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Abstract Acute pancreatitis is a common cause of hospi-
talization and a major source of morbidity worldwide.
When it is severe, and especially when it progresses to
include necrosis of the pancreas, the risk of infection rises
and mortality increases. Early reports suggested prophylac-
tic antibiotics given in severe pancreatitis prevent infection
and death. More recent clinical trials do not support this
benefit, and meta-analyses on the topic offer conflicting
recommendations. In this article, we evaluate the body of
published literature examining the use of antibiotics as a
preventive measure in acute pancreatitis. The highest
quality, currently available data fail to support prophylactic
use of antibiotics, which should be added to treatment
regimens only where infection has been proven.
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Introduction

Acute pancreatitis leads to more than 220,000 hospitalizations
annually in the United States, with additional cases remaining
undiagnosed or mild enough to be managed in the outpatient
setting [1]. It has been reported that pancreatitis is increasing
globally, undoubtedly influenced by improved recognition
by physicians and more widely available diagnostics [2, 3].
Given the prevalence of its most common causes (gallstone
obstruction and alcohol use) pancreatitis will continue to be a
major source of morbidity requiring acute care.
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Pancreatitis occurs when activated digestive enzymes
directly inflame the pancreas. Gallstones, the most common
cause, produce obstruction at the sphincter of Oddi,
preventing activated enzymes from flow into the duodenum.
Conversely, alcohol, the second most common cause, is
thought to be a direct toxin, inappropriately activating trypsin
within pancreatic acinar cells, which in turn activates the
digestive enzymes that cause pancreatic inflammation [4, 5].
These two etiologies produce 70% to75% of all acute
pancreatitis, with less common causes including other
sources of biliary stasis; other toxins (scorpion bites,
organophosphates); drugs (including those used to treat
autoimmune disease and AIDS); endoscopic retrograde
cholangiopancreatography (ERCP) procedures; hyperlipid-
emia; hypercalcemia; infections (including some bacterial,
viral, and parasitic); autoimmune pancreatitis; ischemia;
genetics; and trauma. Details of various etiologies, their
putative mechanisms, and the proposed pathophysiology
have been reviewed elsewhere [2, 5—8]. Idiopathic acute
pancreatitis may account for as much as 20% of all cases.

Patients with pancreatitis typically present with abdominal
pain, classically described as epigastric with a band-like
distribution or radiation to the back. Sometimes pain is felt in
the right or left upper quadrant, depending on the most
inflamed segment of the pancreas. Patients often have nausea
and vomiting, deny alleviating factors, and demonstrate
guarding on abdominal exam [5]. Diagnosis is supported
when lipase or amylase is three times normal and is
confirmed when imaging, especially CT scan, reveals
pancreatic inflammation [5, 9]. Other diagnostic tests are
also used, such as serum liver enzyme elevations that
generally support a gallstone etiology when present
(associated liver inflammation is rare), and abdominal
ultrasound to search for gallstones or dilated biliary ducts
[2]. Further testing then distinguishes mild and severe
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forms of pancreatitis in order for clinicians to plan
monitoring and treatment.

Evolution of Acute Pancreatitis

Approximately 80% of patients with acute pancreatitis
recover by 7 days while the other 20% have a more serious
form described as severe acute pancreatitis (SAP) (Fig. 1).
Among the group who do not resolve within 7 days, overall
mortality is approximately 4% [2]. SAP is defined as the
presence of systemic inflammatory response syndrome
(SIRS) and/or evidence of organ failure, the most common
three systemic complications being: renal, as demonstrated
by a rising creatinine, respiratory, revealed by tachypnea or
hypoxia, or cardiac’hemodynamic, observed as tachycardia
or hypotension [10]. A few patients in the mild pancreatitis
group meet SAP criteria initially but recover normal
parameters quickly [9]. SAP criteria persisting longer than
48 h predicts patients who will fail to resolve within 7 days,
and these patients have a prolonged, potentially rocky
course of SAP, approximately 25% progressing to acute
necrotizing pancreatitis (ANP). ANP, also referred to as
interstitial edematous pancreatitis (IEP) by some authors
[9], is defined by the presence of interstitial pancreatic
necrosis on radiologic imaging [5]. The development of
necrosis increases mortality risk to approximately 10%,
with subsequent infection of necrotic pancreatic tissue
increasing this risk further to about 25% (Fig. 1) [2, &, 11].

Several different scoring systems have been proposed to
define morbidity, and to predict disease severity and risk of
mortality in pancreatitis. These include Ranson’s criteria;
the Imrie scoring system; pancreatitis-specific use of
Multiple Organ Dysfunction Score (MODS); Sequential
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Fig. 1 Evolution of acute pancreatitis. Percentages show proportion
of cases who recover early versus those who are severe, with subsets
who develop necrosis or become infected [2, 4, 5]

Organ Failure Assessment (SOMA); and several iterations
of the Acute Physiology and Chronic Health Evaluation
(APACHE) [12]. In addition, inflammatory markers such as
C-reactive protein (CRP) and other reported predictors of
mortality, such as presence of obesity or hemoconcentra-
tion, are widely used for patients with pancreatitis [13—15],
combined with severity of pancreatic inflammation on CT
or other imaging [2, 12]. The overall goal of these
prognostic efforts is to identify the 20% of acute pancre-
atitis patients with severe disease and target them for more
aggressive treatment.

Treatment of Acute Pancreatitis

Given that there is no specific therapy for a severely
inflamed pancreas, what has been shown to be effective in
the treatment of acute pancreatitis, particularly SAP? As
with other illnesses associated with SIRS and organ
dysfunction, the initial treatment strategy is volume
resuscitation and support. In acute pancreatitis, the volume
depletion typically begins with nausea and vomiting, and is
thereafter compounded by local abdominal and systemic
inflammatory reactions [10]. In rare, very severe cases,
volume losses may include pancreatic hemorrhage or be
exacerbated by myocardial depression. Pulmonary dysfunc-
tion is common in SAP and may be caused by atelectasis,
pleural effusion, or acute respiratory distress syndrome
(ARDS), the latter occurring in up to a third of SAP
patients [10]. Support of hypoxia includes ventilation when
necessary and recognizing the critical distinction between
pulmonary congestion caused by ARDS, and that caused by
cardiac failure, the latter a much less common consequence
of pancreatitis and requiring a treatment strategy that
undermines the volume resuscitation typically required.
Acute renal injury in SAP is associated with higher
mortality risk and is treated with adequate volume support
and avoidance of renal insults such as intravenous contrast
[10]. Early nutritional support is now known to prevent
complications in SAP, with reduced progression to necrosis,
fewer infections, and lower mortality using total enteral
feeding compared to total parenteral feeding [16, 17].

The goal of aggressive care is to perfuse the inflamed
pancreas and support any impaired organ systems during
the period of systemic inflammatory response. Failure to do
so increases the risk for ANP and for its dreaded potential
sequela, infected pancreatic necrosis [2, 10] (Fig. 1).
Hemoconcentration persisting 24 h after hospitalization, as
a measure of inadequate volume resuscitation, is reported to
be an accurate predictor of pancreatitic necrosis [2, 12].
Mortality risk increases as necrosis occurs, with death from
SAP being bimodal in distribution (the first peak due to
SIRS and associated organ failure within 2 weeks, and the
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second peak from complications, typically infectious,
occurring 2—-6 weeks after diagnosis). Complications
causing later mortality include infection within necrosed
pancreatic tissue among patients who develop ANP, versus,
much less commonly, walled-off pancreatic abscess, [18] or
conditions of prolonged incapacitation, such as pneumonia
or line sepsis [2, 10].

With these strategies now better understood for the
support of patients with SAP, what can be done when ANP
nonetheless occurs? Recognizing the increased mortality
associated with infection of necrotic pancreatic tissue, anti-
infective treatments have been applied, studied, and debated
for over a decade. Some authors examined outcomes when
antibiotics were given to all acute pancreatitis patients, while
others looked specifically at populations where necrosis had
occurred. Subsets undergoing ERCP procedures [19] or
taking probiotic formulations [20] have also been studied.
Below we discuss the literature evaluating the use of
prophylactic antibiotic treatment to prevent infection, and
its associated mortality, in ANP.

Antibiotic Prophylaxis in Acute Necrotizing Pancreatitis

Randomized trials examining the effect of antibiotics on
morbidity and mortality in acute pancreatitis began to
appear in the 1970s [21-23]. These early trials included
patients with mild pancreatitis and used ampicillin as the
treatment arm, showing no significant effect on mortality.
In 1998, Golub et al. [24] published a meta-analysis of the
first eight clinical trials to study this topic, including the
three early trials mentioned above, and reported a mortality
benefit not with ampicillin, but with the use of broad spectrum
antibiotics expected to penetrate pancreatic tissue [21-29].
Their meta-analysis included 514 total patients, and they
noted that only one of the eight individual trials was able to
show benefit with antibiotic therapy [27]. Since this early
effort, many systematic reviews have been written on this
topic in an attempt to answer the important quandary of
whether antibiotics can prevent infection and death in ANP.

Table 1 lists the published meta-analyses along with the
clinical trials included in each, and whether benefit was
discovered for the two outcomes, infected necrosis, and
mortality. Note that despite inclusion of many of the same
individual clinical trials, the meta-analyses draw differing
conclusions regarding whether prophylactic antibiotics
significantly reduce infection of necrotic pancreatic tissue
or overall mortality among patients with ANP. Critical to
understanding potential sources of these discrepancies are
the important bias-reducing methods used for conducting
therapeutic trials, and for later combining them into meta-
analyses. Table 2 provides methodology checklists for both
the therapy trial (referred to as the randomized, controlled

@ Springer

trial [RCT] when randomization and a control group are
present), and the meta-analysis. These checklists are
derived from Jadad scoring [30] and the Users’ Guides
[31, 32, 33¢], each intended to measure authors’ attempts to
reduce bias and thereby provide highly valid study results
that can be appropriately applied to patient care. We refer
the reader to the guides in Table 2 as we attempt to draw a
clinical recommendation from the meta-analyses and their
contained clinical trials in Table 1.

All meta-analyses covered here are strengthened by their
requirement for randomization among included trials, and
their ability to combine individual data rather than aggregate
data from individual studies. Following initial efforts of Golub
et al., Sharma et al. [34] published a 2001 meta-analysis
rejecting for inclusion most of the earlier clinical trials. As
with all later meta-analysis authors, they rejected trials using
ampicillin for reasons of poor pancreatic penetrance and
emerging bacterial resistance. In addition, they followed an
important rule of meta-analysis in formulating a focused
clinical question: whether prophylactic antibiotics improve
outcomes in acute necrotic pancreatitis rather than in all
acute pancreatitis. Including only trials that verified necrosis
in their subjects, they further rejected Luiten et al. [26] and
Delcenserie et al. [28]. This left 160 patients from three
trials, and provided an overall conclusion that antibiotics
significantly reduce mortality with a nonsignificant trend
toward reduction in infection of necrotic pancreatic tissue.

2006 produced an explosion of meta-analysis effort with
four publications reaching contradictory results [35-38].
Heinrich et al. [35] and Villatoro et al. [36] both report
mortality benefit but no reduction in infection of pancreatic
necrosis with prophylactic antibiotics. Mazaki et al. [37]
and Xiong et al. [38] report no significant benefit in either
outcome. All four reviews agree on inclusion of trials by
Nordback et al. [39] and Isenmann et al. [40], the latter
marking the first double-blinded study to examine this issue.
Mazaki et al. and Xiong et al. sacrificed focus of their clinical
question by including Spicak et al. [41] and, in Xiong’s case,
Delcenserie et al. [28], studies that did not establish necrosis
of the pancreas for inclusion. In addition, Xiong et al. should
likely be rejected outright due to their failure to report any
assessment of validity of the included trials.

In 2007, Dambrauskas et al. [42] included multiple trials
that had been rejected by others for the following reasons:
Takeda et al. [43] used continuous infusion of antibiotic with
a protease inhibitor as their treatment arm; Bassi et al. [44]
and Manes et al. [45] compared two antibiotic arms without
controls; and Maravi-Poma et al. [46] compared imipenem
for 14 days with more prolonged imipenem in patients with
ANP. Dambrauskas et al. additionally failed to report on
individual validity of their included trials. Also in 2007, de
Vries et al. [47¢] was published late enough to include the
second double-blinded study on this topic, a multicenter trial
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Table 1 Meta-analyses examining the effect of prophylactic antibiotics on the outcomes of infected necrosis and mortality in patients with acute
necrotizing pancreatitis

Year  1st Author

Included trials

Antibiotic in treatment arm

“Total Validity of trials  Benefit shown for:

subjects  assessed
Infected necrosis  Mortality
1998  Golub Craig ’75 Ampicillin 514 Yes Not tested Yes
Howes 75 Ampicillin
Finch *76 Ampicillin
Perderzoli *93 Imipenem
Luiten ’95 Cefotaxime IV or norfloxacin PO/PR
Sainio ’95 Cefuroxime
Delcenserie 96 Ceftazidime, amikacin, metronidazole
Schwarz 97 Ofloxacin and metronidazole
2001  Sharma Perderzoli *93 Imipenem 160 Yes No Yes
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
2006 Heinrich Perderzoli *93 Imipenem 288 Yes No Yes
Sainio 95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback *01 Imipenem
“Isenmann ’04 Ciprofloxacin and metronidazole
2006  °Villatoro Perderzoli *93 Imipenem 294 Yes No Yes
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann *04 Ciprofloxacin and metronidazole
2006  Mazaki Perderzoli *93 Imipenem 329 Yes No No
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann ’04 Ciprofloxacin and metronidazole
Spicak ’04 Ciprofloxacin/metronidazole
2006 Xiong Perderzoli *93 Imipenem 338 No No No
Sainio 95 Cefuroxime
Delcenserie *96 Ceftazidime, amikacin, metronidazole
Schwarz 97 Ofloxacin and metronidazole
“Isenmann ’04 Ciprofloxacin and metronidazole
Spicak *04 Ciprofloxacin/metronidazole
2007 Dambrauskas Perderzoli *93 Imipenem 1,279 No Yes Yes
Sainio ’95 Cefuroxime
Delcenserie 96 Ceftazidime, amikacin, metronidazole
Schwarz 97 Ofloxacin and metronidazole
9Bassi *98 Pefloxacin versus imipenem
9Takeda 00 Nafamostat CRAI with imipenem
Nordback *01 Imipenem
“Manes 03 Meropenem versus imipenem
9Maravi °03 Imipenem 14 days versus longer
“Isenmann ’04 Ciprofloxacin and metronidazole
2007  de Vries Perderzoli *93 Imipenem 397 Yes No No
Sainio ’95 Cefuroxime
Delcenserie 96 Ceftazidime, amikacin, metronidazole
Schwarz 97 Ofloxacin and metronidazole
“Isenman ’04 Ciprofloxacin and metronidazole
“Dellinger *07 Meropenem
2008 Hart Perderzoli *93 Imipenem 429 Yes No No
Sainio ’95 Cefuroxime
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Table 1 (continued)

Year  1st Author Included trials Antibiotic in treatment arm “Total Validity of trials  Benefit shown for:
subjects  assessed
Infected necrosis  Mortality
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann ’04 Ciprofloxacin and metronidazole
Spicak *04 Ciprofloxacin/metronidazole
“Dellinger 07 Meropenem
2008 Xu Perderzoli *93 Imipenem 540 Yes Yes No
Sainio 95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback *01 Imipenem
“Isenmann ’04 Ciprofloxacin and metronidazole
Spicak ’04 Ciprofloxacin/metronidazole
“Dellinger *07 Meropenem
Rokke *07 Imipenem
2008 Bai Perderzoli *93 Imipenem 467 Yes No No
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann *04 Ciprofloxacin and metronidazole
Spicak ’04 Ciprofloxacin/metronidazole
“Dellinger *07 Meropenem
Rokke 07 Imipenem
2009  Jafri Perderzoli *93 Imipenem 502 Yes No No
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann *04 Ciprofloxacin and metronidazole
Spicak ’04 Ciprofloxacin/metronidazole or meropenem
“Dellinger *07 Meropenem
Rokke ’07 Imipenem
2010  “Villatoro Perderzoli *93 Imipenem 404 Yes No No
Sainio ’95 Cefuroxime
Schwarz 97 Ofloxacin and metronidazole
Nordback ’01 Imipenem
“Isenmann ’04 Ciprofloxacin and metronidazole
“Dellinger *07 Meropenem
Rokke *07 Imipenem
2010 Bai Perderzoli ’93 Imipenem 519 Yes No No
Sainio 95 Cefuroxime
Schwarz *97 Ofloxacin and metronidazole

Nordback *01
“Isenmann ’04
“Dellinger *07
Rokke *07
“Garcia-Barrasa 09
Xue ’09

Imipenem

Ciprofloxacin and metronidazole
Meropenem

Imipenem

Ciprofloxacin

Imipenem

CRAI, continuous regional arterial infusion

#Number of subjects in meta-analyses varies despite inclusion of same trials when authors use subsets of original data

® Cochrane Reviews (only the two most recent Cochrane Reviews are included for this article)

°RCT included blinding
4RCT contained no control arm
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Table 2 Checklist for assessing validity by publication type [30—32, 33¢]

Clinical trial comparing treatments

Meta-analysis

» Randomization?
—Concealment of randomization?
* Double-blinding?
* Follow up of subjects?
« Intention to treat?

* Groups similar at start?
* Groups treated equally?

» Addresses focused clinical question?

* Criteria for trial inclusion appropriate?

* Unlikely important data were missed?

* Validity of included trials assessed?

» Combines individual data (rather than aggregate data)?
* Results similar from study to study?

by Dellinger et al. [48+] comparing meropenem with placebo
and finding no difference in infected necrosis or mortality.
De Vries, who rejected Nordback’s trial [39] for giving
antibiotics to control patients if inflammatory markers were
increasing, goes on to show an inverse-linear relationship
between the methodologic quality score of included trials
and the mortality benefit reported. In other words, the more
rigorous an RCT’s methods in terms of concealment of
randomization, blinding, similarity of groups, etc., the less
likely it was to show mortality benefit for prophylactic
antibiotics.

From this point on, through the 2008—2010 meta-analyses,
quality of the included trials and the summarizing meta-
analyses increased, and the benefit of prophylactic antibiotics
disappeared. Referring to Table 1, Hart et al. [49], Bai et al.
[50e], and Jafii et al. [51], in addition to 2010 updates by
Villatoro et al. [52] and Bai et al. [53], reported no significant
decrease in rates of pancreatic tissue infection or rates of
mortality with the use of prophylactic antibiotics given to
patients with acute necrotic pancreatitis. Xu et al. in 2008 [54]
were the exception, reporting significant protection from
infection of necrotic pancreas tissue, but have been criticized
by others for including subsets of patients not proven to have
necrosis, and for using a fixed effects model for their meta-
analysis where a random effects model is more appropriate to
the natural heterogeneity of included populations [50+]. Over
time, more individual trials allowed larger meta-analyses, and
a third higher quality, double-blind trial showed no significant
difference with prophylactic antibiotics [55¢].

Beyond Contradictory Meta-Analyses

Epidemiologists and statisticians have argued that large
randomized controlled trials are superior to meta-analyses
for distinguishing between the null hypothesis and a true
benefit or harm of a treatment intervention [56]. Combining
small trials with few outcomes, particularly if validity is
low or results are dissimilar, can produce large confidence
intervals around a summary relative risk, and therefore little
certainty about a drug’s effect. The distortion or bias caused

by heterogeneity of included trials means some meta-analyses
are more appropriate for hypothesis expansion than for
application to patient care [57]. Referring to Table 1 and
applying the standards in Table 2, meta-analyses did not
provide us with confident conclusions when the question
was not sufficiently focused on patients with necrosis or on
antibiotics with adequate penetration, when scope of
included trials allowed those without controls, or when
validity of individual trials was not tested. Newer, generally
larger, higher quality meta-analyses published on this topic
since 2008 agree that prophylactic antibiotics given to
patients with ANP do not reduce incidence of infected
necrosed tissue or mortality.

Luckily, we now have three RCTs that are of higher quality,
including a placebo group and keeping the patients with ANP
and their clinicians blind to group allocation [40, 48e, 55¢].
Blinding reduces bias in outcome reporting, particularly for
inadvertent partiality regarding which patients are sent for
cultures of necrosed pancreatic tissue. Two of these trials are
also stronger because they are multicenter studies [40, 48¢].
All three of these trials reported no difference in rates of
pancreas infection or mortality, providing the clearest answer
that prophylactic antibiotics should not be part of clinical
protocols for treatment of ANP.

Conclusions

Acute pancreatitis that progresses to pancreatic necrosis has
a considerable fatality rate, largely from infectious compli-
cations. It stands to reason that prophylactic antibiotics
were considered a potential way to reduce mortality, and
they have been part of many treatment regimens since early
reports claimed effectiveness. Conflicting reports lead to
considerable debate, and a large number of meta-analyses
attempted to clarify the issue, but also produced opposing
recommendations. Applying standards of well done RCTs
and meta-analyses, the higher quality data now clearly point
to no beneficial role for prophylactic antibiotics.

While the lack of effect for preventing infection of the
pancreas or for decreasing mortality appears established,
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some reports claimed benefit of prophylactic antibiotics on
other outcomes, such as length of hospital stay, the need for
surgery or intensive care, or the incidence of nonpancreatic
infections. These reports have been inconsistent and are not
supported by the newer, double-blinded trials. In addition,
given that extrapancreatic infections in ANP are largely the
result of prolonged hospitalization and disability (such as
catheter infections or pneumonia), one would have to argue
that any patient with extended infirmity be given prophylactic
antibiotics, a suggestion clearly without merit given the
expansion of resistant bacteria and the rise in Clostridium
difficile infections. On a related note, some authors report a
transition in the causative agents of infected necrosis, from
predominately gram-negative gut flora to gram-positive,
possibly hospital acquired organisms, with the advent of
antibiotic prophylaxis [58¢]. In addition, some note that
fungal infections increase in relation to the duration of
prophylaxis given [46].

It is difficult to imagine a topic that investigators have
tried harder to solve than one which has generated 14 meta-
analyses in just under as many years. The cumulative data
now conclude that prophylactic antibiotics are not
beneficial, and might be harmful, in patients whose acute
pancreatitis has evolved to necrosis of the pancreas. Only
a large, multicenter study including hundreds of patients
with CT-proven necrosis, properly randomized to pro-
duce similar groups, controlled with a placebo arm,
double-blinded, adequately followed up, and with statis-
tical analysis according to group allocation will produce
a more credible and accurate result. For now, the only
appropriate use of antibiotics in acute pancreatitis is
when infection has been established, and prophylactic
use should be removed from treatment paradigms.

Disclosure No potential conflicts of interest relevant to this article
were reported.

References

Papers of particular interest, published recently, have been
highlighted as:
» Of importance

1. DeFrances CJ, Hall MJ. 2005 National hospital discharge survey.
Adv Data. 2007;385:1-19.

2. Froussard JL, Steer ML, Pastor CM. Acute pancreatitis. Lancet.
2008;371:143-52.

3. Fagenholz PJ, Castillo CF, Harris NS, et al. Increasing United
States hospital admissions for acute pancreatitis, 1988—2003. Ann
Epidemiol. 2007;17:491-7.

4. Munsell MA, Buscaglia JM. Acute pancreatitis. J Hosp Med.
2010;5:241-50.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Gupta K, Wu B. In the clinic: acute pancreatitis. Ann Int Med.

2010, 153:ITC5-1tol6.

. Gaisano HY, Gorelik FS. New insights in to the mechanisms of

pancreatitis. Gastroenterology. 2009;136:2040—4.

. Park DH, Kim MH, Chari ST. Recent advances in autoimmune

pancreatitis. Gut. 2009;58:1680-9.

. Khan AS, Latif SU, Eloubeidi MA. Controversies in the etiologies

of acute pancreatitis. JOP J Pancreas (Online). 2010;11:545-52.

. Acute Pancreatitis Classification Working Group: Revision of the

Atlanta classification of acute pancreatitis (3rd revision). Available at
www.pancreasclub.com/resources/AtlantaClassification.pdf

Greer SE, Burchard KW. Acute pancreatitis and critical illness: a
tale of hypopertusion and inflammation. Chest. 2009;136:1413-9.
Bai Y, Gao J, Zou DW, et al. Prophylactic antibiotics cannot reduce
infected pancreatic necrosis and mortality in acute necrotizing
pancreatitis: evidence from a meta-analysis of randomized controlled
trials. Am J Gastroenterol. 2008;103:104—10.

Modifi R, Patil PV, Suttie SA, et al. Risk assessment in acute
pancreatitis. Br J Surg. 2009;96:137-50.

Gan SI, Romagnuulo J. Admission hematocrit: a simple, useful
and early predictor of severe pancreatitis. Dig Dis Sci.
2004;49:1946-52.

Martinez J, Johnson CD, Sanchez-Paya J, et al. Obesity is a
definitive risk factor of severity and mortality in acute pancreatitis:
an updated meta-analysis. Pancreatology. 2006;6:206—9.

Brown A, James-Stevenson T, Dyson T, et al. The Panc 3 score: a
rapid and accurate test for predicting severity on presentation in
acute pancreatitis. J Clin Gastroenterol. 2007;41:855—8.

Petrov MS, van Santvoort HC, Besselink MGH, et al. Enteral
nutrition and the risk of mortality and infectious complications in
patients with severe acute pancreatitis: a meta-analysis of
randomized trials. Arch Surg. 2008;143:1111-7.

Wu XM, Ji KQ, Wang HY, et al. Total enteral nutrition in prevention
of pancreatic necrotic infection in severe acute pancreatitis. Pancreas.
2010;39:248-51.

Stamatakos M, Stefanaki C, Kontzoglou K, et al. Walled-off
pancreatic necrosis. World J Garoenterol. 2010;16:1707—12.

van Santvoort HC, Bessleink MG, de Vries AC, et al. Early
endoscopic retrograde cholangiopancreatography in predicted
severe acute biliary pancreatitis: a prospective multicenter study.
Ann Surg. 2009;250:68-75.

Zhang MM, Cheng JQ, Lu YR, et al. Use of pre-, pro- and
synbiotics in patients with acute pancreatitis: a meta-analysis.
Wold J Gastroenterol. 2010;16:3970-8.

Craig RM, Dordal E, Myles L. The use of ampicillin in acute
pancreatitis [letter]. Ann Intern Med. 1975;83:831-2.

Howes R, Zuidema GD, Cameron JL. Evaluation of prophy-
lactic antibiotics in acute pancreatitis. J Surg Res. 1975;18:197—
200.

Finch WT, Sawyers JL, Schenker S. A prospective study to
determine the efficacy of antibiotics in acute pancreatitis. Ann
Surg. 1976;183:667-71.

Golub R, Siddiqui F, Pohl D. Role of antibiotics in acute pancreatitis:
a meta-analysis. J Gastrointest Surg. 1998;2:496-503.

Pederzoli P, Bassi C, Vesentini S, et al. A randomized multicenter
clinical trial of antibiotic prophylaxis of septic complications in
acute necrotizing pancreatitis with imipenem. Surg Gynecol
Obstet. 1993;176:480-3.

Luiten EJ, Hop WC, Lange JF, et al. Controlled clinical trial of
selective decontamination for the treatment of severe acute
pancreatitis. Ann Surg. 1995;222:57—65.

Sainio V, Kemppainen E, Puolakkainen P, et al. Early antibiotic
treatment in acute necrotising pancreatitis. Lancet. 1995;346:663—7.
Delcenserie R, Yzet T, Ducroix JP. Prophylactic antibiotics in
treatment of severe acute alcoholic pancreatitis. Pancreas.
1996;13:198-201.


http://www.pancreasclub.com/resources/AtlantaClassification.pdf

Curr Gastroenterol Rep (2011) 13:336-343

343

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Schwarz M, Isenmann R, Meyer H, et al. Antibiotic use in
necrotizing pancreatitis. Results of a controlled study. Dtsch Med
Wochenschr. 1997;122:356-61.

Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of
reports of randomized clinical trials: is blinding necessary?
Control Clin Trials. 1996;17:1-12.

Guyatt GH, Sackett DL, Cook DJ, for the Evidence-Based
Medicine Working Group. Users’ guides to the medical literature
II. How to use an article about therapy or prevention. A. Are the
results of the study valid? JAMA. 1993;270:2598—601.

Oxman AD, Cook DJ, Guyatt GH, for the Evidence-Based
Medicine Working Group. Users’ guides to the medical literature
VI. How to use an overview. JAMA. 1994;272:1367-71.

* Guyatt G, Drummond R, Meade M, et al. Users’ guides to the
medical literature: a manual for evidence-based clinical practice. 2nd
ed. New York: McGraw-Hill Professional; 2008. This book is a
compilation of the Users’ Guides series published in JAMA
beginning in 1993. It is an indispensable tool for the reader of
medical literature, providing a framework for appraising the quality
of published clinical trials and applying them to patient care.
Sharma VK, Howden CW. Prophylactic antibiotic administration
reduces sepsis and mortality in acute necrotizing pancreatitis: a
meta-analysis. Pancreas. 2001;22:28-31.

Heinrich S, Schafer M, Rousson V, et al. Evidence-based
treatment of acute pancreatitis: a look at established paradigms.
Ann Surg. 2006;243:154-68.

Villatoro E, Bassi C, Larvin M. Antibiotic therapy for prophylaxis
against infection of pancreatic necrosis in acute pancreatitis.
Cochrane Database Syst Rev. 2006;4:CD002941.

Mazaki T, Ishii Y, Takayama T. Meta-analysis of prophylactic
antibiotic use in acute necrotizing pancreatitis. Br J Surg.
2006;93:674-84.

Xiong GS, Wu SM, Wang ZH. Role of prophylactic antiobiotic
administration in severe acute pancreatitis: a meta-analysis. Med
Princ Pract. 2006;15:106—10.

Nordback I, Sand J, Saaristo R. Early treatment with antibiotics
reduces the need for surgery in acute necrotizing pancreatitis—a
single-center randomized study. J Gastrointest Surg. 2001;5:113-8.
Isenmann R, Runzi M, Kron M, et al. (German) Antibiotics in Severe
Acute Pancreatitis Study Group: prophylactic antibiotic treatment in
patients with predicted severe acute pancreatitis: a placebo-controlled,
double-blind trial. Gastroenterology. 2004;126:997—1004.

Spicak J, Hejtmankova S, Cech P, et al. Antibiotic prophylaxis in
large pancreatic necrosis: multicenter randomized trial with
ciprofloxacin and metronidazole or meropenem. Gastroenterology.
2004;126 Suppl 2:A-229.

Dambrauskas Z, Gulbinas A, Pundzius J, et al. Meta-analysis of
prophylactic parenteral antibiotic use in acute necrotizing pancre-
atitis. Medicina. 2007;43:291-300.

Takeda K, Matsuno S, Ogawa M, et al. Continuous regional
arterial infusion (CRAI) therapy reduces the mortality rate of
acute necrotizing pancreatitis: results of a cooperative survey in
Japan. J Hepatobiliary Pancreat Surg. 2001;8:216—20.

Bassi C, Mangiante G, Falconi M, et al. Prophylaxis for septic
complications in acute necrotizing pancreatitis. J Hepatobiliary
Pancreat Surg. 2001;8:211-5.

Manes G, Rabitti PG, Menchise A, et al. Prophylaxis with
meropenem of septic complications in acute pancreatitis: a random-
ized, controlled trial versus imipenem. Pancreas. 2003;27:¢79—83.
Maravi-Poma E, Gener J, Alvarez-Lerma F, et al. Early antibiotic
treatment (prophylaxis) of septic complications in severe acute

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

necrotizing pancreatitis: a prospective, randomized, multicenter
study comparing two regimens with imipenem-cilastatin. Inten-
sive Care Med. 2003;29:1974-80.

e de Vries AC, Besselink MGH, Buskens E, et al. Randomized
controlled trials of antibiotic prophylaxis in severe acute
pancreatitis: relationship between methodological quality and
outcome. Pancreatology 2007;7:531-8. This is a well done
meta-analysis demonstrating an inverse association between
methodologic quality and reported impact of antibiotic inter-
vention on the outcome of mortality in ANP.

* Dellinger EP, Tellado JM, Soto NE, et al. Early antibiotic
treatment for severe acute necrotizing pancreatitis: a randomized,
double-blind, placebo-controlled study. Ann Surg. 2007;245:674—83.
This RCT is a high quality study on prophylactic antibiotics for
ANP by being double-blind and a relatively large, multicenter trial.
1t showed no benefit for meropenem on the outcomes of infected
necrosis or mortality.

Hart PA, Bechtold ML, Marshall JB, et al. Prophylactic antibiotics
in necrotizing pancreatitis: a meta-analysis. South Med J.
2008;11:1126-31.

* Bai Y, Gao J, Zou DW, et al. Prophylactic antiobiotics cannot
reduce infected pancreatic necrosis and mortality in acute necrotizing
pancreatitis: evidence for a meta-analysis of randomized controlled
trials. Am J Gastroenterol. 2008;103:104—10. This is a very well
done meta-analysis that stratified validity/quality for its included
trials and showed again that only lower quality trials report a
benefit for antibiotics. It also contains methodological explanations
for why earlier meta-analyses mistakenly found benefit for
prophylactic antiobiotics in ANP.

Jafri NS, Mahid SS, Idstein SR, et al. Antibiotic prophylaxis is not
protective in severe acute pancreatitis: a systematic review and
meta-analysis. Am J Surg. 2009;197:806—13.

Villatoro E, Mulla M, Larvin M. Antibiotic therapy for prophylaxis
against infection of pancreatic necrosis in acute pancreatitis.
Cochrane Database Syst Rev. 2010;5:CD002941.

* Bai Y, Gao J, Zou DW, et al. Antibiotics prophylaxis in acute
necrotizing pancreatitis: an update. Am J Gastroenterol.
2010;105:705—7. This brief article is an update of their earlier
high quality meta-analysis, now containing additional randomized
trials and including all three higher quality, double-blinded RCTS.
They point out that they now include more patients with a biliary
etiology for pancreatitis. This publication represents the most
accurate meta-analysis to date of prophylactic antibiotics in ANP.
Xu T, Cai Q. Prophylactic antibiotic treatment in acute necrotizing
pancreatitis: results from a meta-analysis. Scand J Gastroenterol.
2008;43:1249-58.

* Garcia-Barrasa A, Borobia FG, Pallares R, et al. A double-blind,
placebo-controlled trial of ciprofloxacin prophylaxis in patients
with acute necrotizing pancreatitis. J Gastrointest Surg.
2009;13:768—-74. This RCT is the newest double-blind study
examining prophylactic antibiotics in ANP.

Egger M, Smith GD, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629-34.
Hennekens CH, DeMets D. The need for large-scale randomized
evidence without undue emphasis on small trials, meta-analyses,
or subgroup analyses. JAMA. 2009;302:2361-2.

» De Waele JJ. Use of antibiotics in severe acute pancreatitis.
Expert Rev Anti Infect Ther. 2010;8:317-24. This article is a
descriptive review of this topic, also drawing the conclusion that
prophylactic antibiotics are not beneficial in acute necrotizing
pancreatitis.

@ Springer



	Acute Pancreatitis: Should We Use Antibiotics?
	Abstract
	Introduction
	Evolution of Acute Pancreatitis
	Treatment of Acute Pancreatitis
	Antibiotic Prophylaxis in Acute Necrotizing Pancreatitis
	Beyond Contradictory Meta-Analyses
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


