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a b s t r a c t 

Background: Acute pancreatitis (AP) continues to cause significant morbidity and mortality, especially 

when it leads to infected pancreatic necrosis (IPN). Modern treatment of IPN frequently involves pro- 

longed courses of antibiotics in combination with minimally invasive therapies. This study aimed to 

update the existing evidence base by identifying the pathogens causing IPN and therefore aid future 

selection of empirical antibiotics. 

Methods: Clinical data, including microbiology results, of consecutive patients with IPN undergoing 

minimally invasive necrosectomy at our institution between January 2009 and July 2016 were retrospec- 

tively reviewed. 

Results: The results of 40 patients (22 males and 18 females, median age 60 years) with IPN were re- 

viewed. The etiology of AP was gallstones, alcohol, dyslipidemia and unknown in 31, 2, 2 and 5 patients, 

respectively. The most frequently identified microbes in microbiology cultures were Enterococcus faecalis 

and faecium (22.5% and 20.0%) and Escherichia coli (20.0%). In 19 cases the cultures grew multiple organ- 

isms. The antibiotics with the least resistance amongst the microbiota were teicoplanin (5.0%), linezolid 

(5.6%), ertapenem (6.5%), and meropenem (7.4%). 

Conclusion: The carbapenem antibiotics, ertapenem and meropenem provide good antimicrobial cover 

against the common, mainly enteral, microorganisms causing IPN. Culture and sensitivity results of ac- 

quired samples should be regularly reviewed to adjust prescribing and monitor for emergence of resis- 

tance. 

© 2018 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

The clinical course of acute pancreatitis (AP) varies in the ex-

treme. Whilst some patients require only simple analgesia and in-

vestigation of the cause, others develop multi-organ failure with

significant morbidity and mortality [1] . During the first 14 days of

the condition, mortality is most often the result of a systemic in-

flammatory response and tends not to involve microbial infections.

Thereafter, mortalities are mostly associated with infective compli-

cations including infected pancreatic necrosis (IPN) [2] . This occurs

in only 6% of cases of AP but can result in 32% −50% mortality [1,3] .

Current management of IPN takes a much more conservative

approach than the previously favored laparotomy and open de-

bridement. Guidelines currently recommend a step-wise approach

to treatment utilizing antibiotics, endoscopic or percutaneous
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E-mail address: ngmowbray@doctors.org.uk (N.G. Mowbray). 

s  

i  

p  

d  

https://doi.org/10.1016/j.hbpd.2018.08.007 

1499-3872/© 2018 First Affiliated Hospital, Zhejiang University School of Medicine in Chin
rainage, minimal access debridement and thus reserve open

urgery as the last resort [4] . This strategy involves diligent an-

ibiotic usage, initially empirically but subsequently targeted to

he antimicrobial sensitivity results [5] . In order to guide initial

ntimicrobial therapies, we aimed to identify the prevalent mi-

roorganisms causing IPN at our institution, and their antimicrobial

ensitivity profiles. We have analyzed our results in the context of

he existing literature to enhance current management strategies. 

ethods 

We retrospectively analyzed the patients with IPN treated in

ur tertiary institution. The precipitating episode of AP was treated

n line with the British Society of Gastroenterology guidelines [6] .

ntibiotics were initiated if there were clinical or biochemical

igns of sepsis, or radiographic evidence of IPN. This was predom-

nantly piperacillin/tazobactam in line with the hospital antibiotic

olicy. Routine fine needle aspiration of pancreatic necrosis for

iagnostic purposes was not undertaken at our institution. IPN
a. Published by Elsevier B.V. All rights reserved. 
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Table 1 

Micro-organisms identified from IPN. 

Microbes Frequency isolated (%) Frequency associated with a poly-microbial culture (%) 

Enterococcus faecalis 9 (22.5) 8 (88.9) 

Enterococcus faecium 8 (20.0) 3 (37.5) 

E. coli 8 (20.0) 4 (50.0) 

Pseudomonas aeruginosa 5 (12.5) 4 (80.0) 

Coagulase negative staphylococcus 5 (12.5) 3 (60.0) 

Anaerobes 5 (12.5) 5 (100.0) 

Enterobacter spp. 4 (10.0) 3 (75.0) 

Coliform 3 (7.5) 2 (66.7) 

Staphylococcus epidermis 3 (7.5) 2 (66.7) 

Staphylococcus aureus 3 (7.5) 1 (33.3) 

Viridans group streptococci 2 (5.0) 2 (100.0) 

Morganella morganii 2 (5.0) 1 (50.0) 

Enterococcus spp. 2 (5.0) 1 (50.0) 

Klebsiella oxytoca 2 (5.0) 2 (100.0) 

Klebsiella pneumoniae 2 (5.0) 2 (100.0) 

Proteus mirabilis 1 (2.5) 1 (100.0) 

Serratia marcescens 1 (2.5) 1 (100.0) 

Staphylococcus haemolyticus 1 (2.5) 1 (100.0) 
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Table 2 

The top 5 antibiotics with the most and the least microbial 

resistance. 

Antibiotic Resistance against all microbes (%) 

Top 5 antibiotics with the most microbial resistance 

Ampicillin 92.3 

Erythromycin 82.4 

Amoxicillin 75.0 

Clarithromycin 68.4 

Flucloxacillin 62.5 

Top 5 antibiotics with the least microbial resistance 

Vancomycin 8.3 

Meropenem 7.4 

Ertapenem 6.3 

Linezolid 5.6 

Teicoplanin 5.0 
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as diagnosed according to the revised Atlanta guidelines, by

he presence of extra-luminal, peri-pancreatic air with associated

ypo-perfusion of the pancreas on contrast enhanced computed

omography (CT) [7] . 

In accordance with current consensus, radiologically guided

ercutaneous drainage of collections was withheld until at least 4

eeks after the initial attack of pancreatitis unless there was evi-

ence of worsening sepsis or IPN [4] . Samples from this drain were

ent for microbiological analysis, however, the main purpose of

his drainage was to facilitate minimal access retroperitoneal pan-

reatic necrosectomy (MARPN). MARPN is a technique carried out

nder a general anesthetic to debride devitalised, infected pancre-

tic tissue through the radiologically placed, left flank drain chan-

el only. The two surgeons performing the technique in our unit

sed a standardized method with a rigid cystoscope and optical

iopsy forceps. MARPN can be repeated multiple times until only

ealthy tissue remains. Tissue samples removed during the proce-

ure were processed by the microbiology department, according to

he laboratory standard operating procedures. Antibiotic regimens

ere regularly reviewed and updated in light of any results from

icrobiology sample analysis. 

All patients undergoing MARPN between 1 January 2009 and

1 July 2016 at our institution were included in this study. Elec-

ronic hospital and pathology records were interrogated to iden-

ify the relevant microbiology samples from the first MARPN pro-

edure, and to detail the episode of AP. This included the etiology

f AP and also any empirical antibiotic usage. This study excluded

atients who had open pancreatic debridement for bleeding, per-

orated viscous or those without features of IPN on CT. 

esults 

In total, our tertiary unit managed 110 patients with compli-

ated severe necrotizing pancreatitis during the study period. This

ncluded 5 patients who underwent open surgery directly, 62 pa-

ients treated using percutaneous drainage alone and 43 patients

nderwent MARPN for suspected IPN. Of these 43 patients, 3 had

egative tissue cultures and hence they were excluded from the

nalysis. The resulting 22 male patients and 18 female patients had

 median age of 60 years (22–82 years). The commonest cause of

P was gallstones (77.5%) with alcohol and dyslipidemia causing 2

ases (5.0%) each. The etiology was undetermined in 5 patients, of

hich 2 suffered inpatient mortality and hence had not yet under-

one complete investigation. Overall, 15 patients died (37.5%) as a

esult of the complications of AP, and they had a median survival

f 106 days (range 29–217). The median time from the onset of AP
o a diagnosis of IPN was 24 days (range 6–93), and from AP to

adiological drainage was 29 days (range 9–95). Antibiotics given

rior to MARPN included: 15 patients received meropenem, 11

iperacillin/tazobactam, 5 gentamicin, 4 imipenem, 4 teicoplanin

nd 1 co-amoxiclav. Antimicrobial combination therapy was com-

on with 6 patients also received vancomycin, 5 metronidazole

nd 3 flucloxacillin. The antibiotics were also prescribed with the

nti-fungal, fluconazole in 21 patients. 

The micro-organisms identified from IPN culture samples are

isplayed in Table 1 . Poly-microbial cultures were seen in 19 cases.

ll cultures were obtained from tissue samples except 2 patients

s no tissue samples were received for analysis. In these cases,

he microbiological findings from the initial percutaneous aspirate

ere used instead. Antibiotics with the most and the least micro-

ial resistance are summarised in Table 2 . Other frequently used

ntibiotics included amoxicillin/clavulanic acid (resistance seen 

n 60.0% of cultures tested), gentamicin (30.0%) and ciprofloxacin

26.3%). 

iscussion 

AP is an inflammatory condition with multiple etiologies;

lcohol and gallstones are the most common in this series and

thers [6] . It is likely that all cases of AP share a common intra-

ellular pathway that, once initiated, leads to activated pancreatic

nzymes causing auto digestion and cell apoptosis within the

ancreas [8] . Damage to the pancreatic ducts can exacerbate this

ituation and result in local fluid collections. Both the devitalized,

ecrotic pancreatic tissue and the peri-pancreatic fluid collections

an act as a focus for infection with microbes migrating via
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hematogenous or lymphatic routes, or by ascension through the

gastrointestinal tract. The disruption of the normal gut barrier is

thought to be the major source of bacteria in AP and the greater

the extent of pancreatic necrosis, the higher the prevalence of

IPN [9–12] . 

A systematic search of the literature using Embase and MED-

LINE databases, revealed a small number of studies that have pre-

viously documented the microbial spectrum seen in IPN [13–20] .

The results of these studies are displayed in parallel with the re-

sults from our study in Table 3 . All the studies indicate a high

frequency of poly-microbial infections with an overall predom-

inance of Enterococci, staphylococci and Escherichia coli bacteria.

Conversely, proteus and pseudomonas species were identified rela-

tively infrequently. It should be noted that the data collection of

these studies spans a large time period (1976–2016) and there-

fore results are susceptible to the effects of changing clinical prac-

tice and antibiotic usage [21] . The international distribution of the

studies could also alter the etiology of AP and the prevalent mi-

crobiota. It makes the generalization of these previous results to

current, local populations debatable and illustrates the importance

of up to date research. 

The results of our study clearly show a predominance of gas-

trointestinal flora in line with previous studies. The spectrum of

bacteria supports the model of endogenous spread of microbes into

necrotic pancreatic tissue and we have also demonstrated the poly-

microbial nature of IPN [13–20] . We recognize that these results,

whist expected, may have been affected by confounding factors in

a relatively small cohort study. One should ideally take into con-

sideration factors such as the location of the necrosis (head or tail

of pancreas), the etiology of AP, the use of enteral feeding, bil-

iary instrumentation (cholecystectomy or ERCP) and recent broad

spectrum antibiotic usage. The current study was not with large

enough sample size to draw any conclusions regarding these vari-

ables and unfortunately there is also a paucity of evidence in the

literature. A Finnish study did explore the effects of etiology and

highlighted that IPN occurred more frequently in patients with

biliary pancreatitis (17/23) than alcoholic pancreatitis (15/47), but

found the commonest microbes remained E. coli, staphylococci and

Candida species in both groups [22] . 

The retrospective nature of our study results in some limita-

tions. Controlling for antibiotic exposure is very difficult, especially

when accepting patients from peripheral hospitals. There was also

a reliance upon the available historical pathology department re-

ports and they did not always include a comprehensive list of

antibiotic results for every pathogen. This inter-sample variation

could manifest as an under estimation of sensitivity and resistance

rates. However, the recorded results are likely to be the strongest

results and thus likely to be most clinically relevant. 

A strength of our methodology was avoiding fine needle

aspiration and therefore decreasing the chances of iatrogenic

contamination. About 15% of our cohort had sterile aspirates on

initial aspiration and subsequently had positive tissue cultures at

MARPN. This could represent sampling error or simply that the

sample was taken early in the disease course. A study by Besselink

et al. [23] has shown that there is an increased risk of developing

IPN in pancreatic necrosis following the prolongation of a percu-

taneous catheter is in-situ . This is unlikely to have influenced our

data as, on further analysis, the median time from percutaneous

drainage to MARPN was only 4 days in our study. 

Carbapenem antibiotics, specifically meropenem and er-

tapenem, were the most efficacious in our study. The low rate

of resistance to them is interesting considering 37.5% of patients

received meropenem empirically. Antibiotic resistance is a concern

in this patient group given both the prolonged treatment courses

involved, and the poly-microbial flora present. Gloor et al. [24]

identified 21% of IPN had microbial resistance to the previously
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sed prophylactic antibiotics prescribed after the diagnosis of pan-

reatic necrosis (14 day course of imipenem/cilastatine). Similar to

ur data, a study by Maravi-Poma et al. [25] found imipenem had

esistance in 32% of the microbes causing pancreatic infections.

iprofloxacin has become notorious for its resistance and whilst

ot an issue in our cohort, its use is associated with an increase

n ciprofloxacin resistance in both intra- and extra-pancreatic

nfections [26] . 

Antibiotic choice needs to be based on the in vitro antimicrobial

ensitivity results, but also take into consideration bioavailability

n vivo . Pancreatic necrosis, by definition has no vascular supply

nd as such antimicrobial penetration is expected to be minimal.

owever, a number of studies have disproved this detecting

ignificant level of antibiotics in samples of necrotic pancreatic

issue, namely, piperacillin/tazobactam, metronidazole, imipenem, 

iprofloxacin and olfoxacin [27–29] . The broad bactericidal effects

f ertapenem against common intra-abdominal pathogens justify

ts use in IPN with the added advantage of once daily dosing [30] . 

Multiple meta-analyses have moved the debate on from giving

rophylactic antibiotics to all cases of AP, but they seem to sug-

est that their use in necrotizing pancreatitis can decrease pan-

reatic infection rate and the length of hospital stay [31,32] . A

ochrane review concluded that in its patient group, prophylactic

mipenem in cases of pancreatic necrosis decreased IPN rate but

id not change overall mortality rate [33] . 

A final consideration in patients with IPN should be the

revalence of simultaneous fungal infection. Critically unwell

atients and patients on long-term antibiotics, are prone to

ungal infections and in patients with IPN this is approximately

4% [19,24,34] . The true significance of this is disputed as the

tudy by Gloor et al. [24] did not find any correlation with mortal-

ty. It is our current practice to prescribe fluconazole as it has been

hown to achieve an effective concentration in pancreatic tissue

nd there is evidence to suggest a reduction in invasive fungal

nfections [35,36] . 

In conclusion, current management strategies for the treatment

f IPN rely on appropriate antibiotics. 

Microbiology results from our cohort of patients suggest that

he main pathogens in IPN are Enterococci spp. and Escherichia.

oli . Given the sensitivity profiles observed, and the individual

ntibiotic characteristics, the most appropriate empirical antibiotic

reatment is meropenem. There should be regular collaboration

etween surgical, critical care and microbiology teams. This would

nsure that antibiotic regimens cover local microbial and antimi-

robial sensitivity profiles and that they react to new information. 
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