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Antibiotic treatment in acute pancreatitis
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Abstract

Severe acute pancreatitis is characterized by a poor
prognosis with local and systemic complications, high mor-
bidity and mortality. From the morphological standpoint,
almost all patients suffering from severe forms of acute
pancreatitis present various degree of pancreatic necrosis.
In these patients the occurrence of infection of pancreatic
necrosis certainly represents a very important prognostic
factor as it has worldwide accepted as the leading cause
of death. In addition, the discovery of an infected necrosis
represents a crucial point in the treatment of these patients
as it is the only clear-cut shift from medical to surgical treat-
ment in necrotizing pancreatitis. Over the last years, earlier
and more precise identification of pancreatic necrosis
together with availability of new classes of antibiotics with
documented activity against the most commonly involved
bacteria and able to reach in therapeutic concentration the
pancreatic necrosis give us the opportunity to perform some
important controlled clinical trials on antibiotic prophylaxis
in necrotizing acute pancreatitis. The great majority of these
studies showed the usefulness of a prophylactic regimen
(using antibiotics such as fluoroquinolones and carbapen-
ems) in terms of reduction of pancreatic and extrapancreatic
infections in comparison with untreated controls. Neverthe-
less, some questions on this topic still present controversial
aspects such as the antibiotic of choice, the duration of
treatment, the possible opportunistic infections with fungi
and/or resistant strains. Antibiotics may prove very useful
in patients with documented infected necrosis and high
anaesthesiological risk unfit for surgical debridement and
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drainage; some initial experiences show the possibility that
antibiotic treatment may be curative without surgery in
these selected cases.
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Introduction

When we are talking about acute pancreatitis (AP) we are
facing with two complete different diseases, i.e. mild and severe
AP. Almost all patients with mild disease recovery within few
days and they do not require any specific treatment, including
antibiotics. For these patients, presenting with edematous form
of AP, we can observe a spontaneous resolution of the disease;
the main clinical problem consist of the correction of the etio-
logical factor to avoid recurrences. On the contrary, severe AP
presents a poor prognosis with local and systemic complications,
high morbidity and mortality [1]. From the morphological stand-
point, severe AP shows various degree of pancreatic necrosis in
almost all cases. In a recent survey on AP in Italy (1184 patients
prospectively enrolled in 2 years), severe forms represent the
14% only of all AP, but mortality (20%) and morbidity (47%)
are almost completely confined in this form. Data from other
series coming from Europe and USA shows a percentage of
severe forms little bit superior — 15 to 25% — with a related
mortality up to 50% [2-5]. In these patients the occurrence of
pancreatic infection, that means infection of pancreatic necrosis,
certainly represents a very important prognostic factor as it has
worldwide accepted as the leading cause of death. On this con-
text, infection of necrosis accounts for a major cause of death in
the late phase of the disease, in general after the second week,
when most deaths are the sequel of ongoing sepsis and septic
multiple organ failure [6].
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Infection of pancreatic necrosis
in severe AP

Pancreatic infection basically occurs in patients with AP
presenting pancreatic or peripancreatic necrosis and/or fluid
collections. Pancreatic necrosis become infected in a percentage
ranging from 20 to 40% and, as a rule, a time dependent increase
of the infection rate with the duration of the disease is registered
(Fig. 1) [6,7]. Patients suffering from AP develop pancreatic
infection mainly after the second week of the disease, whereas
the most important complications within the first two weeks are
the systemic complications related to the organ(s) failure. Our
recent data based upon a prospective evaluation of 210 patients
with AP observed in four years [8] showed that infection of
necrosis developed in 18 of 75 patients (24%) with necrotiz-
ing forms. The occurrence of infection of necrosis represents
a crucial point in the treatment of these patients as it is the only
clear-cut shift from medical to surgical treatment in necrotizing
pancreatitis [7,9]. The extent of pancreatic necrosis correlates
with the incidence of its infection. As a consequence, strict
monitoring of necrotic process, by means of contrast-enhanced
computed-tomography and of fine-needle percutaneous aspira-
tion of necrosis for bacteriological examination when clinical
suspicion of infection arises, is required [10]. Recognition of
bacterial strains at fresh-microscopy of the aspirated material or
positive results of the cultural exam indicates surgical debride-
ment as soon as possible.

Several pathways of bacteria into pancreatic necrosis have
been described: a) hematogenous, via the blood circulation;
b) ascending infection from the duodenum via the pancreatic
duct; ¢) from the portal vein and the liver via the biliary duct sys-
tem; d) transcolonic migration via the lymphatics [11]. The latter
pathway is the most important with many in vitro and in vivo
studies which clearly support this mechanism [1,6]. In AP a re-
duced gut motility secondary to some mediators such as nitric
oxide is reported; this lead to alteration of intestinal microflora
and to damage of mucosal barrier with increase of gut perme-
ability (Fig. 2). In addition, the impairment of gut microcircula-
tion, local ischemia, and a decrease of immune system response

Figure 1. Infection of pancreatic necrosis in severe acute pan-
creatitis: the incidence rate is a time dependent, and nearly 70%
of this event occurs after the second week of the onset of the
disease
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Table 1. Spectrum of bacteria isolate in infected pancreatic
necrosis: mean value from three large series [16-18]

Monomicrobial flora 60-87%
Escherichia coli 25.9%
Pseudomonas aeruginosa 15.9%
Staphylococcus aeureus 15.3%
Klebsiella spp 10.1%
Proteus mirabilis 10.1%
Streptococcus faecalis 4.4%
Various anaerobes 15.8%

related to cytokine release enforce the mucosal barrier damage,
thus leading to the translocation of intestinal bacteria into the
bloodstream and to a secondary colonization of pancreatic
necrosis. The occurrence that bacteria most frequently isolated
from infected necrosis (7ab. I) are mainly Gram-negative
strains, typical of intestinal flora, strongly support this pathway.
In the great majority of patients the infection is monomicrobial
with anaerobes bacteria accounting for 15% of cases. In a recent
paper [12] — Tab. 2 — we reported monomicrobial flora in the

colon microorganisms (see text)
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Figure 2. Bacterial translocation pathway determines colonization of pancreatic necrosis during necrotizing acute pancreatitis (AP) from
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Table 2. Microbiological isolates in 22 patients presenting severe
acute pancreatitis complicated by infection of necrosis — per-
sonal experience [12]

Monomicrobial flora 17/22 (77.3%)

Polimicrobial flora 5/22 (22.7%)

¢ Escherichia coli

¢ Pseudomonas aeruginosa
¢ Enterococcus faecalis

¢ Staphylococcus acureus

* Xanthomonas maltophilia
¢ Klebsiella oxytocica

¢ Enterobacteriacee

¢ Proteus mirabilis

e Streptococcus mitis

=== NN W W R Y

* Bacillus species

Table 3. Efficacy factor of various antibiotics in the prophylaxis
of infection of pancreatic necrosis in severe acute pancreatitis
(AP); efficacy factor represents the ratio between the bacterial
spectrum covered and the pancreatic penetration, at least at
the minimal inhibitory concentration; the maximum efficacy
factor is 1

Antibiotics in AP efficacy factor
Netilmicin 0.14
Tobramycin 0.12
Mezlocillin 0.71
Piperacillin 0.71
Cefotiam 0.75
Ceftizoxime 0.76
Cefotaxime 0.78
Ceftriaxone 0.79
Ciprofloxacin 0.86
Ofloxacin 0.87
Imipenem 0.98
Meropenem 0.98

77% of microbiological isolates from 22 patients with infected
necrosis and stressed the clinical relevance of the occurrence
of Xanthomonas malthophilia pancreatic infection (mortality of
100% in our experience). This Gram-negative organism belongs
to the Pseudomonas family and it has the peculiarity of growth
in plastic devices and of resistance to carbapenem antibiotics we
currently use in the prophylaxis of infected necrosis.

Antibiotic prophylaxis to prevent infection
of pancreatic necrosis

The history of prophylaxis of pancreatic infection starts near
40years ago. Earlier studies do not indicate favourable effects on
the outcome of AP [13-15]. We can today identify at least three
reasons for these negative results: 1) all studies were carried out
before the CECT era; as a consequence, no clear criteria were
adopted to ascertain the presence of necrosis ant its stratifica-
tion into two categories, i.e. sterile and infected, was lacking;
2) many of the included patients had edematous pancreatitis;
3) the authors utilize ampicillin that subsequent studies showed

Figure 3. Meta-analysis on mortality resulted from data of four
studies of antibiotic prophylaxis in severe acute pancreatitis (see
text for references)
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to be unable to reach pancreatic necrosis. Starting from the 90’
years a less empiric approach was utilised, on the basis of more
precise identification of pancreatic necrosis, stratification of the
disease severity, and deeper knowledge of prognostic relevance
of pancreatic infection. In addition, and utmost important, new
advances in antibiotic pancreatic penetration, especially dur-
ing the acute phase of the disease, became available together
with broad-spectrum antibiotics with documented pancreatic
penetration at therapeutic minimal inhibitory concentration
(MIC). On this context, today we have to talk about the efficacy
factor of a specific antibiotic, that means a ratio between the
bacterial spectrum covered and the pancreatic penetration, at
least in MIC [16-18]. Tab. 3 shows the efficacy factor of several
antibiotics; keeping in mind that the maximum efficacy factor
is 1, fluoroquinolones and imipenem present an efficacy factor
clearly more advantageous than cephalosporin, ureidopenicillin,
and aminoglucosides.

Over the last ten years many studies on antibiotic prophylaxis
in AP have been performed. Some of these are single-centre
studies [12,19-22], others are multicenter studies [23-29], others
are meta-analysis researches [30-32]. Significant advantages on
mortality in treated patients in comparison with controls were
observed in the meta-analysis studies (Fig. 3). In particular, the
recent Cochrane review, updated March 2003, concluded that
there is “strong evidence that intravenous antibiotic prophylac-
tic therapy for 10 to 14 days decreases the risk of superinfection
of pancreatic necrosis (Odds ratio 0.51, p=0.04) and decreases
mortality (Odds ratio 0.32, p=0.02)” [32]. A general consensus
on the usefulness of antibiotic treatment in prophylaxis of
infection of pancreatic necrosis in AP appeared in the recent
literature as national or international recommendations or
guidelines [33-40]— Tab. 4. Nevertheless, some questions on this
topic require additional comments. The first one concerns the
antibiotic of choice. The efficacy factor already discussed shows
that the classes of carbapenems (imipenem, meropenem) and
fluorochinolones (pefloxacin, levofloxacin) represent the best
options. Within these two classes, one study from Bassi and
co-workers [25] showed significant better results on infected
necrosis and extrapancreatic infection rate and lower mortality
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Table 4. International guidelines and recommendations for the
antibiotic prophylaxis in Acute Pancreatitis (Cat.: category of
evidence)

American College of Gastroenterology 1997 [33]
...it is reasonable to initiate antibiotic therapy in severe acute pancreatitis
British Society of Gastroenterology 1998 [34]
...there is some evidence to support the use of prophylactic antibiotics
Santorini Consensus Conference 1999 [35]
...prophylactic antibacterial treatment is strongly recommended in severe
pancreatitis (Cat. A)
Italian Guidelines 1999 [36]
...antibiotic treatment is indicated in severe acute pancreatitis
German Guidelines 2000 [37]
...antibiotic prophylaxis is not generally recommended; indication could be
necrotizing pancreatitis, severe acute pancreatitis (Cat. B)
World Congress Gastroenterology 2002 [38]
...antibiotic prophylaxis is advised in patients with greater 30% necrosis
and imipenem is recommended currently (Cat. A)
Japan Guidelines 2002 [39]
...in severe and possibly severe acute pancreatitis broad-spectrum antibiot-
ics should be used prohylactically (Cat. A)
International Association of Pancreatology 2002 [40]
...the use of prophylactic broad-spectrum antibiotics reduces infection rates
in CT-proven necrotizing pancreatitis (Cat. A)

in patients treated with imipenem (29 cases) in comparison with
the group of patients treated with pefloxacin (27 cases). Our
group have recently published the results of another trial [12]
in which imipenem treatment (2000 mg i.v./day) was compared
with meropenem schedule (1500 mgi.v./day). Considering all
series of patients (176 cases), we found subsequent infection of
necrosis in a percentage of 12% only. This strongly confirms the
opportunity of the antibiotic prophylaxis in these patients. No
difference was observed between patients treated with mero-
penem and those treated with imipenem in terms of incidence
of pancreatic infection, extrapancreatic infection and clinical
outcome — 7ab. 5. Meropenem resulted as effective as imipenem
in preventing septic complications of patients with severe AP;
one advantage resulted from the financial analysis as mero-
penem treatment, at the time of the study, resulted cheaper
than imipenem one [12]. The second question about antibiotic
prophylaxis in AP is related to the duration of treatment. No
doubt exists as regards the opportunity to start the treatment as
soon as possible but the its duration is less clear. In the clinical
practice, treatment period isn’t hardly ever shorter than three or
four weeks, but some patients can require a longer time [35,41].
Another question arising on this topic concerns the possible
occurrence of complications of antibiotic prophylaxis. Gener-
ally speaking, presumptive risk and problems of prophylactic
antibiotic application still remain a controversial issue [42]. One
aspect is related to a change into the bacterial spectrum and to
a selection of resistant strains induced by a prolonged antibiotic
treatment. Resistance of carbapenems was recently reported in
limited series of patients with AP and it yielded a significant
risk factor for a fatal outcome [43]. Another point regards
a presumptive increase of the incidence of fungal infection, in
particular of Candida infection [44,45]. The clinical significance
in terms of severity of this occurrence has been likely overesti-
mated [46]; the recent Cochrane review, updated March 2003
[32], concluded that there is not an increased preponderance
of fungi infection with antibiotics (Odds 0.83, p=0.7). In our

Table 5. Results of a recent randomized trial of our group in
which comparison of prophylactic treatment with meropenem vs
imipenem was performed; all patients (n=176) suffering from
severe necrotizing acute pancreatitis [12]

Meropenem Imipenem
patients (n) 88 88
daily dosage (i.v.) 500 mg x 3 500 mg x 4
Necrosis <30/30-50/>50% 51/25/12 54/21/13
Infection of necrosis 10 (11.4%) 12 (13.6%)
Extrapancreatic sepsis 19 (21.6%) 13 (23.9%)
Multi-organ-failure 6 (6.8%) 8 (9%)
Systemic complications 30 (34.1%) 33 (37.5%)
Local complications 28 (31.8%) 30 (34.1%)
Surgery 15 (17%) 16 (18.1%)
Deaths 12 (13.6%) 10 (11.3%)
Hospitalization (days) 24 (7-90) 23.3 (6-80)

recent experience [12], we did not find fungi in 22 patients with
documented infected pancreatic necrosis, also in 3 of them
with Candida albicans colonization of central venous catheter.
The last point requiring an additional comment on this field is
related to the possibility of the enhancement of the power of
antibiotic treatment by other medications. Olah and co-workers
[47] have recently published the results of a randomised trial
in whom early jejunal feeding combined with prophylactic imi-
penem showed significant better results (in terms of reduction
of the septic complication rate) when compared with parenteral
nutrition plus the same antibiotic regimen in patients with
necrotizing AP. All the same, one can strongly speculate on the
potential role of probiotics coupled with antibiotic prophylaxis
and a randomised large trial on this topic seems to be timely
today [48].

Antibiotic for the treatment
of infected pancreatic necrosis

To the best of our present knowledge the discovery of infec-
tion of pancreatic necrosis in severe AP indicates a surgical
approach as soon as possible; in general this means necrosec-
tomy, debridement and multiple drainage catheters [1,3,5,9].
This option is efficacious and relatively safe but it can result less
feasible in some patients presenting high anesthesiological risk
for advanced age and/or severe co-morbidities [49,50]. On this
context, the rising question could be: can the antibiotic therapy
be curative in pancreatic necrosis already infected? While there
is a general consensus regarding the usefulness of antibiotics for
the prophylaxis in patients with severe AP, the role of antibiotics
in the treatment of infection of pancreatic necrosis represents
a controversial issue. Very few data are available in the litera-
ture [7,32,41] regarding this argument. Nordback and co-work-
ers [22] report a very interesting results in a recent trial on the
utilization of antibiotics (imipenem 3 g/day) for the prophylaxis
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of pancreatic infection. They found a significant reduction of
the pancreatic infection rate in the treated group (8% vs 42%
of the control group ) but, more interesting, 9 out of 14 patients
without prophylaxis who develop an infection were cured with
imipenem without surgical debridement. Our group also made
a favourable experience on this topic. During the period Janu-
ary 1998 — December 2003 we observed 101 patients suffering
from necrotizing AP with a mortality of 12.9% (13 patients). All
patients were treated with prophylactic antibiotic; 24 of them
(23.8%) develop infected necrosis and 20 out of 24 were oper-
ated on. So, four patients because of high anaesthesiological
risk underwent medical treatment only, including three weeks
of imipenem (two patients, 2 g/day i.v.) or meropenem (two
patients, 1.5 g/day iv.) treatment; favourable outcome was
observed and morphological resolution registered in all patients
at various interval time.

Conclusions

Many recent data indicates that patients with necrotizing
AP may benefit from the application of a strict cardio-respira-
tory monitoring, sharp hydroelectrolytic and caloric supple-
mentation and - last but not least — appropriate prophylactic
antibiotic regimen. The usage of antibiotics able to reach the
pancreatic necrosis and to cover the spectrum of bacteria most
frequently involved is becoming a mandatory part of the treat-
ments schedule all over the world. This represents a substantial
step forward in the clinical practice as the overwhelming major-
ity of clinical studies focused on the natural history and outcome
of AP shows that bacterial infection of pancreatic necrosis is the
leading cause of death in patients affected by this demanding
disease.
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