
Introduction 

Acute necrotizing pancreatitis (ANP) is a severe and
life-threatening disease whose prevalence is increasing
nowadays. Necrotizing pancreatitis, which is associated
with an 8 to 39% rate of death, develops in approximately
20% of patients (1). A subgroup of patients with seve-
re acute pancreatitis (SAP) has early severe acute pan-
creatitis or fulminant acute pancreatits with extended pan-
creatic necrosis and organ failure at admission or within
72 hours. Both have a high mortality rate of 25-30 %

(2, 3). The major cause of death, next to early organ fai-
lure, is secondary infection of pancreatic or peripancreatic
necrotic tissue, leading to sepsis and multiple organ fai-
lure (4, 5). Although Atlanta International Symposium
on Acute Pancreatitis (6) overhauls this pathology de-
finition, a worldwide full agreement concerning the the-
rapeutic strategies is still lacking in antibiotic manage-
ment and surgical procedure time-line. Treatment of ne-
crotizing pancreatitis has changed: it is now accepted that
sterile necrosis should be managed conservatively and the
main indication for surgery is infected necrosis and ab-
dominal compartment syndrome (ACS) (7). Infection
is the most feared complication and occurs in about 30%
of patients with necrotizing pancreatits, above all in the
late phase of disease (1, 8). Without radiologic, endo-
scopic or surgical intervention, infected necrosis leads to
death in nearly every patient (9). The so-called “step-up
approach” has introduced in 2006 with the “PANTER”
study that consisted of percutaneous drainage, followed,
if it is necessary, by minimally invasive retroperitoneal
necrosectomy (10). Antibiotic therapy is still discussed
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and there are no clear recommendation (11). The use of
prophylactic antibiotics in SAP is justified by the major
risk of infection in patients with organ failure. Indica-
tion for starting prophylactic antibiotics should be ba-
sed on clinical judgment (12). These case series under-
line the importance of having a clear antibiotic proto-
col, including tigecycline, in the management of ANP.

Clinical series

In our Emergency Surgery Department, tigecycline
was included in the antibiotic protocol for treating six
cases of acute necrotizing pancreatitis. Three male and
three female, with an overall mean age of 62.53 years old,
were admitted to our Department with clinical signs of
severe acute pancreatitis: characteristic abdominal pain,
neutrophil leucocytosis (mean total white blood cells:
15.98x103/mL; mean neutrophil: 14.46x103/mL), pan-
creatic serum enzyme increase (mean amylase: 1214,6
U/l; mean lipase: 1144,6 U/l), fever (mean body tem-
perature 37.5°C), reactive C-proteins increase (mean va-
lues: 26 mg/dl), first signs of systemic inflammation re-
sponse syndrome (SIRS) and/or multi-organ failure/dy-
sfunctions (MOF/MODS). 

All patients underwent thoracic and abdominal
contrast-enhanced computed tomography (CECT) to
assess acute pancreatitis severity; a further CECT scan
was made also after 76-96 hours to check radiological
pathology evolution, useful for further planning of the
treatment strategy, as showed in literature (13) (Figures
1-3). 

During the first 24-48 hours, four of the six patients
were transferred to Intensive Care Unit (ICU) because
of worsening of general clinical conditions and they re-
mained there for a mean time of 19.5 days. Two of them
developed SIRS, three developed MOF and only one acu-
te renal failure. First, big amounts of liquids to restore
fluid and electrolyte balance were given; all patients had
a central venous catheter (CVC) for total parenteral nu-
trition and for checking central venous pressure (CVP). 

Patients were clinically followed and blood tests, in
particular white blood cells and reactive C protein, were
daily monitored. In addition, blood cultures were made

Fig. 1 - 41-years-old man: severe acute pancreatitis CT-scan image. Acute
necrotizing process involves the pancreas with extensive alteration of pan-
creatic structure. There is a wide low density structure of the body and the
head. Pancreatic lodge infarction involves celiac vascular structures and lead
to initial dislocation of the duodenal C.

Fig. 2  - 48-years-old man: severe acute pancreatitis CT-scan image. Acute
pancreatitis characterized by large area of pancreatic swelling (cephalic) whi-
ch is suitable for necrotic process. This is associated with peripancreatic fluid
collections partly embedding vascular branches (celiac district, mesenteric-
portal system) and occupy the para-renal space and the parietocolic lodge.

Fig. 3  - 77-years-old woman: severe acute pancreatitis CT-scan image. Pan-
creatic structure is almost totally changed by necrotic process. Focus on the
fluid, which is spread between the bowel loops.
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in all patients when fever appeared or increased. Admi-
nistration of a broad-spectrum antibiotic therapy (am-
picillin/sulbactam 3g q8hr i.v. or ciprofloxacin 400 mg
q12hr i.v. or levofloxacin 500 mg q12hr i.v. and/or me-
tronidazole 500 mg q6hr i.v.) started not more than 24-
48 hours from hospital admission. Four patients were also
treated with ultrasound -guided percutaneous catheter
drainage of intra- abdominal peripancreatic and pancreatic
fluid collection to solve them and to collect fluid for
further cultures. This invasive technique was taken into
consideration when radiological controls showed the per-
sistence of fluid collections in the pancreatic and peri-
pancreatic lodge, or if this fluid was infected, or if the-
re was infected necrotic tissue. Blood cultures were po-
sitive for Escherichia coli, Staphylococcus epidermidis,
Staphylococcus hominis, Enterococcus faecium. Drai-
ned fluid cultures were positive for Escherichia coli, Aci-
netobacter Baumanii, Staphylococcus epidermidis,
Staphylococcus aureus, Enterococcus faecalis. With the
infectivologist, we planned an antibiotic treatment
strategy that followed the increasing level of surgeon’s ag-
gressiveness in treating acute pancreatitis (Table 1).

As the first step, we administered broad spectrum an-
tibiotics (to control SIRS and sepsis); we reached the se-
cond step if blood cultures were positive and so we ad-
ministered targeted antibiotic; third step was necessary
in case of pancreatic fluid, drained by US-guided per-
cutaneous catheter drainage.  Second line antibiotics treat-
ment was set up with third generation cephalosporins
(ceftriaxone 2 g qd i.v.), carbapenems (imipenem 1 g q8hr
i.v.), aminoglycosides (amikacin 1 g qd i.v.) and pipe-
racillin/tazobactam 4.5 g q8hr i.v. Antibiotic strategy swit-
ched in favour of tigecycline (loading dose 100 mg i.v.
then 50 mg q12hr i.v.) after 7 to 10 days of treatment
failure and in case of associated positive cultural results.
We introduced tigecycline alone, or in association with
antibiotics already in therapy if cultures were sensible or
if clinical conditions got worse or did not change after

a week of conventional antibiotic treatment or whene-
ver there were evidences of intra-abdominal infection.
Tigecycline was administered in conventional dosage (50
mg q12hr i.v.) for a medium period of 10 days. We stric-
tly checked every change in symptoms and laboratory
index during the administration of tigecycline, aware of
the known side effects. Tigecycline antibiotic treatment
would be stopped in case of aggravation of pancreatitis-
related symptoms. Our patients benefited from this kind
of antibiotic strategy that led to a complete resolution
of pancreatitis related intra-abdominal infection. It
was not necessary in any patients to give up with ti-
gecycline treatment. However, antibiotic treatment
could not be separated from ultrasound- guided percu-
taneous drainage, which removed the infected fluid and,
in this way, mitigated sepsis. No one of the six patient
underwent surgery during hospital stay. The mean ho-
spital stay was 44 days. In a six months follow-up all the
patients were alive and in good clinical conditions; one
patient was re-admitted for onset of intestinal fistula sur-
gically treated. Two patients underwent elective cho-
lecystectomy 3 to 6 months after discharge.

Discussion

Patients should be classified as having severe acute pan-
creatitis based on the presence of the persistant systemic
inflammatory response syndrome (SIRS) and/or deve-
loping organ failure. Potential risk factors of acute pan-
creatits severity are: age, serum levels of C-reactive pro-
tein and multi-organ failure onset. It should be stressed
that serum amylase and lipase activities, while important
in the diagnosis of “acute pancreatitis”, are not of any cli-
nical importance in defining the severity of acute pan-
creatitis (6, 14). In acute pancreatitis, multiple organ fai-
lure is a consequence of excessive activation of a syste-
mic inflammatory response cascade (15). Over half of
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TABLE 1 - ANTIBIOTIC TREATMENT STRATEGY. ANTIBIOTIC TREATMENT STRATEGY FOLLOWS THE INCREASING
LEVEL OF SURGEON'S AGGRESSIVENESS IN TREATING ACUTE PANCREATITIS.
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the patients with severe pancreatitis have signs of organ
dysfunction on hospital admission (16) and most of the
organ dysfunctions develops within the first four days
after admission (17). Over half of the deaths occur within
the first week from onset of the disease, and deaths usual-
ly occur within a week after manifestation of MODS (5).

Infection is the most important factor which deter-
mines prognosis and outcome of ANP and it is present
in about 30%  of patients with necrotizing pancreatits,
aboveall in the late phase of disease (1, 8, 18-20). It is
often polymicrobial and involves both aerobic and anae-
robic bacteria (21). Many authors try to prove the ef-
fectiveness of antibiotic prophylaxis in acute pancreati-
tis: a Cochrane Review of Villatoro et al. includes seven
randomised controlled trials (404 patients) in which pan-
creatic necrosis is proven by CT scan. The results still ap-
pear not so clear: intravenous antibiotic prophylaxis is
indeed associated with significantly decreased mortality
in patients with pancreatic necrosis, but there is no si-
gnificant reduction in the rates of infected pancreatic ne-
crosis. Finally, this review states that beta lactam agents
(i.e. imipenem) is associated to a significantly decrease
in pancreatic infection. However, further better designed
studies are needed if the use of antibiotic prophylaxis is
to be recommended (22). 

A more recent review of 2009 states that antibiotic
prophylaxis of SAP does not reduce mortality or protect
against infected necrosis, or leads to surgical interven-
tion (23).

According to the last guidelines about acute pan-
creatitis treatment the intravenous antibiotic prophylaxis
is not recommended for the prevention of infectious com-
plications in acute pancreatitis (grade 1B, strong agree-
ment) (24, 25). Otherwise, in patients with infected ne-
crosis, antibiotics known to penetrate pancreatic necrosis,
such as carbapenems, quinolones, and metronidazole, may
be useful in delaying or sometimes totally avoiding in-
tervention, thus decreasing morbidity and mortality (24).
Some authors declare that imipenem (carbapenems) is
the drug of choice for single-drug prophylaxis in acute
necrotizing pancreatitis (26). However, there are no clear
recommendation: trials have not provided evidence that
prophylactic antibiotic are effective otherwise they have
not proved that they are not effective (11).

Tigecycline is the first member of the glycylcycline
class of antimicrobials. It was approved in June 2005 by
US Food and Drug Administration (FDA) for the treat-
ment of complicated skin and skin-structure infections
(cSSSIs) and complicated intra-abdominal infections cau-
sed by susceptible Gram-positive, Gram-negative and
anaerobic organisms. It has activity towards methicillin-
resistant Staphylococcus aureus, vancomycin-resistant en-
terococci; concerning the intra-abdominal infection, it
is active toward Citrobacter freundii, Enterobacter
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella

pneumoniae, Enterococcus faecalis, Staphylococcus au-
reus, Streptococcus anginosus, Bacteroides fragilis, Bac-
teroides thetaiotaomicron, Bacteroides uniformis, Bac-
teroides vulgatus, Clostridium perfringens, e Pepto-
streptococcus micros. Moreover, it is good in penetra-
ting necrotic pancreatic tissue (27). 

Recently, some authors pay attention on tigecycline-
induced pancreatitis, trying to describe the possible patho-
genesis and some clinical cases about this topic are been
published (28-32). On the other side, McGovern pre-
sented a study that identified hospitalized subjects who
developed pancreatitis in Phase 3 and 4 tigecycline trials:
only 0.24% of 3,788 tigecycline-treated patients deve-
loped pancreatitis. Tigecycline-induced acute pancrea-
titis is still a rare and under study phenomenon and it
is considered an uncommon event, with an occurrence
< of 1% (33). Because of the structural similarity
between tigecycline and tetracycline, it is possible that
the same mechanism for tetracycline-induced pancrea-
titis could be the rationale for the episode of pancreati-
tis. None has clearly explained the exact mechanism of
this reaction. Tetracycline induces hypertriglyceridemia,
which cause pancreatitis (34). Elmore and Rogger hy-
pothesized that tetracycline block protein synthesis by
disrupting the uptake of aminoacyl-transfer RNA on 30S
ribosomal units. This results in accrual of triglycerides
that precipitates an episode of pancreatitis (35). 

Tigecycline is a derivative of tetracycline, and the two
drugs have significant structural similarities, therefore it
is quite plausible that the tigecycline molecule may react
with the 30S ribosomal units, via the mechanism as te-
tracycline molecule, to precipitate an acute episode of
pancreatitis (31). 

High frequency of exposure to other medications as-
sociated with pancreatitis occurred in tigecycline: prior
and concomitant medications should be taken into con-
sideration, but may not discriminate those patients who
will develop pancreatitis (36).  

Conclusions

The management of acute necrotizing pancreatitis is
a challenge for surgeons and needs a multidisciplinary
approach. Surgeon monitors patients’ clinical conditions
and intervenes in case of complications (haemorrhages,
abdominal compartment syndrome, infected necrosis im-
possible to treat with percutaneous drainage) (7).

Collaboration with infectivologist and a clear anti-
biotic protocol, which is taylored to patients’ clinical con-
dition, is fundamental to solve infected necrosis. The an-
tibiotic treatment set up as soon as possibile was successful
in our six patients, as they recovered without undergoing
any surgical procedures. So we agree with Leppäniemi
et al., stating that indication for starting prophylactic an-
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tibiotics should be based on clinical judgment (12).
It is important to search for involved pathogens with

blood and fluids cultures, drained by ultrasound - gui-
ded percutaneous catheters, as antimicrobial treatment
should not be continued without evidence of infection
provided by bacterial growth on culture (1). When such
evidences exist, appropriate antibiotic therapy should be
guided by the result of sensitivity testing in accordance
with critical care guidelines (27). 

Due to the raising of nosocomial bacterial agent re-
sistance to carbepenems antibiotics (37, 38), we try using
tigecycline as an alternative to these.

In our patients, tigecycline has been safe and successful
in treating infected necrotizing pancreatic fluid collec-
tion; the therapeutic success is microbiologically docu-

mented, and patients rapidly improve with the use of ti-
gecycline, with reduction of complications. In literatu-
re, there are evidences about the efficacy of using ti-
gecycline in treating complex intra-abdominal infection
after acute pancreatitis complicated by intra-abdominal
abscess. This is a new drug offering broad coverage and
efficacy against resistant pathogens, and it can be added
to clinical therapeutic arsenal (39). However, large
trials and multicentric studies are still necessary to ful-
ly understand the safety profile and efficacy of tigecycline.   
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