (%)

First AB within 7 d after
Admission N= 197 (62%),

n (%)

First AB within 14 d after
Admission N= 251 (78%),

n (%)

AB before diagnosis infected
pancreatic necrosis N= 179

(91%), n (%)
First AF

N= 74 (23%)

No proven infection 221 (69) 148 (75) 178 (71) 129 (72) 8 (11)
Fever e.c.i. 68 (30) 61 (41) 64 (36) 41 (32) 0 (0)
Suspected infected

pancreatic necrosis
108 (48) 46 (31) 70 (39) 70 (54) 0 (0)

Suspected pneumonia 29 (13) 23 (16) 27 (15) 9 (7) 0 (0)
Suspected cholangitis 16 (7) 14 (9) 15 (8) 6 (5) 0 (0)
Suspected cholecystitis 1 (0.4) 1 (1) 1 (1) 1 (1) 0 (0)
Suspected urinary tract

infection
1 (0.4) 1 (1) 1 (1) 0 (0) 0 (0)

Prophylactic during
procedure

2 (1) 2 (1) 2 (1) 2 (2) 0 (0)

Broad coverage of
potential yeast

NA NA NA NA 8 (100)

Proven infection 100 (31) 49 (25) 73 (29) 50 (28) 66 (89)
Infected pancreatic

necrosis
24 (24) 4 (8) 9 (13) 11 (22) 47 (75)

Pneumonia 24 (25) 16 (33) 21 (30) 16 (32) 5 (8)
Cholangitis 13 (14) 12 (25) 12 (17) 4 (8) 0 (0)
Cholecystitis 3 (3) 3 (6) 3 (4) 2 (4) 0 (0)
Urinary tract infection 17 (18) 6 (12) 13 (18) 8 (16) 0 (0)
Other 19 (19)* 8 (8)† 8 (11)‡ 3 (6)§ 14 (17)∥

Data are presented as n (%), mean ( ± SD), or median (interquartile range: P25-P75).
Note: data were available for all 401 patients unless differently specified behind the characteristic:
*Other: phlebitis n= 4, parotitis n= 3, line infection n= 3, spleen abscess = 1, clostridium difficile infection n= 1, secondary peritonitis due to duodenal perforation n= 2,

gastric perforation n= 1, infected ascites n= 1, bacteremia e.c.i. n= 3.
†Other: phlebitis n= 2, parotitis n= 2, line infection n= 1, spleen abscess n= 1, secondary peritonitis due to duodenal perforation n= 1, gastric perforation n= 1.
‡Other: phlebitis n= 4, parotitis n= 3, line infection n= 2, spleen abscess n= 1, secondary peritonitis due to duodenal perforation n= 2, gastric perforation n= 1,

bacteremia e.c.i. n= 2.
§Other: phlebitis n= 3, parotitis n= 3, line infection n= 2, Clostridioides difficile n= 1.
∥Other: bacteremia n= 5, candida esophagitis n= 7, candida in sputum n= 5, line infection n= 2.
AB indicates antibacterial therapy; AF, antifungal therapy; N number.
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Clinical Associations of Antibiotics
and Micro-organisms

Univariate comparisons of clinical outcomes and interventions
are provided in Supplementary Table S11, Supplemental Digital
Content 1, http://links.lww.com/SLA/E397.

The duration of antibiotic therapy overall and before a
pancreatic culture was associated with the finding of Enter-
ococcus spp (adjusted OR 1.08 (95% CI 1.03-1.16; P= 0.01 and
adjusted OR 1.01 (95% CI 1.00-1.02; P= 0.04)). The finding of
Enterococcus spp in the first pancreatic culture was associated
with a higher rate of new or persistent organ failure (adjusted
OR 3.68 (95% CI 1.61-8.79; P< 0.01). Higher mortality rates
were associated with pancreatic infections with Enterococcus
spp, isolated in either the initial or repeat pancreatic culture
(adjusted OR 5.78 (95% CI 1.46-38.73; P= 0.03) and adjusted
OR 4.47 (95% CI 1.40 – 1.724; P= 0.02)). Covariates included in
the generalized linear models are provided in Supplementary
Table S4, Supplemental Digital Content 1, http://links.lww.com/
SLA/E397.

DISCUSSION
We found that antibiotics are started in a large proportion

of patients with necrotizing pancreatitis, often without a proven
infection. In patients with infected necrosis, half of the identified
micro-organisms were partially or not at all susceptible to the
empirically started antibiotics. The prolonged duration of anti-
biotics was associated with more Enterococcus spp as a cultured
pathogen, while the presence of Enterococcus spp in pancreatic
tissue was associated with increased organ failure and mortality.

In line with previous studies,10–13 antibiotics are still
widely and inconsistently administered early in the disease course
(80%) in contradiction to current guidelines.2–4 The drawback of
these studies is that they are either small and retrospective11,13 or
based solely on questionnaires rather than clinical data.10,12 In
addition, all the studies suffer from a lack of current data, with
the most recent data dating from 2013.12 Nevertheless, our
findings show that clinical practices regarding the administration
of antibiotics have not been improved since the early 2000s. This
continues overuse and misuse of antibiotics and the associated
avoidable, negative patient outcomes and underlines the
importance of bringing these findings to the forefront.

In a similar vein, antimicrobial therapy is not indicated for
SIRS without a proven infection (generally <14 d after the onset
of disease)1; however, three-quarters of the patients received
antimicrobial therapy within this time frame. This is presumably
influenced by the challenges to clinically distinguish between
SIRS and sepsis and the lack of knowledge regarding the timing
of infections in necrotizing pancreatitis. These challenges further
highlight the need for more accurate tools to accurately dis-
tinguish between inflammation and infection, which will inform
when to withhold antibiotic treatment.

In line with previous research, our study shows gastro-
intestinal microbiota, particularly E. faecium and E. coli,19

dominate the pancreatic cultures. Although carbapenems, spe-
cifically meropenem, were most frequently used as the empirical
antibiotic when infected necrosis was suspected, E. faecium –
which is intrinsically not susceptible to carbapenems – was 1 of
the most frequently isolated micro-organisms. Since Enter-
ococcus spp and fungi are generally not susceptible to the rec-
ommended empirical broad-spectrum antibiotics, it is likely that
there is ongoing migration of gastrointestinal micro-organisms
during antibiotic treatment. As a result, empirical therapy is
likely insufficient to treat those patients and therefore cannot be

treated with antibiotics alone. We also found an increased rate of
organ failure and mortality in patients infected with Enter-
ococcus spp, further underlining the potential benefit of targeted
antibiotic treatment. In comparative literature, enterococcal
bacteraemia was also associated with increased mortality
rates.20,21 One study found inappropriate antibiotic therapy to be
an independent risk factor for mortality in enterococcal
bacteraemia.22 However, these findings should be interpreted
with caution. Despite performing multivariate analyses, it
remains unclear whether prolonged antibiotic usage and sub-
sequently potential organ failure and mortality, can be prevented
in these complex patients. Furthermore, antibiotic selective
pressure may explain these results: prolonged treatment leads to
the selection of opportunistic pathogens such as Enterococcus
spp. Nevertheless, our findings suggest that for patients with
suspected infected necrosis, obtaining early, multiple, and repeat
cultures from pancreatic necrosis to adjust empirical anti-
microbial therapy should be considered instead of treating the
blind with a wide range of antibiotics. Furthermore, empirical
coverage of Enterococcus could play a potential role in antibiotic
stewardship and future research.

Based on the first culture, only half (50%) of patients
received adequate antimicrobial therapy. The lack of adequate
therapy can be explained by previous treatment with antibiotics
that treat the sensitive pathogens. Furthermore, it remains
unknown if every identified micro-organism is clinically relevant.
Since all patients underwent pancreatic intervention due to
clinical stagnation or clinical deterioration, it seems plausible
that the untreated pathogens are clinically relevant and therefore
should be treated.

Culture-based antimicrobial therapy could potentially
increase the number of patients who can be treated without
invasive interventions and reduce the severity of clinical out-
comes due to suboptimally treated micro-organisms. While we
found that 15% of the patients could be treated with antibiotics
alone, the POINTER trial showed that 35% of the patients in the
postponed drainage group could be treated with antibiotics
alone, without drainage.23 This difference could be explained by
the design and focus of the POINTER trial, in which all patients
with infected necrosis were closely prospectively monitored on a
daily basis and randomized when possible, compared with pro-
spectively monitoring once or twice a week in our cohort. In
daily clinical practice, however, it is common and according to
the guidelines to immediately schedule a drainage procedure in
case of infected necrosis. However, in the POINTER trial, the
effect of antibiotics was awaited, given the patients a chance to
recover before the drainage procedure. Furthermore, targeted
antibiotic therapy was started in a subset of patients based on
FNA. Routine FNA could be a potential solution to prevent
‘blind’ antibiotic treatment, an approach currently discouraged
by the guidelines.2 In our study, half of the patients’ FNA cul-
ture results differed from the subsequent culture following the
pancreatic intervention; this result may be explained either by
the growth of new micro-organisms under antimicrobial therapy
or by only a limited part of the collection sampled through FNA.
This emphasizes the importance of FNAs in multiple locations
of the collection and the importance of obtaining cultures during
each pancreatic intervention.

As compared with the current literature, the incidence of
multidrug-resistant bacteria in the first pancreatic tissue sample
was relatively low.24 This may be explained by the restrictive
antibiotic policies in the Netherlands. However, an increase in the
presence of multidrug-resistant bacteria and yeast was found in
repeat pancreatic cultures. This result is worrisome, particularly
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for countries with less restrictive antibiotic policies, as (1)
multidrug-resistant bacteria and yeast infections are associated
with prolonged hospitalization and poor prognosis25–31 and (2)
antibiotic resistance, the most commonly used antibiotics for
infected necrosis are gradually losing their effectiveness.8 If found
in the cultures, empirical fungal therapy and treatment of the yeast
should be potentially considered. Notably, the current national
guidelines only recommend consideration of empirical fungal
therapy in selected individual cases.32

The results of this study should be interpreted in light of
some limitations. Firstly, this is a post-hoc analysis of pro-
spectively collected data. Although all data has been carefully
collected and evaluated, a part of the data regarding anti-
microbial therapy was retrospectively collected from electronic
records. Secondly, the percentage of patients with infected
necrosis in our cohort was relatively high as compared with the
literature.33,34 This could be explained by our focus on several
prospective studies on invasive intervention in patients with
infected necrosis during the study period.14 Thirdly, data from
the Netherlands, a country with low antibiotic resistance may
not be fully generalizable to countries with higher levels of
antibiotic resistance.35 Strengths of this study include the fact
that this is the first multicenter study on the whole spectrum of
antimicrobial therapy and its clinical impact in a large sample
size of patients with acute necrotizing pancreatitis in recent real-
world clinical practice. Nevertheless, even in the Netherlands,
where care for pancreatitis patients is to a great extent centrally
organized within the Dutch Pancreatitis Study Group, there
remains meaningful opportunity to improve in the use of anti-
biotics. We can extrapolate that there is probably significant
potential to improve the use of antibiotics in many other
countries with similar healthcare organizations. As mentioned
earlier, this magnitude of the opportunity underlines the
importance to make the current guidelines and recommendations
regarding antibiotic use known to all of those who treat patients
with acute pancreatitis. This can be achieved via presentations at
national and international conferences and by implementing
stricter antibiotic policy regulations in hospitals (e.g., establish
one responsible department).

In conclusion, this study shows the current extensive use of
antibiotics in patients with acute necrotizing pancreatitis early in
the disease course, when infected necrosis rarely occurs. Half of the
patients with infected necrosis received inappropriate empiric
antimicrobial treatment. Our findings emphasize the need for clear
guidelines the use of antimicrobial resources and diagnostic testing
(i.e., FNA), with a potential role for empirical coverage of
Enterococcus and yeast infections guided by antibiotic steward-
ships. Furthermore, prospective observational studies and large,
pragmatic randomized trials are needed to define more clear
indications, timing, and duration of antibiotic treatment in patients
with both sterile and infected acute necrotizing pancreatitis.

ACKNOWLEDGMENTS
The authors thank Zachary Del Duca for reviewing the

manuscript for grammar and style.

REFERENCES
1. Schepers NJ, Bakker OJ, Besselink MG, et al. Impact of characteristics of

organfailure and infected necrosis on mortality in necrotising pancreatitis.
Gut. 2019;68:1044–1051.

2. Group W. APA/IAP. IAP/APA evidence-based guidelines for the manage-
ment of acute pancreatitis. Pancreatology. 2013;13(4 Suppl. 2):1–15.

3. Arvanitakis M, Dumonceau JM, Albert J, et al. Endoscopic management
of acute necrotizing pancreatitis: European Society of Gastrointestinal
Endoscopy (ESGE) evidence-based multidisciplinary guidelines. Endos-
copy. 2018;50:524–546.

4. Baron TH, DiMaio CJ, Wang AY, et al. American Gastroenterological
Association clinical practice update: Management of pancreatic necrosis.
Gastroenterology. 2020;158:67–75.e1.

5. Adam U, Herms S, Werner U, et al. The penetration of ciprofloxacin into
human pancreatic and peripancreatic necroses in acute necrotizing
pancreatitis. Infection. 2001;29:326–331.

6. Bassi C, Pederzoli P, Vesentini S, et al. Behavior of antibiotics during
human necrotizing pancreatitis. Antimicrob Agents Chemother. 1994;38:
830–836.

7. Büchler M, Malfertheiner P, Frieß H, et al. Human pancreatic tissue
concentration of bactericidal antibiotics. Gastroenterology. 1992;103:
1902–1908.

8. Tian H, Chen L, Wu XD, et al. Infectious complications in severe acute
pancreatitis: pathogens, drug resistance, and status of nosocomial
infection in a university-affiliated teaching hospital. Dig Dis Sci.
2020;65:2079–2088.

9. Murray CJ, Ikuta KS, Sharara F, et al. Global burden of bacterial
antimicrobial resistance in 2019:a systematic analysis. Lancet. 2022;399:
629–655.

10. Baltatzis M, Jegatheeswaran S, O’Reilly DA, et al. Antibiotic use in acute
pancreatitis: Global overview of compliance with international guide-
lines. Pancreatology. 2016;16:189–193.

11. Murata A, Matsuda S, Mayumi T, et al. A descriptive study
evaluating the circumstances of medical treatment for acute pancrea-
titis before publication of the new JPN guidelines based on the
Japanese administrative database associated with the Diagnosis
Procedure Combination system. J Hepatobiliary Pancreat Sci.
2011;18:678–683.

12. Talukdar R, Ingale P, Choudhury HP, et al. Antibiotic use in acute
pancreatitis:An Indian multicenter observational study. Indian J Gastro-
enterol. 2014;33:458–465.

13. Vlada AC, Schmit B, Perry A, et al. Failure to follow evidence-based best
practice guidelines in the treatment of severe acute pancreatitis. HPB.
2013;15:822–827.

14. van Brunschot S, van Grinsven J, van Santvoort HC, et al. Endoscopic or
surgical step-up approach for infected necrotising pancreatitis:a multi-
centre randomised trial. Lancet. 2018;391:51–58.

15. Schneider A, Löhr JM, Singer MV. The M-ANNHEIM classification of
chronic pancreatitis:introduction of a unifying classification system based
on a review of previous classifications of the disease. J Gastroenterol.
2007;42:101–119.

16. von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE) state-
ment:Guidelines for reporting observational studies. Int J Surg.
2014;12:1495–1499.

17. Banks PA, Bollen TL, Dervenis C, et al. Classification of acute
pancreatitis 2012: Revision of the Atlanta classification and definitions
by international consensus. Gut. 2013;62:102–111.

18. The European Committee on Antimicrobial Susceptibility Testing.
Breakpoint tables for interpretation of MICs and zone diameters.
Version11.0, 2021. http://www.eucast.org

19. Mowbray NG, Ben-Ismaeil B, Hammoda M, et al. The microbiology of
infected pancreatic necrosis. Hepatobiliary Pancreat Dis Int. 2018;17:
456–460.

20. Garrison RN, Fry DE, Berberich S, et al. Enterococcal bacteremia:
clinical implications and determinants of death. Ann Surg. 1982;196:
43–47.

21. Landry SL, Kaiser DL, Wenzel RP. Hospital stay and mortality
attributed to nosocomial enterococcal bacteremia:a controlled study.
Am J Infect Control. 1989;17:323–329.

22. Suppli M, Aabenhus R, Harboe ZB, et al. Mortality in enterococcal
bloodstream infections increases with inappropriate antimicrobial ther-
apy. Clin Microbiol Infect. 2011;17:1078–1083.

23. Boxhoorn L, van Dijk SM, van Grinsven J, et al. Immediate versus
Postponed Intervention for Infected Necrotizing Pancreatitis. N Engl J
Med. 2021;385:1372–1381.

24. Lu JD, Cao F, Ding YX, et al. Timing, distribution, and microbiology of
infectious complications after necrotizing pancreatitis. World J Gastro-
enterol. 2019;25:5162–5173.

Timmerhuis et al Annals of Surgery � Volume 278, Number 4, October 2023

e818 | www.annalsofsurgery.com Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

D
ow

nloaded from
 http://journals.lw

w
.com

/annalsofsurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 12/06/2023

http://www.eucast.org


25. Jain S, Mahapatra SJ, Gupta S, et al. Infected pancreatic necrosis due to
multidrug-resistant organisms and persistent organ failure predict
mortality in acute pancreatitis. Clin Transl Gastroenterol. 2018;9.

26. Moka P, Goswami P, Kapil A, et al. Impact of antibiotic-resistant
bacterial and fungal infections in outcome of acute pancreatitis. Pancreas.
2018;47:489–494.

27. Besselink MG, Van Santvoort HC, Boermeester MA, et al. Timing
and impact of infections in acute pancreatitis. Br J Surg. 2009;96:
267–273.

28. Schmidt PN, Roug S, Hansen EF, et al. Spectrum of microorganisms in
infected walled-off pancreatic necrosis: impact on organ failure and
mortality. Pancreatology. 2014;14:444–449.

29. Shen D, Wang D, Ning C, et al. Prognostic factors of critical acute
pancreatitis: A prospective cohort study. Dig Liver Dis. 2019;51:1580–1585.

30. Kochhar R, Noor MT, Wig J. Fungal infections in severe acute
pancreatitis. J Gastroenterol Hepatol. 2011;26:952–959.

31. Trikudanathan G, Navaneethan U, Vege SS. Intra-abdominal fungal
infections complicating acute pancreatitis: a review. Am J Gastroenterol.
2011;106:1188–1192.

32. SWAB Guidelines for the Management of Invasive Fungal Infections.
Accessed February 17, 2022. https://swab.nl/en/invasive-fungal-infections-
general-information

33. Schneider L, Büchler MW, Werner J. Acute Pancreatitis with an
Emphasis on Infection. Infect Dis Clin North Am. 2010;24:921–941.

34. Parenti DM, Steinberg W, Kang P. Infectious causes of acute
pancreatitis. Pancreas. 1996;13:356–371.

35. Rijksinstituut voor Volksgezondheid en Milieu RIVM. NethMap 2020:
Consumption of Antimicrobial Agents and Antimicrobial Resistance
among Medically Important Bacteria in the Netherlandsin 2019/
MARAN2020:Monitoring of Antimicrobial Resistance and Antibiotic
Usage in Animals in the Netherlands in 2019;2020. doi:10.21945/RIVM-
2020-0065

Annals of Surgery � Volume 278, Number 4, October 2023 Antibiotics in Necrotizing Pancreatitis

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | e819

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

D
ow

nloaded from
 http://journals.lw

w
.com

/annalsofsurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 12/06/2023

https://swab.nl/en/invasive-fungal-infections-general-information
https://swab.nl/en/invasive-fungal-infections-general-information

