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    Chapter 39   
 Antibiotic Prophylaxis for Acute 
Necrotizing Pancreatitis                     

       Brodie     Parent      and     E.     Patchen     Dellinger    

    Abstract     In patients with severe acute pancreatitis complicated by pancreatic 
parenchymal necrosis, one of the feared complications is infected pancreatic necro-
sis and/or infected peripancreatic tissue. Because of this concern many patients with 
severe pancreatitis have been treated with prophylactic antibiotics in an attempt to 
prevent this complication, and one early open label trial in 1993 appeared to show 
benefi t for this approach. Since that time multiple additional studies have been car-
ried out, and review of these trials fails to demonstrate any reduction in infectious 
complications or the need for operative intervention when prophylactic antibiotics 
are used. An analysis of trials comparing prophylactic antibiotics with placebo 
shows that the highest quality studies (rigorous blinding, placebo protocols, inclu-
sion only of severe disease, detailed patient fl ow descriptions) uniformly fail to 
show benefi t for prophylaxis. 

 Patients with severe acute pancreatitis or necrotizing pancreatitis should not 
receive prophylactic antibiotics, but they should be carefully observed in order to 
facilitate early diagnosis and specifi c treatment if infection occurs. This is facili-
tated by fi ne needle, CT-guided aspiration of suspicious areas. This is an accurate 
and safe mechanism for determining the presence of infection and identifying the 
responsible organisms.  
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      Introduction 

 Acute pancreatitis has a wide range of clinical severity, potential complications and 
 outcomes  . Approximately 80 % of patients have mild disease with a relatively quick 
recovery. Mild pancreatitis patients do not require antibiotic treatment and generally 
discharge from the hospital within 1 week. However, 15–20 % of patients develop 
severe  acute pancreatitis   (SAP) and necrosis of peri-pancreatic tissue or of the paren-
chyma itself [ 1 – 3 ]. Those patients with necrosis of >30 % of the gland demonstrated by 
contrast enhanced  CT   scan are at high risk of developing infected necrosis; overall, 
15–35 % of patients with SAP develop infected  pancreatic necrosis  , typically in the 
second to fourth week of hospitalization [ 1 ,  2 ,  4 ,  5 ]. If the necrosis becomes infected, 
this increases systemic complications, raises rates of multiple organ failure, and increases 
the overall SAP  mortality   rate from 10 % to 30–40 % [ 2 ,  6 ,  7 ]. Organisms from the 
gastrointestinal tract are the most common causative agents and include  Escherichia 
coli ,  Pseudomonas aeruginosa , Clostridium species, Bacteroides species, enterococci, 
Klebsiella species, Proteus species and Enterobacter species [ 2 ,  5 ,  7 ,  8 ]. Gram positive, 
drug-resistant and fungal organisms are also becoming more common [ 1 ,  9 – 11 ]. 

 Making the  diagnosis   of infected  pancreatic necrosis   can be diffi cult. Patients 
with SAP and pancreatic necrosis almost always present with an impressive sys-
temic infl ammatory response syndrome (SIRS) with tachypnea, tachycardia, fever 
and leukocytosis. This initial clinical presentation is similar to one resulting from an 
underlying infection (sepsis), regardless of whether sterile necrosis or infected 
necrosis is present. Although this goes against the intuition of the treating physi-
cian, clinical parameters in SAP patients do not reliably distinguish between 
infected versus sterile necrosis [ 12 – 14 ]. 

 In the face of clinical uncertainty and the potential for high  mortality   with 
infected necrosis, treating clinicians have often initiated early broad-spectrum anti-
microbial prophylaxis for patients with SAP. The rationale is clear: one can surmise 
that prophylactic antibiotics in these critically-ill patients would reduce the inci-
dence of infected necrosis and improve patient  morbidity   and mortality. Myriad 
trials and meta-analyses spanning the past four decades have attempted to show this 
anticipated benefi t, but the published data have led to mixed and sometimes directly 
contradictory conclusions. 

 Our aim in this chapter is to determine if antibiotic prophylaxis benefi ts patients 
with severe  acute pancreatitis   (SAP). We will address the apparent impact of antibiotic 
prophylaxis on the incidence of infected necrosis, septic complications, length of stay, 
need for operative intervention,  mortality   and emerging antibiotic resistance.  

    Search Strategy 

 Using the  PICO   format (Table  39.1 ), a literature search using the PubMed database 
was performed to survey available published data on  acute pancreatitis   and antibi-
otic prophylaxis. Results were limited to English-language publications, human 
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studies only, with publication range from 1993 to August 2014. Exceptions were 
made for publications prior to 1993 if they were widely referenced studies. Search 
terms were as follows: “antibiotic prophylaxis,” “antibiotics,” “antibacterial agent,” 
“antifungal agent,” “antibiotic resistance,” AND (“acute necrotizing pancreatitis” 
OR “acute pancreatitis” OR “necrotizing pancreatitis” OR “severe acute 
pancreatitis”).

   We performed a validation of our search strategy using the bibliographies from 
several recent review articles and meta-analyses [ 1 ,  3 ,  15 ,  16 ]. A search of pub-
lished literature from 1993 to 2009 was performed using the terms: “antibiotics,” 
“antibiotic prophylaxis” AND (“ acute pancreatitis  ” OR “necrotizing pancreatitis”). 
This strategy returned all but 3 of 43 relevant studies in the reference list by Wittau 
et al., all but 3 of 40 in Howard et al., all but 2 of 28 in Jiang et al., and all but 1 of 
45 relevant references cited by De Waele et al. These unique references were 
included in our review. 

 Studies were excluded if they were case reports only or if they were studies 
devoted primarily to surgical decision making/surgical technique. Studies were also 
excluded if they primarily addressed regional arterial infusion of antibiotics or 
selective gastrointestinal decontamination.  

    Results 

    Early Studies: Prophylaxis and Decreased Infected Necrosis 

 Two randomized trials in 1975 by Howes et al. [ 17 ] and Finch et al. [ 18 ] (Tables  39.2  
and  39.3 ) fi rst assessed the effi cacy of prophylactic ampicillin in  acute pancreatitis  . 
Both papers conclude that there was no difference in clinical  outcomes   between 
groups who received prophylaxis versus no prophylaxis. However, these initial 
studies have several limitations. Both included very mild cases of pancreatitis in 
their study populations, which introduced considerable heterogeneity in the study 
groups. Moreover, the rate of  pancreatic necrosis   and subsequent pancreatic infec-
tions was so low in the study groups that both papers were underpowered to detect 
a difference in treatments (high probability of a type II error).

    In 1993, Pederzoli et al. [ 19 ] completed a randomized multicenter trial which 
compared imipenem prophylaxis versus no antibiotic treatment in  acute pancreatitis   

   Table 39.1    ‘ PICO  ’ literature search strategy for antibiotic prophylaxis in severe  acute pancreatitis     

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with severe 
 acute pancreatitis   
(inclusive of those 
with pancreatic and 
peri- pancreatic 
necrosis)   

 Antibiotic 
prophylaxis 

 No prophylaxis/placebo  Incidence of infected 
necrosis, septic 
complications,  mortality,   
need for operative 
intervention, length of 
stay, antibiotic resistance 
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(n = 74). The authors reported an impressive 18 % decrease in the incidence of pan-
creatic sepsis with the use of prophylactic antibiotics. However, they were unable to 
show a difference in ultimate clinical endpoints like organ failure rates, operative 
rates, or  mortality  . Moreover, this study had several methodological fl aws, most 
signifi cant of which is the lack of any blinding. Lack of blinding is particularly 
problematic for pancreatitis studies because of historically ambiguous criteria for 
diagnosing patients with infection vs sepsis vs SIRS (as previously discussed). In 
addition, un-blinded studies may create a tendency to initiate more off-protocol 
antibiotics in control patients, leading to crossover between study arms [ 20 ]. Other 
methodological limitations in this study include the lack of a placebo, a heteroge-
neous study sample (varying severity pancreatitis patients were included), unbal-
anced study arms, and lack of any comments on patient recruitment/study fl ow. 

 Subsequent trials published in the 1990s concluded that pancreatic infections 
were reduced with prophylactic antimicrobials, but these studies were similarly lim-

       Table 39.2    Characteristics of studies on antibiotic prophylaxis in severe  acute pancreatitis  , with 
grading of evidence   

 Author (year)  Inclusion criteria  n  Study type 

 Quality of 
evidence 
( GRADE)   

 Finch (1975)  AP, amylase >160  58  RCT  Low 
 Howes (1975)  AP, amylase >160  95  RCT  Low 
 Pederzoli (1993)  SAP, PN  74  RCT  Low 
 Sainio (1995)  SAP, PN, CRP >120  60  RCT  Low 
 Declenserie (1996)  AP, ≥2 fl uid colle ctions on CT    23  RCT  Low 
 Bassi (1998) a   SAP, PN >50 %, CRP >100  60  RT  Low 
 Nordback (2001) b   AP, PN, CRP >150  58  RCT  Low 
 Manes (2003) a   SAP, PN, CRP >120  176  RT  Low 
 Isenmann (2004)  SAP, PN, CRP >150  114  DB-PC- RCT  High 
 Manes (2006) b   AP  59  RCT  Low 
 Dellinger (2007)  SAP, PN >30 %, CRP >120 or 

Balthazar E, MOD score >2 
 100  DB-PC- RCT  High 

 Rokke (2007)  SAP, CRP >120 at 24 h or CRP 
>200 at 48 h 

 73  RCT  Low 

 Garcia-Barrasa (2009)  SAP, PN  41  DB-PC- RCT  Moderate 
 Xue (2009)  SAP, PN >30 %  56  RCT  Low 
 Ignatavicius (2012)  SAP, CRP >120  210  NRPC  Low 

   AP   acute pancreatitis  ,  CRP  C-reactive protein,  DB-PC-RCT  double-blind, placebo-controlled, ran-
domized controlled trial,  MOD  multiple organ dysfunction,  NRPC  non-randomized prospective 
cohort;  PN   pancreatic necrosis   (visualized on  computed tomography   scan),  RCT  randomized con-
trolled trial,  RT  randomized trial,  SAP  severe acute pancreatitis 
  a Control groups in both these studies received imipenem, making comparison to other studies dif-
fi cult. These studies’ controls were compared to groups who received different antibiotics 
  b Control groups in both these studies were also given the designated intervention arm antibiotics 
later in the study, making comparisons to the other studies diffi cult. These two studies primarily 
evaluated antibiotics given early (intervention) vs late (control)  
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ited methodologically. Limitations included heterogeneous severity of pancreatitis 
in study groups, lack of blinding, lack of placebo, low samples sizes (underpowered 
analyses), and frequent changes in antibiotic regimens in both intervention and con-
trol arms. Moreover, although many of these studies showed decreased pancreatic 
infections and systemic infections with prophylaxis, they failed to show any differ-
ence in observed  mortality   or the need for operations [ 21 – 28 ] (Tables  39.2  and 
 39.3 ). Notable exceptions include studies by Sainio et al. [ 22 ] and Nordback, et al. 
[ 23 ], who respectively noted a signifi cant mortality benefi t and a reduced operative 
rate in prophylaxis groups. However, both of these studies chose unique methods 
for defi ning pancreatic infection, and one study used only clinical parameters to 
defi ne pancreatic infection (which we have previously described as inherently inac-
curate). Finally, it is noteworthy that none of the aforementioned studies docu-
mented detailed methods of nutrition for sample populations. The use of  enteral 
nutrition   in pancreatitis studies is a highly signifi cant potential confounding factor, 
given its demonstrated signifi cant benefi ts for patients with SAP in terms of 
decreased systemic infections, need for operations, multiple organ failure and death 
[ 2 ,  6 ,  29 ,  30 ]. 

    Recent Randomized Trials: Prophylaxis Reconsidered 

 Three more recent double-blinded placebo-controlled, randomized controlled trials 
(DBPCRCT) avoided several of the aforementioned methodological limitations and 
represent the highest quality evidence yet published. In the fi rst double-blinded 
study in 2004, Isenmann et al. [ 31 ] (Tables  39.2  and  39.3 ) enrolled 114 pts with 
SAP and randomized them into two groups (metronidazole and ciprofl oxacin versus 
placebo). No signifi cant differences were noted in  mortality  , need for operations, 
length of stay or infected necrosis. Subgroup analysis of those with confi rmed  pan-
creatic necrosis   >30 % (those deemed at higher risk of pancreatic infection) also 
showed no differences between groups. Notably, 46 % in placebo group required 
conversion to  open   antibiotic treatment due to systemic and septic complications, 
compared with just 28 % of patients in the intervention group. The next DBPCRCT 
was performed in 2007 by Dellinger et al. [ 5 ] and included 100 patients who had 
necrotizing SAP. Patients received either meropenem or placebo, and after 42 days 
follow-up, groups showed similar rates of mortality, infection and need for opera-
tive intervention. The authors concluded that the data do not support early prophy-
lactic antibiotics in SAP. Finally, in 2009, Garcia-Barrasa et al. [ 32 ] performed a 
DBPCRCT in 41 patients diagnosed with SAP who had a  CT   scan showing evi-
dence of pancreatic necrosis. No signifi cant differences between groups were found 
for infected pancreatic necrosis, mortality, systemic complications, need for opera-
tions or length of stay. Of note, due to limitations inherent to this study’s design 
(described below), the authors stated that no conclusions could be drawn regarding 
effi cacy of prophylactic antibiotics in SAP. 

 These three DBPCRCTs have methodological strengths that are worth review-
ing, but they also contain several limitations. Notable strengths of these studies 
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     Table 39.3    Studies on antibiotic prophylaxis in severe  acute pancreatitis  , with comparison of 
clinical  outcomes     

 Author 
(year) 

 Infected necrosis  Septic/systemic complications a   Mortality 

 Intervention  Control  p-value  Intervention  Control  p-value  Intervention  Control  p-value 

 Finch 
(1975) 

 na  na  na  19 %  18 %  na  3 %  0 %  na 

 Howes 
(1975) 

 4 %  2 %  na  10 %  13 %  na  0 %  0 %  na 

 Pederzoli 
(1993) 

 12 %  30 %  0.01  15 %  49 %  <0.01  3 %  4 %  na 

 Sainio 
(1995) 

 15 %  20 %  na  50 %  90 %  0.01  2 %  12 %  0.03 

 Declenserie 
(1996) 

 0 %  30 %  0.03  58 %  0 %  0.03  9 %  25 %  NS 

 Bassi 
(1998) b  

 34 %  10 %  0.03  44 %  20 %  0.06  24 %  10 %  0.18 

 Nordback 
(2001) c  

 8 %  42 %  0.03  20 %  30 %  NS  8 %  15 %  NS 

 Manes 
(2003) b  

 11 %  14 %  na  22 %  24 %  na  14 %  11 %  na 

 Isenmann 
(2004) 

 12 %  9 %  0.58  28 %  46 %  na  5 %  7 %  na 

 Manes 
(2006) c  

 13 %  31 %  0.10  17 %  45 %  <0.05  10 %  10 %  NS 

 Dellinger 
(2007) 

 23 %  15 %  0.39  32 %  48 %  <0.2  20 %  18 %  0.97 

 Rokke 
(2007) 

 8 %  19 %  0.01  14 %  43 %  0.04  8 %  11 %  NS 

 Garcia- 
Barrasa 
(2009) 

 36 %  42 %  0.70  27 %  42 %  0.30  18 %  11 %  0.60 

 Xue (2009)  28 %  27 %  NS  62 %  55 %  NS  10 %  15 %  NS 

 Ignatavicius 
(2012) 

 9 %  7 %  0.79  13 %  11 %  0.83  13 %  20 %  0.19 

   ICU  intensive care unit,  LOS  length of stay,  NA  not available,  NS  not signifi cant,  RO  resistant 
organisms 
  a Septic/systemic complications include incidence rates of nosocomial infections, newly developed 
SIRS or sepsis 
  b Control groups in both these studies received imipenem, making comparison to other studies dif-
fi cult. These studies’ controls were compared to groups who received different antibiotics 
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 Need for operation  Mean ICU/hospital LOS (days)  Antibiotic resistance 

 Intervention  Control  p-value  Intervention  Control  p-value  Intervention  Control  p-value 

 3 %  0 %  na  na, 10.4  na, 11.3  na  na  na  na 

 4 %  2 %  na  na, 9  na, 12  NS  na  na  na 

 12 %  11 %  na  na  na  na  na  na  na 

 12 %  23 %  0.01  33, 12  43, 23  0.24, 
0.06 

 na  na  na 

 0 %  25 %  na  na, 22  na, 27.8  NS  na  na  na 

 na  na  na  na, 31  na, 29  na  na  na  na 

 8 %  36 %  NS  8, 20  8,20  na  na  na  na 

 17 %  18 %  na  na, 24  na, 23  na  na  na  na 

 17 %  11 %  na  8,21  6,18  na  18 RO  6RO  <.001 

 12 %  38 %  <0.05  na,18.5  na,29.6  <0.01  4 RO  3RO  na 

 26 %  20 %  0.47  na  na  na  7 RO  3 RO  na 

 8 %  8 %  NS  na, 18  na, 22  NS  na  na  na 

 50 %  42 %  0.61  17,21  18,19  0.82, 
0.79 

 2 RO  1 RO  na 

 30 %  35 %  NS  na,28  na, 21  NS  36 % fungal  14 % 
fungal 

  p  < 0.05 

 8 %  20 %  0.02  2,14  3,11  0.14, 
0.24 

 8 RO  5 RO  0.52 

  c Control groups in both these studies were also given the designated intervention arm antibiotics 
later in the study, making comparisons to the other studies diffi cult. These two studies primarily 

evaluated antibiotics given early (intervention) vs late (control)  
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include rigorous blinding and placebo protocols, homogeneity of patients (designed 
to include only  severe  disease), and detailed patient fl ow descriptions. Moreover, 
the 2007 DBPCRCT is one of the fi rst studies that ensured standardized nutrition 
protocols between study groups, thus controlling for this signifi cant source of bias. 
One limitation inherent to all three studies is small sample size, which diminishes 
the power to detect a small magnitude effect. Moreover, the conclusions from these 
studies must be interpreted with caution because all study protocols allowed sub-
stantial heterogeneity in both the time of initiation (range: 3–10 days) and duration 
of therapy among patients (range 6–21 days). Finally, large proportions (up to half) 
of patients in control and intervention arms received non-protocol antibiotics for 
other clinical indications. 1  Taken together, the limitations of these three DBPCRCTs 
have the potential to bias results toward acceptance of a null hypothesis (type II 
error). That is, all these described limitations would more likely diminish the effect 
seen from prophylactic antibiotics and make it more likely to conclude that no sig-
nifi cant difference exists between groups. 

   A Review of Disparate Results 

 The meta-analyses, reviews, editorials and observational studies published on this 
topic are too numerous to review individually [ 6 ,  15 ,  20 ,  33 – 48 ], but some trends 
are worth noting. Results from the meta-analyses on this topic must be interpreted 
with caution because of the myriad differences between available trials. Any com-
parison among the previously described trials is limited because of variety in: (a) 
sampled severities of pancreatitis, (b) defi nitions for pancreatic infections, (c)  out-
comes   evaluated, (d) thresholds for operative intervention, and (e) antibiotics 
administered. The majority of these meta-analyses found a signifi cant difference in 
pancreatic infections for those patients who received antibiotic prophylaxis, but 
found no differences in  mortality  , LOS or the need for operations. In contrast, some 
meta-analyses  did  show signifi cant differences in mortality, LOS and operative 
interventions, but these authors failed to include data from relevant DBPCRCTs 
published after 2004 [ 36 ,  41 ,  43 ,  45 ,  47 ,  48 ]. Those meta-analyses that included 
data from DBPCRCTs published after 2004 showed that prior perceived differences 
in outcomes failed to achieve signifi cance [ 15 ,  16 ,  46 ]. 

 Some meta-analyses have used unique approaches and explanations to highlight 
trends in the available data on antibiotic prophylaxis for SAP. One meta-analysis by 
De Vries et al. [ 20 ] reviewed six randomized controlled trials addressing antibiotic 
prophylaxis in SAP and noted a signifi cant inverse relationship between their meth-
odological quality and the reported effect of antibiotic prophylaxis on  mortality  . In 

1   However, Dellinger et al. [ 5 ] note that the vast majority of ‘off-protocol’ antibiotics given in this 
trial occurred three or more weeks after randomization. This permits evaluation of the effi cacy of 
 early  antibiotic prophylaxis and does not diminish the validity of their conclusions. This is 
strengthened by evidence that bacterial seeding of pancreatic and peri- pancreatic necrosis  often 
occurs as early as the fi rst 1–2 weeks of hospitalization [ 13 ]. 
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other words, studies that were assessed as methodologically rigorous tended to 
report negligible differences in mortality with the use of prophylaxis. Moreover, 
after grading for quality, and including studies only with a standardized score >5, 
the meta-analysis revealed that there was no difference found in infection of  pancre-
atic necrosis   or mortality. A subsequent meta-analysis by Wittau et al. in 2010 [ 15 ] 
independently confi rmed this correlation between study quality and reported  out-
comes  . The authors concluded that prophylaxis had no associated reduction in mor-
tality, infected necrosis, systemic complications or the need for operations. 
Moreover, the authors found a “borderline signifi cant” pooled relative risk for 
infected necrosis (RR = 0.78, [95 % CI 0.60–1.02]) but note that this is a surrogate 
outcome, and that the “real effects” seen by the patient (mortality or need for an 
operation) are not close to achieving signifi cant differences. Finally, a meta-analysis 
from 2012 [ 16 ] pooled results from studies prior to the year 2000 and demonstrated 
a relative risk reduction for mortality (RR 0.31, [95 % CI, 0.12–0.79], p = 0.01). 
This difference was not present when results were pooled for studies after the year 
2000 (RR 1.01, 95 % CI 0.65–1.56 p 0.98). Interestingly, the authors note a high 
potential for publication bias prior to the year 2000 based on the asymmetric results 
of a funnel plot analysis. The combination of this publication bias and un-blinded 
study designs prior to 2000 created an environment which would be more likely to 
produce studies showing a signifi cant effect with prophylactic antibiotics in SAP. 

   Antimicrobial Resistance and Atypical Organisms 

 Published studies of moderate quality are available regarding antimicrobial resis-
tance patterns in relation to antibiotics and SAP; overall trends indicate that expo-
sure to broad-spectrum prophylaxis is associated with atypical and resistant 
organisms. A study in 2002 by Howard et al. [ 9 ] compared operative cultures taken 
from SAP patients before (1977–1992) and after (1993–2001) institution of routine 
prophylactic antibiotics at a single institution. There was a signifi cant change in 
bacteriology between groups from gram negative organisms to predominantly gram 
positive organisms (52 % gram positive organisms in recent samples versus 23 % in 
older samples). The organisms most frequently cultured in antibiotic-treated patients 
were  S. aureus ,  S. epidermidis  and Corynebacterium. Of note, there were no differ-
ences in B-lactam resistance noted between groups. A subsequent case series of 46 
patients with SAP and infected necrosis found that approximately 52 % of the 
patients developed infection with resistant organisms [ 10 ]. Those who developed 
resistant organisms were treated with antibiotics, on average, for 9 days longer than 
those without resistant organisms (p < 0.05). The authors note that patients with 
resistant organisms required longer ICU stays, and tended to have higher  mortality   
(37 % vs 23 %, p = 0.28). Other studies have confi rmed that the prevalence of anti-
biotic resistant microorganisms is increasing in patients with SAP and exposure to 
antibiotic prophylaxis [ 5 ,  11 ,  27 ,  28 ,  31 ,  32 ,  49 ,  50 ]. Classic pathophysiologic 
teaching on infected  pancreatic necrosis   cultures has attributed the predominant 
growth of gram negative species to a prior translocation event from the gastrointes-
tinal tract [ 2 ,  4 ,  6 ]. However, in the new antibiotic era, increased growth of gram 
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positive fl ora and fungal organisms may indicate that sources of infection are chang-
ing. Some authors speculate that these atypical and resistant organisms may ema-
nate from central lines, catheters, and endotracheal tubes [ 9 ,  11 ]. This was 
corroborated by a retrospective study which found that patients who had any bacte-
remia episode while under treatment for SAP with pancreatic necrosis had an 
increased risk of infected necrosis (65 % vs 37 %) [ 4 ]. 

 Available data suggest that SAP patients who have a longer exposure to broad 
spectrum antibiotics are also at a higher risk of infections with Candida species. In 
one retrospective study of 92 patients, the authors found that patients with fungal 
infections were on antibiotics for a mean of 19 days versus 6.4 days in patients 
without fungal infections (p = 0.0001) [ 51 ]. This trend was independently confi rmed 
by a case series of 46 patients in 2004 [ 10 ], a prospective study of 50 SAP patients 
in 2009 [ 52 ], and a randomized trial in 2009 [ 28 ]. A more recent nonrandomized 
prospective cohort study of 210 SAP patients [ 50 ] found that candida species from 
pancreatic cultures were signifi cantly more frequent in the patients who received 
prophylactic antibiotics versus those who did not (10.7 % vs 3.8 %, p 0.04). The 
 mortality   rate for SAP patients with Candida has been reported at 65 % versus about 
20 % in non-Candida patients [ 4 ,  51 ]. Some studies have found less impressive dif-
ferences in mortality but still note that SAP patients who develop fungal infections 
suffer more in-hospital  morbidity   and have longer hospital and ICU stays [ 10 ,  50 , 
 53 ,  54 ]. 

 Nevertheless, the reviewed studies on atypical and resistant organisms constitute 
moderate to low-quality evidence. Much of the published data is un-blinded, non- 
randomized, and considers two different time periods. Moreover, some considered 
studies [ 50 ] had control groups where large proportions of patients actually received 
prophylaxis while intervention groups had large proportions of patients who actu-
ally did not receive prophylaxis, making the labels ‘control’ and ‘intervention’ less 
meaningful. Finally, much of the available data on resistance patterns comes from 
larger studies which assessed this only as a secondary outcome. There is a need for 
larger epidemiological studies focused specifi cally on atypical and resistant organ-
isms in patients with SAP who receive antibiotic prophylaxis. 

 A detailed review of the evidence for antifungal prophylaxis in SAP is beyond 
the scope of this chapter. In brief, there is insuffi cient evidence to recommend rou-
tine antifungal prophylaxis for all patients with SAP, but there is evidence of a  sur-
vival   benefi t in high risk subsets of critically-ill surgical patients [ 1 ,  7 ,  39 ,  52 ,  55 ]. 
More research is needed to determine if patients with SAP fall within these subsets 
of patients that could benefi t from anti-fungal prophylaxis. 

   Evidence-Based Protocol for “On-Demand” Antibiotics 

 The use of prophylactic antibiotics remains suspect, but “on-demand” antibiotics 
[ 31 ] should be initiated in clear cases of infection. If patients with SAP continue to 
deteriorate or fail to improve after the fi rst or second week of hospitalization, obtain-
ing a  CT   with or without fi ne needle aspiration (FNA) of pancreatic tissue is 
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warranted. If the CT shows retroperitoneal air inside pancreatic fl uid collections, 
this is pathognomonic for infection. If the  diagnosis   remains ambiguous, FNA 
should be obtained [ 56 ,  57 ]. FNA results can help tailor antibiotic therapy and iden-
tify drug- resistant organisms as well. If a positive CT or FNA is obtained, antibiot-
ics should be initiated and source control should be obtained via a “step-up 
approach” ( percutaneous    drainage  , followed by surgical or  endoscopic   debridement 
if necessary) [ 1 – 3 ,  31 ,  58 ]. While awaiting full speciation on culture, empiric anti-
biotics should be initiated and should cover enteric organisms. Standard empiric 
regimens include carbapenems or quinolones plus metronidazole [ 1 ,  39 ]. Since 
infected necrosis rarely presents before 10 days, clinical worsening during this time 
period is typically the result of SIRS evolution rather than infected necrosis. 
Therefore, it is generally safe to wait up to 10 days to perform a diagnostic FNA [ 4 , 
 8 ]. FNA of  pancreatic necrosis   is relatively sensitive and specifi c and is reported 
overall at 88 % and 90 % respectively. After the fi rst week, the FNA sensitivity 
increases to 97 % and specifi city increases to 100 % [ 1 ,  8 ,  56 ,  59 ,  60 ]. Some patients 
fail to improve after several weeks despite a negative culture results on FNA. In this 
case, repeat FNA or even empiric drainage/debridement may be warranted [ 7 ,  8 , 
 61 ].       

    Summary and Recommendations 

 In summary, we performed a literature review to survey published data on antibiotic 
prophylaxis in patients with SAP (inclusive of those with pancreatic and peri- 
 pancreatic necrosis  ). The relevant  outcomes   reviewed included the incidence of 
infected necrosis, septic complications,  mortality  , need for operative interventions, 
length of stay, and antibiotic resistance. Search results revealed a myriad of studies 
with diverse results and conclusions. 

 Early studies reported decreased pancreatic and systemic infections with prophy-
laxis, but largely failed to show corresponding differences in ultimate  outcomes   like 
operative rates, length of stay or  mortality  . Early studies constitute low-quality evi-
dence (Table  39.2 ) because they were limited by publication bias, lack of blinding, 
lack of placebo, limited recruitment/study fl ow descriptions, high cross-over from 
control to intervention arms, and small sample sizes (underpowered). Moreover, 
early studies were limited by heterogeneity of disease severity and heterogeneity in 
nutrition methods. As a result of these limitations, no recommendations can be 
made based on these data. 

 Later DBPCRCTs constitute high-quality evidence (Table  39.2 ). These studies 
failed to show any signifi cant differences between prophylaxis and placebo groups; 
rates of pancreatic infections, operations,  mortality   and length of stay were similar. 
While these studies did show trends toward decreased systemic infections in patients 
who received prophylaxis, they showed no signifi cant differences in ultimate clini-
cal  outcomes   for those treated “on-demand” [ 31 ] with antibiotics as soon as noso-

39 Antibiotic Prophylaxis for Acute Necrotizing Pancreatitis



444

comial infections arose. On the basis of these studies, we strongly recommend 
against using antibiotics to prevent infection in patients with SAP or in patients who 
develop sterile  pancreatic necrosis  . Antibiotics should only be used for patients with 
already proven pancreatic or systemic infections. However, even these high quality 
studies are limited by small sample sizes (under-powered analyses), variation in 
initiation/duration of antibiotics, and frequent use of additional ‘off-protocol’ anti-
biotics in both placebo and control groups. The net effect of these limitations may 
diminish small magnitude effects from prophylaxis and may result in failure to 
appreciate subtle but real differences (a type II error). 

 As previously discussed, it is largely impossible to differentiate sterile from 
infected  pancreatic necrosis   on the basis of clinical signs alone. Additional tools 
like  CT   and FNA are needed to help obtain a defi nitive  diagnosis  . Available 
moderate- quality evidence suggests that FNA is a sensitive and specifi c tool. 
Observational studies and randomized trials have noted that infected necrosis is 
extremely rare prior to day 7–10 of hospitalization. Therefore, we strongly recom-
mend investigation with a CT with or without an FNA in any patient with pancreatic 
or peri-pancreatic necrosis if clinical deterioration or failure to improve occurs 
beyond 7–10 days of hospitalization. Treatment with empiric antibiotics should 
occur only if positive FNA cultures are obtained. Nevertheless, a negative FNA 
should be interpreted with caution in a patient who fails to improve and should not 
be used to defi nitively rule-out infected necrosis. 

 Available published data on prophylaxis and antimicrobial resistance/atypical 
organisms is of moderate to low quality. Many of these studies were observational 
in nature, but some evidence was from larger randomized trials. These studies have 
shown that drug-resistant organisms are frequent in patients with SAP and that the 
prevalence of resistant bacteria and fungi is associated with both exposure and  dura-
tion  of exposure to broad-spectrum antibiotics. It is unclear whether infections with 
resistant and/or atypical organisms lead to increased  mortality  , but fungal infections 
have been associated with increased  morbidity   and longer length of hospital stay. 
On the basis of these data, we recommend caution in all decisions to initiate antibi-
otics and limitation of the treatment duration whenever possible (weak 
recommendation).  

    A Personal View of the Data 

 Despite mounting evidence against the use of prophylactic antibiotics in SAP, a 
recent survey of intensivists and surgeons indicates that routine prophylaxis is an 
ongoing and common practice [ 62 ]. If the data are becoming more convincing, what 
can we infer from this generalized reluctance to adopt evidence-based practices? 
Certainly the cacophony of contradictory results and conclusions in the literature 
contributes to this slow uptake. Perhaps more importantly, as an individual clinician 
taking care of a critically-ill deteriorating patient, making the  diagnosis   of infected 
 pancreatic necrosis   is diffi cult and decisions must often be made quickly. In this 
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context, antibiotic prophylaxis may be employed to allay the fears and anxieties of 
the clinician rather than to treat the patient. Prescribing prophylactic antibiotics 
‘buys time’ while the patient stabilizes and while diagnostic workup occurs. 

 We caution against this practice and encourage a more rigorous application of 
evidence-based practice. Despite aforementioned limitations in the current evi-
dence, we must balance the proven risks of antimicrobial resistance against the (at 
best) nominal potential and unproven benefi ts of prophylactic antibiotics. Moreover, 
we are a priori suspect regarding the use of antibiotics to prevent an infection of any 
necrotic tissue. Dead tissue lacks adequate perfusion and therefore lacks an ade-
quate conduit for any antibiotic; studies of antibiotic penetration and tissue concen-
trations in  living  pancreatic tissue may not be applicable to this topic. Finally, the 
risk of infection in pancreatitis starts at the onset of infl ammation and persists over 
several weeks. Generally accepted teaching dictates that infectious risks which per-
sist over long periods of time do not benefi t from antibiotic prophylaxis (for exam-
ple, prophylaxis has been found ineffective for foley catheters, endotracheal tubes, 
central lines, burns, etc…). 

 Further studies to clarify this subject are needed, but improvements beyond cur-
rently published literature will prove challenging. Obtaining early access to patients 
for enrollment continues to be diffi cult due to frequent transfers from outside hospi-
tals. Moreover, defi ning strict inclusion criteria often mandates obtaining a  CT   scan, 
but necrosis of pancreatic parenchyma often is not adequately depicted on CT until 
an interval of 2–3 days past initial presentation [ 27 ]. This further limits timeliness 
of enrollment. Finally, given the high prevalence of systemic (nonpancreatic) infec-
tions in these patients, studies on patients with SAP will likely always require fre-
quent initiation of non-protocol,  open  -label antibiotics. 

 Future DBPCRCTs could be structured to evaluate specifi cally early versus late 
administration of prophylactic antibiotics and would offer methodological improve-
ments beyond currently published studies on this topic [ 23 ,  27 ]. In any future stud-
ies, efforts must be focused on creating larger samples so that adequately powered 
analyses can occur. As it currently stands, the proven risks of antibiotic prophylaxis 
in SAP outweigh the potential nominal benefi ts, and available evidence indicates 
that the use of prophylaxis is not warranted.  

    Recommendations 

     1.    We recommend against using antibiotics to prevent infection in patients with 
severe  acute pancreatitis   and in patients who develop sterile  pancreatic necrosis  . 
Antibiotics should only be used for patients with already proven pancreatic or 
systemic infections. (High-quality evidence, strong recommendation).   

   2.    We recommend investigation with a  CT   +/− FNA in any patient with pancreatic 
or peri- pancreatic necrosis   if clinical deterioration or failed improvement occurs 
beyond 7–10 days of hospitalization. Treatment with empiric antibiotics should 
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occur only if positive FNA cultures are obtained (moderate-quality evidence, 
strong recommendation).   

   3.    If patients with severe  acute pancreatitis   have a confi rmed infection, we recom-
mend judicious initiation and limited duration of antibiotic treatment when pos-
sible to decrease the development of drug-resistant organisms (moderate-low 
quality evidence, weak recommendation).         
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