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Pancreatic Infection in Severe Pancreatitis
The Role of Fungus and Multiresistant Organisms
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Hypothesis: Recent controlled clinical studies suggest
a positive effect of early antibiotic treatment on late morbidity and mortality in severe acute pancreatitis. However, widespread use of antibiotics may lead to an increased number of fungal infections and multiresistant
bacteria, thereby worsening the outcome of the disease.
Design: Single-center prospective study.
Setting: University hospital, gastrointestinal surgical

service.
Patients: One hundred three patients with necrotizing
pancreatitis seen consecutively in our service.

Results: Thirty-three patients (32%) had infected ne-

crosis. Gram-negative organisms were isolated from 19
patients (58%), Gram-positive organisms were isolated
from 18 patients (55%), fungal organisms were isolated
from 8 patients (24%), and multiresistant organisms were
isolated from 3 patients (9%). In 7 patients (21%), the
organisms cultured from the pancreatic tissue were resistant to the antibiotics given in for prophylaxis. Infection with multiresistant organisms or organisms resistant to the antibiotic used for prophylaxis, but not with
fungal infection or Gram-positive or Gram-negative infection, was correlated with a negative outcome.
Conclusions: Fungal infection under adequate treat-

Main Outcome Measures: Pancreatic infection, mi-

ment is not associated with a negative outcome. The occurrence of multiresistant organisms seems to be a rare
finding (3 of 103 patients). Antibiotic prophylaxis is effective in preventing infection in necrotizing pancreatitis, but optimal choice and duration of administration of
the antibiotic agent(s) need to be carefully determined
to avoid the sequelae of multiresistant organisms.

crobiological findings, drug resistance, fungal infections.
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Interventions: In addition to standard treatment, pa-

tients with proven necrotizing pancreatitis received a prophylactic intravenous antibiotic treatment. Pancreatic infection was regarded as an indication for surgery.

S

From the Department of
Visceral and Transplantation
Surgery, University of Bern,
Bern, Switzerland.

EVERE ACUTE pancreatitis is
still a life-threatening disease. Most advances in the
management of severe acute
pancreatitis have arisen from
general improvements in intensive care
and organ system support.1,2 Septic complications occurring after the first 10 to 14
days of the disease are the most frequent
cause of death in patients with pancreatic necrosis.3-5 Thus, infection of pancreatic or peripancreatic tissue is recognized
as the single most important determinant
of morbidity and mortality associated with
severe necrotizing pancreatitis.4,6-8 During the natural course of acute pancreatitis, bacterial infection is reported to develop in 40% to 70% of all patients with
necrotizing disease.9-11 Therefore, special
interest has been focused on prophylactic administration of antibiotics, based on
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the hypothesis that reduction of late pancreatic infection will decrease morbidity
and mortality. Early studies on prophylactic intravenous antibiotic treatment
failed to show any favorable effect on the
outcome of patients with acute pancreatitis, either because patients with mild disease were included or ineffective antibiotic regimens were used.12-14 On the other
hand, recent controlled clinical studies
support the use of early antibiotic treatment in patients with severe disease.15-19
A meta-analysis of these studies showed
a positive benefit for antibiotics in reducing mortality when broad-spectrum antibiotics with proven pancreatic tissue penetration were used.20 Hence, routine early
antibiotic treatment in all patients with
necrotizing acute pancreatitis was recommended.21 However, widespread use of antibiotics may lead to an increased num-
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PATIENTS AND METHODS
Between January 1994 and May 2000, 254 consecutive patients with acute pancreatitis were seen at the Department
of Visceral and Transplantation Surgery at the University
of Bern, Bern, Switzerland. Of those, 151 and 103 patients
suffered from mild edematous and acute necrotizing pancreatitis, respectively. Only the latter group will be discussed in this article because at our institution these patients routinely receive antibiotic prophylaxis. Inclusion
criteria were an elevation of the serum amylase level to more
than 3 times the upper normal limit, a typical clinical picture22 including abdominal pain,23 and the appearance of
pancreatic and/or extrapancreatic necrosis24 on contrastenhanced computed tomography (CT) together with a serum C-reactive protein value of more than 150 mg/L.25 Computed tomography was performed within 48 to 96 hours
of admission and was repeated weekly in patients whose
clinical condition did not improve. On admission, all patients were treated medically according to generally accepted principles consisting of withholding oral intake, providing pain relief, and restoring fluid and electrolyte losses
intravenously.26 If vomiting had been a prominent part of
the clinical picture, a nasogastric tube was inserted. A proton pump inhibitor was given to prevent stress ulcers, and
low-molecular-weight heparin (3000 U/d) was given to prevent thrombosis. Pain relief included the use of peridural
anesthesia and/or intravenous narcotic analgesics. Clinical severity staging of acute pancreatitis was carried out
using the Ranson prognostic signs and the Acute Physiology and Chronic Health Evaluation II (APACHE II) scoring system. Initially, patients were hospitalized in an intermediate care unit or, in case of organ failure, in the
intensive care unit. In all patients antibiotic treatment was
applied soon (#4 hours) after CT findings of necrosis. In
Bern we used imipenem/cilastatine (3-4 doses of 500 mg/d,
intravenously) according to the study protocol. In some

ber of multiresistant bacterial and fungal infections,
thereby worsening the course of the disease and the outcome. In this study, we report microbiological findings
in patients who received prophylactic antibiotic treatment and analyze the influence of antibiotic treatment
on the time point of infection, the type of organisms cultured from these patients, and the patient’s outcome.
RESULTS

One hundred three patients had necrotizing pancreatitis
according to CT findings and C-reactive protein levels and
were included in this study. Sixty-four (62%) of them were
men and 39 (38%) were women. The mean age was 56.8
years (range, 28-87 years). The cause of the pancreatitis
was biliary in 47 patients (46%), alcoholism in 35 patients (34%), and another cause or undefined in 21 patients (20%). There was no difference in age or cause of
pancreatitis between survivors and nonsurvivors.
Starting between days 2 and 4 after onset of symptoms, patients received a prophylactic antibiotic treatment for a median of 14 days (range, 4-23 days). Necrotic tissue remained sterile for organisms in 70 patients
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patients initially cared for in other hospitals, other antibiotic substances were prescribed.
Fine-needle aspiration guided by CT with Gram stain
and microbiological culture was carried out if pancreatic infection was clinically suspected. Newly developed signs of
metabolic disorders and deterioration of lung, kidney, or the
circulatory system and/or a newly developed rise in the number of blood leukocytes and/or fever (temperature .38.5°C)
after an initial response to conservative treatment were reasons for performing fine-needle aspiration. Necrotizing pancreatitits as proven by fine-needle aspiration was regarded as
an indication for surgical treatment and resulted in operative intervention (necrosectomy and continuous postoperative lavage of the necrotic cavities) within 24 hours. Intraoperatively, smears for microbiological culture were taken
($2) from the area of pancreatic necrosis as well as from the
adjacent necrotic cavities in the retroperitoneum. Postoperative antibiotic treatment, including antimycotic treatment, was
adapted according to the bacteriological findings and microbiological testing of resistance.
Patients without signs of pancreatic infection were
treated nonoperatively.
Microbiological studies were performed by the microbiology laboratory of the University of Bern according
to standard clinical practice.
All data were collected prospectively and entered into a
statistical package program (SPSS Statistical Software, Chicago, Ill) on a personal computer. Differences were analyzed using the Fisher exact test or x2 test where appropriate. Quantitative variables were analyzed using the Wilcoxon
test. A total of 12 factors potentially influencing outcome (time
of infection, Gram-positive infection, Gram-negative infection, multiresistant organisms, resistance to antibiotic prophylaxis, duration of antibiotic treatment, secondary infection, APACHE II and Ranson score, preoperative intensive
care unit treatment, preoperative ventilation, and parenteral
nutrition) were analyzed using a log-rank test. P,.05 was
considered statistically significant.

(68%). In the remainder (33 patients [32%]), infection
occurred after a median of 26 days (range, 10-49 days)
after onset of symptoms. Patients received a median of 2
antibiotic drugs (range, 2-5 drugs) either simultaneously or subsequently. The different prophylactic antibiotic treatments used in patients with necrotizing pancreatitis are listed in Table 1.
Pancreatic infection was polymicrobial in 19 patients (58%) and monomicrobial in 14 (42%) with a total of 61 positive cultures. Gram-negative organisms were
identified in 19 patients (58%), Gram-positive organisms in 18 (55%), and fungal organisms in 8 (24%).
PATIENTS WITH COMPLICATED
PANCREATIC INFECTION
Twenty-three patients (70%) were transferred to our institution from other hospitals, including 2 patients who
were transferred from abroad. One of the latter was infected with a methicillin-resistant Staphylococcus aureus
and finally died of septic multiorgan failure. Overall, multiresistant organisms were found in 3 (9%) of the patients with infection (n = 33) and in 3% of all patients
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Table 1. Antibiotics Administered for Prophylaxis
in 103 Patients With Necrotizing Pancreatitis*
Antibiotic

Table 3. Characteristics of 8 Patients With Fungal
Infection of Pancreatic Necrosis vs 25 Patients
With Bacterial Infection Only*

No. (%) of Patients

Imipenem/cilastatin only
Imipenem/cilastatin in combination
with or followed by another antibiotic substance
Other antibiotic substances (referral patients)

53 (51)
44 (43)
6 (6)

*In those patients with infected necrosis only antibiotics given for
prophylaxis are listed. A total of 12 different antibiotics were prescribed.
Of 103 patients, 97 (94%) received imipenem/cilastatin.

Table 2. Summary of Nonsurvivors and All Patients
With Complicated Pancreatic Infection Caused
by Resistant Organisms or Fungus

Patient
No.
2
3
5
7
9
13
15
16
17
18
22
24
26
29
31
33
Total

Organism Resistant
to Antibiotic
Prophylaxis

Multiresistant
Organism

Fungal
Infection
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Death

Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

7

3

8

Yes
7

receiving antibiotics (n=103). All 3 patients with multiresistant organisms were infected with Gram-positive
bacteria (methicillin-resistant S aureus, n = 2; multiresistant coagulase-negative Staphylococcus, n=1). These
3 patients each were treated with 3 different antibiotics
for 15, 23, and 25 days, respectively. Two of them died.
In 7 patients (21%), including the 3 infected with multiresistant organisms, the organisms cultured from the pancreatic tissue harvested during surgery were resistant to the antibiotic substance given previously for prophylaxis. Three of those 7 patients with such resistant organisms died. Univariate analysis revealed infection with
multiresistant organisms and organisms resistant to the
antibiotic prophylaxis as significant risk factors for a
fatal outcome (P=.02 and P=.007, respectively; Fisher exact test). Table 2 provides an overview of nonsurvivors and patients with complicated pancreatic infection
caused by organisms resistant to the antibiotic prophylaxis, multiresistant organisms, or fungal infection.
In 2 patients, extrapancreatic Candida infection (one
in the urine and one in the tracheobroncheal lavage fluid)
was diagnosed before pancreatic infection was demonstrated, and was treated with fluconazole for 5 and 10
days, respectively. Nevertheless, in both these patients
and 6 other patients, pancreatic necrotic tissue har(REPRINTED) ARCH SURG/ VOL 136, MAY 2001
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Male
Female
Biliary pancreatitis
Post-ERCP pancreatitis
Alcohol-induced pancreatitis
Other or unknown etiology
Total parenteral nutrition
Antibiotic treatment for ,7 d
Antibiotic treatment for 7-14 d
Antibiotic treatment for .14 d
Necrosis of .50% of the gland
Mortality
APACHE II score during first
week of the disease (range)
Mean ± SEM preoperative
ICU stay, d
Mean ± SEM preoperative
mechanical ventilation, d

Fungal Infection
(n = 8)

Bacterial Infection
(n = 25)

3 (37)
5 (63)
5 (63)
0
1 (12)
2 (25)
4 (50)
0
3 (37)
5 (63)
8 (100)
2 (25)
12.7 (7-21)

18 (72)
7 (28)
15 (60)
1 (4)
8 (32)
1 (4)
16 (56)
5 (20)
8 (32)
12 (48)
18 (72)
5 (20)
11.8 (6-22)

27.6 ± 17.9

16 ± 14.8

18.5 ± 17.9

11 ± 9

*Data are presented as number (percentage) unless otherwise indicated.
ERCP indicates endoscopic retrograde cholangiopancreatography; APACHE II,
Acute Physiology and Chronic Health Evaluation II; and ICU, intensive care unit.
None of the characteristics or parameters was statistically different between the
2 groups.

vested during surgery was found to be infected with Candida species. Patient characteristics and risk factors for
fungal infection of these 8 patients are listed in Table 3.
Fungal infection was not correlated with a negative outcome (P =.13; Fisher exact test).
Infection of the necrotic tissue with organisms (bacteria or fungus) previously cultured from sites other than
the pancreas occurred in 14 patients (2 fungal and 12 bacterial infections) with infected necrosis (14/33; 42%). These
organisms were isolated between 2 and 10 days prior to
the diagnosis of pancreatic infection and they were the same
as the ones grown later from the pancreas. The primary
source was the bile in 7 patients, the tracheal mucosa in 3,
venous catheters in 2, the urinary tract in 1, and both the
tracheal mucosa and the urinary tract in 1. Four of the 12
patients with a bacterial infection are included in the 7 patients infected with organisms resistant to the prophylactic antibiotic. Endoscopic retrograde cholangiopancreatography (ERCP) (always with administration of an
antibiotic prophylaxis) was performed in all patients with
a biliary cause for their pancreatitits (n=47) and in 31 patients with a cause other than gallstones. Of the 33 patients with infected necrosis, 20 (61%) had undergone an
ERCP procedure. Five of the 7 patients with a biliary origin of the (subsequent) pancreatic infection had a previous ERCP. These 5 were not different from the remaining
15 in terms of organisms cultured from the pancreatic tissue, extent of necrosis, and interval between onset of symptoms and occurrence of pancreatic infection. None of the
33 patients with infected necrosis had post-ERCP pancreatitis. For all patients undergoing ERCP, the procedure was
done for treatment of already established pancreatitis.
Overall mortality was 9% (9/103). The mortality rate
in patients with infected necrosis was 21% (7/33).
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COMMENT

The patterns of morbidity and mortality in acute necrotizing pancreatitis have changed during the last 2 decades. Except for a minority of early fatalities due to socalled fulminant acute pancreatitis, most deaths today occur
after the first 7 to 10 days owing to infective complications, particularly infected necrotic tissue.4,27-31 Therefore, antibiotic treatment aimed at preventing or delaying
the onset of infection of necrotic tissue seems to be a major step forward in the management of these severely ill
patients. Indeed, results of contemporary randomized clinical trials restricted to patients with severe acute pancreatitis have demonstrated improvement in outcome associated with antibiotic treatment.20,21 The other side of the
coin, however, is the fact that routine antibiotic treatment is expensive and may be associated with an increased risk of fungal infections or the selection of multiresistant organisms. In the present study, we found a
predominance of polymicrobial infections and this is in
accordance with other studies.3,32-34 Gram-negative and
Gram-positive species were found in 19 and 18 patients,
respectively, indicating an increase of Gram-positive germs
(mainly enterococci and staphylococci) as compared with
studies from the 1980s, when patients did not receive prophylactic antibiotic treatment.9-11 This was documented in
a previous report from our institution6 and in an Italian study
by Bassi et al.15 They found 8 Gram-negative and 6 Grampositive isolates in 13 patients with infected necrosis after
14 days of antibiotic treatment.15 In contrast to these results, Luiten et al35 did not see a shift toward more Grampositive infections after selective gut decontamination combined with short-term intravenous antibiotic treatment.
The infection rate in our study was 32%. Of note is
the fact that 26 (79%) of those with infected necrosis had
extended necrosis; ie, necrosis of more than 50% of the
gland, which has been identified by others to be a risk
factor for infection.36,37 In patients who did not receive
antibiotic prophylaxis, infection rates as low as 40% and
as high as 76% have been reported.9-11,38 Also, in more
recent studies, infection rates varied widely between 30%
and 58% in control patients and between 0% and 61%
in patients receiving antibiotic prophylaxis.16-19,34 Ho and
Frey38 reported an infection rate of 27% in a group of 50
patients receiving imipenem/cilastatin for 4 weeks.
Another important finding in our study is the fact that
infection occurred as late as 26 days after onset of symptoms. Taking into account that antibiotic treatment was
started 2 to 4 days after onset of symptoms and that antibiotics were given for a median of 14 days, patients were
without antibiotic treatment for 8 to 10 days before infection was diagnosed. This may be one explanation why in
as many as 26 patients (79%) the bacteria cultured from
the necrotic tissue were susceptible to the antibiotic substance given initially as prophylaxis. However, statistical
analysis revealed resistance to antibiotic prophylaxis was
an independent risk factor for a fatal outcome.
Among the 7 patients who died, 2 died of infection
with multiresistant organisms. Multiresistance was a rare
finding in this study. However, once infection with multiresistant organisms occurred (n = 3), the mortality rate
was 67% (2/3). Accordingly, looking at all patients with
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necrotizing pancreatitis, infection with multiresistant organisms was another negative risk factor. Because there
were only 3 patients with multiresistant organisms, we
omitted further statistical analysis. Nevertheless, it needs
to be mentioned that they all were treated with prophylactic antibiotics for more than 2 weeks with 3 different
drugs, a pattern that is known to bear an increased risk
for the selection of multiresistant organisms.
Fungal infection of pancreatic necrosis was found in
less than 10% of all patients who did not receive antibiotic prophylaxis.9,10 Today, several risk factors for fungal
infection, such as routine use of antibiotics, long-term central venous access for parenteral nutrition, and prolonged intensive care treatment, all seem to contribute to
the increase in the prevalence of fungal infection. However, as seen in Table 3, none of the listed risk factors was
significantly associated with fungal infection. Overall, we
found a 24% infection rate for fungal infection and univariate analysis showed no correlation with outcome.
Hoerauf et al39 diagnosed 13 fungal infections in their retrospective series of 37 patients and Candida infection was
found to be an independent risk factor for mortality if not
treated adequately. Bassi et al15 found 4 Candida isolates
in their controlled study of 13 patients treated with imipenem or pefloxacin. On the other hand, Grewe et al,40 in
a group of 57 patients with necrotizing pancreatitis, found
an incidence of fungal infections of only 12%, despite the
fact that their patients had been treated with a mean of 4
different antibiotics for a mean of 23 days.
The microbiological profile (predominantly Enterobacteriaceae) of infected pancreatic necrosis in patients
who did not receive antibiotic prophylaxis suggests an
enteric source. Our study confirms that routine antibiotic treatment effectively suppresses and delays the transfer from bacteria from the gut, thereby leading to a relative increase of extra-enteric pancreatic infections. Indeed,
42% of the infections in our patients presumably did not
originate from the gut but from infected venous catheters (n=2), the urinary tract (n=2), the tracheal mucosa (n=3), or the biliary system (n=7). Others have previously documented these same sources of organisms and
routes of spread of bacteria in experimental acute pancreatitis.41,42 Such “secondary” (hospital-acquired) infections are very difficult to suppress and are well known
in critically ill patients.
In summary, the contemporary literature provides
convincing evidence that early antibiotic prophylaxis is
beneficial and this should form part of the standard treatment of patients identified as having severe acute pancreatitis.2,20,21 However, several issues remain that have
not been addressed by any controlled study.43 The proper
duration of prophylactic antibiotic treatment remains unknown. The selection of multiresistant (Gram-positive)
organisms and fungal infections is always an issue, and
this is more likely when antibiotics are given for longer
periods. Since there is evidence that the incidence of
Gram-positive and fungal infections increases with routine antibiotic prophylaxis, substances that specifically
deal with these organisms may need to be added to the
prophylactic treatment.44 These issues need to be carefully controlled to prevent a major setback in the treatment of severe necrotizing pancreatitis.
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6. Büchler MW, Gloor B, Müller CA, et al. Acute necrotizing pancreatitis: treatment
strategy according to the status of infection. Ann Surg. 2000;232:619-626.
7. Hotz HG, Reber HA. Acute pancreatitis. Curr Opin Gastroenterol. 1999;15:392397.
8. Ratschko M, Fenner T, Lankisch PG. The role of antibiotic prophylaxis in the treatment of acute pancreatitis. Gastroenterol Clin North Am. 1999;28:641-659.
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