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Introduction

Acute pancreatitis is a condition involving acute
inflammation of the pancreas that results in con-
siderable morbidity and 1040 % mortality [1].
There are two major forms of acute pancreatitis:
interstitial (about 80 % of cases) and necrotizing
(about 20 %). Acute necrotizing pancreatitis usu-
ally runs a severe course and can be sterile or
infected. Although patients with sterile pancre-
atic necrosis may have a severe course and die,
infection of the nonviable necrotic pancreatic tis-
sue usually portends a worse prognosis. Previous
studies have shown that the extent and infection
of pancreatic necrosis correlate with the develop-
ment of organ failure and mortality in acute pan-
creatitis [2, 3]. The incidence of infected
pancreatic necrosis (IPN) in patients with necro-
tizing pancreatitis has remained stable (around
30 %) during the last two decades [4, 5]. The
peak incidence of infected necrosis is between 2
and 4 weeks after onset of disease [6] and is the
cause of most of the late mortality during the
course of acute pancreatitis [7].
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In addition to IPN, patients with acute
pancreatitis may have extra pancreatic infectious
complications such as pneumonia, cholangitis,
bacteremia, and urinary tract infections that are
often hospital-acquired. The early course of
severe acute pancreatitis (SAP) may present with
signs of systemic inflammatory response syn-
drome (SIRS): fever, leukocytosis, tachycardia,
tachypnea and may be indistinguishable from
infectious complications of pancreatitis or sepsis
syndrome.

Given the poor prognosis of IPN, it would be
helpful to be able to prevent it. Whether antibiot-
ics can prevent IPN and can thus improve patient
survival is controversial. In this chapter, we
review the studies that have investigated which
antibiotics penetrate sufficiently well into pan-
creatic necrosis and whether antibiotic treatment
in patients with sterile and IPN is of clinical
benefit.

Diagnosis of Infected Necrosis

The gold standard for the differentiation between
interstitial pancreatitis and necrotizing pancreati-
tis remains contrast-enhanced computed tomog-
raphy (CECT). See also Chap. 3. However,
CECT is not always a helpful tool for diagnosing
infection. Infected necrosis is typically suspected
when there is persistent sepsis, new-onset sepsis,
or progressive clinical deterioration (i.e., signs of
sepsis) despite maximal support in the second
phase of the disease, without another source of

115

DOI 10.1007/978-1-4939-0971-1_9, © Springer Science+Business Media New York 2015


http://dx.doi.org/10.1007/978-1-4939-0971-1_3
mailto:agelrud@uchicago.edu

116

W. Leung and A. Gelrud

Fig.9.1 A 67-year-old man admitted to the hospital with
biliary pancreatitis. (a) Abdominal CT scan 2 weeks after
presentation, based on pancreatic fluid collection a naso-
jejunal feeding tube was placed for enteral feeding. (b)
Four weeks after initiation of jejunal feeding, patient

infection. A pathognomonic sign of infected
necrosis is the presence of peripancreatic or
intrapancreatic gas bubbles in a collection on
CECT (Fig. 9.1), although this is present in only
a minority of patients. Otherwise, there is no spe-
cific feature on CECT that is able to distinguish
between infected or sterile necrosis. The gold
standard for the detection of IPN is ultrasound-
guided or CT-guided percutaneous aspiration of
suspected pancreatic fluid collections with bacte-
riologic sampling (gram stain and cultures with
sensitivity). The utility of this technique will be
discussed later in this chapter.

Epidemiology

The microbial pathogens that cause IPN in
necrotizing pancreatitis are predominantly
gut-derived, including  Escherichia  coli,

Pseudomonas, Klebsiella, and Enterococcus.
Approximately 75 % of infections are monomi-
crobial. Fungal infection and infection with
gram-positive organisms are uncommon but
occur more frequently in the setting of prophy-
lactic antibiotic use for SAP, especially when
used for more than 10-14 days. The incidence of
fungal infections in necrotizing pancreatitis is
approximately 9 %, and it is not clear if this is
associated with higher mortality [8].

called complaining of fever and diaphoresis for the past 2
days. Repeat CT scan revealed decreased size of the col-
lection with extensive air bubbles (arrows). The patient
was started on antibiotics and laparoscopically debrided

Pathogenesis

Various theories have been proposed as to how
pancreatic necrosis becomes infected. First, previ-
ous studies in SAP have shown gut mucosal
defenses against bacterial translocation become
impaired [9, 10]. Second, disturbed gastrointestinal
motility may lead to bacterial overgrowth and fail-
ure of the structural mucosal barrier, which may
lead to increased gut permeability. These events
may result in the process of bacterial transloca-
tion—bacteria cross the gastrointestinal mucosal
barrier and invade the systemic compartment [11,
12]. Bacterial translocation is thought to be the
mechanism causing most infections in acute pan-
creatitis. Therefore, antibiotics aimed at preventing
bacterial translocation and subsequent infections
have been widely studied over the last two decades.

Pancreatic Penetration
of Antibiotics

Because of the consistency of pancreatic necrosis,
few antibiotics are able to penetrate the dead pan-
creatic tissue when given intravenously. However,
antibiotics that effectively penetrate viable but not
necrotic pancreatic tissue may at least achieve high
microbicidal levels in adjacent tissues [13-15].
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In addition, high circulating levels may also
prevent infection via hematogenous and lym-
phatic routes [16]. Whether there is a benefit to a
specific class of antibiotics has been extensively
studied. Multiple studies have evaluated the pen-
etration of antibiotics in the human pancreas with
variable results [17-29]. Most studies utilized a
parenteral route of antibiotic administration,
which seems appropriate for a patient with acute
pancreatitis. Eight studies measured the presence
and concentration of the antibiotic in pancreatic
secretions, obtained either on endoscopic retro-
grade cholangiopancreatography (ERCP) or after
stimulation via a pancreatic fistula [17-23]. In the
remaining studies, antibiotic concentrations were
measured in pseudocysts [29] and pancreatic
tissue [28]. Tissue samples were obtained from
patients with different pancreatic diseases and dif-
ferent degrees of inflammation (acute pancreati-
tis, chronic pancreatitis, pancreatic carcinoma).
Human studies have shown that the antibiotic
concentration depends on the degree of inflamma-
tion, with higher levels in acute pancreatitis com-
pared with controls [26].

Based on these studies, it is possible to clas-
sify antibiotics into three groups with regard to
their efficacy in the pancreas: Group A, sub-
stances with low tissue concentrations that were
below the minimal inhibitory concentrations of
most bacteria found in pancreatic infection (ami-
noglycosidase, netilmicin, tobramycin); Group
B, antibiotics with pancreatic tissue concentra-
tions that were sufficient to inhibit some, but not
all, bacteria in pancreatic infection (mezclocillin,
piperacillin, ceftizoxime, cefotaxime); and Group
C, substances with high pancreatic tissue levels,
as well as high bactericidal activity against most
of the organisms present in pancreatic infection
(ciprofloxacin, ofloxacin, imipenem-cilastatin).

Preventing Infection

in Sterile Necrosis

Experimental Studies

Various experimental studies using different

animal models have investigated the effect of
prophylactic antibiotics for the prevention of
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pancreatic infection in acute pancreatitis. Using a
perfusion model in cats, Widdison et al. [30]
studied the effect of cefotaxime, administered
12 h after the induction of acute experimental
pancreatitis. Their group found cefotaxime
reached bactericidal levels in pancreatic tissue
and juice and significantly prevented pancreatic
infection. The effect of piperacillin given imme-
diately after experimentally induced acute pan-
creatitis in rats was studied by Araida et al. [31]
and found a positive effect both on the infection
and survival rate. The effect of intravenously
administered cefotaxime and imipenem plus the
effect of complete gut decontamination in a duct
hyperstimulation model in the rat was studied by
Foitzik et al. [32]. Neither treatment had a posi-
tive effect on survival. Pancreatic bacterial
counts, on the other hand, were significantly
reduced by imipenem, but not by cefotaxime.
A study from the same group [37] and identi-
cal model investigated the effect of imipenem
and ciprofloxacin but increased the antibiotic
treatment from 4 to 7 days. An increased survival
rate was observed in this study possibly related
to increased duration of therapy. Both antibiot-
ics reduced early and late septic pancreatic
complications.

Human Studies

Over the years, there has been controversy sur-
rounding the use of antibiotics in pancreatic
necrosis. Three randomized studies were pub-
lished in the 1970s, in which ampicillin or a pla-
cebo was given to less than 200 patients who had
acute pancreatitis (only 1 patient died and 26 had
infectious complications) [33-35]. All studies
showed ampicillin had no beneficial effect on the
clinical course of the disease [33-35]. For many
years, this conclusion led to the impression that
antibiotic prophylaxis was of no benefit in pan-
creatitis. However, these studies had various lim-
itations. First, ampicillin has a modest activity
against Gram-negative microorganisms, which
are common in pancreatic infection. Second,
ampicillin achieves poor penetration in pancre-
atic tissue [36] and in pancreatic fluid [18]. Third,
the severity of acute pancreatitis in these studies
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was low [33-35],
statistical power [16].

Since the 1990s, there have been numerous
prospective, randomized trials that have evalu-
ated the use of prophylactic antibiotics in SAP.
Unfortunately, the design, methodological qual-
ity, and most importantly, outcome of the
included studies vary widely [37]. An attempt to
summarize these studies in a systematic review
(from 2006) concluded prophylactic antibiotics
decreased mortality in severe pancreatitis, but not
the rate of IPN [38].

However, more updated meta-analyses (from
2010) did not demonstrate a significant beneficial
effect of antibiotic prophylaxis (except when imi-
penem was used) on infection of pancreatic
necrosis and mortality [39, 40] with the number
needed to treat of 1,429 for one patient to benefit
[41]. It remains uncertain if a subgroup of patients
with SAP (such as extensive necrosis with organ
failure) may benefit from antibiotics, but large
studies with sufficient statistical power required
to determine whether any benefit exists will be
difficult to perform.

Based on the current literature, use of prophy-
lactic antibiotics to prevent infection in patients
with sterile necrosis (even predicted as having
severe disease) is not recommended. In addition,
current guidelines do not recommend routine
antibiotic prophylaxis [42, 43]. Overall, there has
been a decrease in incidence of infected necrosis
among patients even in the placebo arms of trials
(15-20 % of cases with necrosis), consistent with
findings from contemporary cohort studies [44].
Further casting doubt on the benefit of prophylac-
tic antibiotics is recognition that it can be associ-
ated with the selection of resistant organisms and
the development of fungal infection [45-47].

resulting in insufficient

Prevention of Fungal Infections

Prevention of fungal infections in patients with
sterile pancreatic necrosis is also not recom-
mended. Although it was suggested that fungal
infection may be a more common cause of mor-
tality in acute pancreatitis, further study has not
confirmed this finding [48]. It is unclear if the
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mere presence of candida within pancreatic
necrosis indicates only colonization. Furthermore,
candida infection may go unrecognized and
untreated due to false negative microbiological
sampling.

Gut Decontamination and Probiotics

There is one successful randomized controlled,
clinical trial that used selective decontamination
of the bowel, targeting both bacteria and fungi, in
order to prevent infected necrosis [49]. Because
of the decreased morbidity and mortality in this
trial in patients with SAP who had undergone
selective decontamination, further study in this
area is needed. With regard to probiotics, they
should not be given in SAP. Although earlier tri-
als suggested a benefit, a very well-conducted,
randomized controlled clinical trial demonstrated
increased mortality [50]. This lack of benefit has
also been shown in a recent meta-analysis [51].

Antimicrobial Therapy
in Infected Necrosis

Rather than preventing infection, the role of anti-
biotics in patients with necrotizing pancreatitis is
now to treat established infected necrosis, or to
treat other hospital-acquired infections in these
often critically ill patients. The dogma that IPN
requires prompt surgical debridement has also
been challenged by multiple reports and case
series showing that antibiotics alone can lead to
resolution of infection and, in select patients,
avoid surgery altogether [52-55]. A study by
Garg et al. reported 47/80 patients with infected
necrosis over a 10-year period who were success-
fully treated conservatively with antibiotics alone
[55]. The mortality in the conservative group was
23 % as compared with 54 % in the surgical
group. The same group published a meta-analysis
of eight studies involving 409 patients with
infected necrosis of whom 324 were successfully
treated with antibiotics alone [56]. Overall, 64 %
of the patients with infected necrosis in this
meta-analysis could be managed by conservative
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antibiotic treatment with 12 % mortality, and
only 26 % underwent surgery. Thus, a select
group of relatively stable patients with IPN can
be managed by antibiotics alone, without requir-
ing percutaneous drainage. However, it should be
cautioned that these patients require close super-
vision and percutaneous or endoscopic necrosec-
tomy should be considered if the patient fails to
improve or deteriorates clinically. We suggest
using imipenem or meropenem for patients with
suspected infected necrosis based on their high
pancreatic tissue levels and bactericidal activity
against most of the organisms present in pancre-
atic infection. Whenever clinically feasible,
radiological, endoscopic, and surgical interven-
tions for infected necrosis are postponed until
there is sufficient encapsulation and demarcation
of the infected peripancreatic or pancreatic col-
lections, generally 4 weeks after onset of symp-
toms [57]. A discussion of these interventions is
given in other chapters.

Role of CT-Guided FNA

The technique of computed tomography-guided
fine needle aspiration (CT FNA) has proven to be
safe, effective, and accurate in distinguishing
infected and sterile necrosis [43, 58]. As patients
with either infected necrosis or sterile necrosis
may present similarly with leukocytosis, fever,
and organ failure [59], it is impossible to separate
these entities without needle aspiration.
Historically, the use of antibiotics is best estab-
lished in clinically proven pancreatic or extrapan-
creatic infection, and therefore CT FNA should
be considered when an infection is suspected. An
immediate review of the Gram stain will often
establish a diagnosis. However, it may be prudent
to begin antibiotics while awaiting microbiologic
confirmation. If culture reports are negative, the
antibiotics can be discontinued.

There is some controversy as to whether a CT
FNA is necessary in all patients. Although use of
CT FNA is recommended in some guidelines
[42] and complications such as bleeding and
exacerbation of acute pancreatitis are rare [60,
61], CT FNA is performed only in a minority of
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centers. To assess compliance with guidelines in
Germany, for example, only one third of senior
gastroenterologists said that they used the proce-
dure [62]. In addition, FNA is associated with a
risk of false-negative results, since a negative
fine-needle aspiration does not confidently
exclude infection [63]. Finally, in many patients,
the CT FNA does not influence the management
in patients with suspected infected necrosis [64].
Increased use of conservative management and
minimally invasive drainage has decreased the
use of FNA for the diagnosis of IPN [65]. Many
patients with sterile or infected necrosis either
improve quickly or become unstable, and deci-
sions on intervention via a minimally invasive
route will not be influenced by the results of the
aspiration. A consensus conference concluded
that FNA should only be used in select situations
where there is no clinical response to antibiotics,
such as when a fungal infection is suspected [65].

Therapy for Extrapancreatic
Infections

Extrapancreatic infections such as bloodstream
infections, pneumonia, and urinary tract infec-
tions occur in up to 20 % of patients with acute
pancreatitis and increase mortality twofold [57,
66]. If sepsis is suspected during the course of
pancreatitis, it is reasonable to start antibiotic
therapy while waiting for culture results. If cul-
ture results are negative, then antibiotics should
be discontinued to reduce the risk of fungemia, or
Clostridium difficile infection.

Conclusion

Management of infectious complications of SAP
remains complex and challenging despite major
advances in the field over the last two decades. In
summary, quinolones and carbapenems are the
antibiotics with optimal pancreatic tissue pene-
tration and bactericidal activity against most of
the organisms present in pancreatic infection.
With regard to prevention of infection of necro-
sis, routine antibiotic or probiotic prophylaxis is
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not recommended. In cases of suspected IPN or
sepsis, antibiotic therapy should be initiated
while the source of the infection is being investi-
gated [51]. However, once blood and other cul-
tures are found to be negative and no source of
infection is identified, antibiotics should be dis-
continued. A select group of relatively stable
patients with IPN can be managed by antibiotics
alone without requiring percutaneous drainage or
necrosectomy. However, these patients should be
closely monitored for failure to improve or clini-
cal deterioration, in which case more aggressive
therapy will be warranted.
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