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ABSTRACT

INTRODUCTION  The development of pancreatic infection is associated with the development of a deteriorating disease with subse-
quent high morbidity and mortality. There is agreement that in mild pancreatitis there is no need to use antibiotics; in severe pan-
creatitis it would appear to be a logical choice to use antibiotics to prevent secondary pancreatic infection and decrease associated
mortality.

MATERIALS AND METHODS A non-systematic review of current evidence, meta-analyses and randomized controlled trials was con-
ducted to assess the role of prophylactic antibiotics in acute pancreatitis and whether it might improve morbidity and mortality in
pancreatitis.

RESULTS Mixed evidence was found to support and refute the role of prophylactic antibiotics in acute pancreatitis. Most studies
have failed to demonstrate much benefit from its routine use. Data from our unit suggested little benefit of their routine use, and
showed that the mortality of those treated with antibiotics was significantly higher compared with those not treated with antibiotics
(9% vs 0%, respectively, P=0.043). In addition, the antibiotic group had significantly higher morbidity (36% vs 5%, respectively,
P=0.002).

CONCLUSIONS Antibiotics should be used in patients who develop sepsis, infected necrosis-related systemic inflammatory
response syndrome, multiple organ dysfunction syndrome or pancreatic and extra-pancreatic infection. Despite the many other fac-
tors that should be considered, prompt antibiotic therapy is recommended once inflammatory markers are raised, to prevent secon-
dary pancreatic infection. Unfortunately, there remain many unanswered questions regarding the indications for antibiotic
administration and the patients who benefit from antibiotic treatment in acute pancreatitis.
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Introduction However, in the 2000s, there have been multiple large con-
trolled trials, with conflicting results,”® different consen-
suses reached and differing guidelines for the use of
prophylactic antibiotics. '

We review the literature and the different attitudes
towards and guidelines for the routine use of prophylactic
antibiotics to prevent infectious complications and decrease
the mortality from acute pancreatitis, and outline the situa-
tions where antibiotics may have a definite role and should
be used.

Acute pancreatitis is not an uncommon gastrointestinal
emergency. Its incidence varies from 5 to 80 cases per
100,000 inhabitants per year, with an overall mortality rate
of 10-15%."2 More than two-thirds of patients will recover
within 1 week. The remaining one-third will experience
multiple systemic and/or local complications, with a high
mortality rate of 10-30%, 80% of deaths being due to infec-
tious complications.?

The use and efficacy of prophylactic antibiotic therapy in
acute pancreatitis has long been a point of controversy. The
role of prophylactic antibiotics to prevent infection and  Infection in pancreatitis: focus on mechanism of
reduce mortality in pancreatitis was first evaluated in the secondary pancreatic infection
1970s, where several randomised controlled trials (RCTs) L Lo .
had been conducted and concluded that prophylactic antibi- Ac.ute pancre.atltls isa s.elf—hmltmg disease. It ranges from a

. . . . . mild degree inflammation that lasts for few days to severe
otics were effective in preventing secondary pancreatic

infections and therefore in reducing the related mortality.‘*‘6 p ancreatitis, which is a serious E,md llfe—threatf?nmg' Cfmdl'
tion that needs close observation and multidisciplinary
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management, especially in the presence of multiple organ
failure or severe pancreatic infections (Fig 1).

Severe pancreatitis comprises two phases.!> The early
stage — the first 14 days from the onset of the disease - is
characterised by a systemic inflammatory response syn-
drome (SIRS), which may be complicated by multiple organ
dysfunction syndrome (MODS). In 15-20% of cases, this may
be followed by a stage of secondary bacterial infection

within the inflamed pancreas, typically 2-3 weeks from the
onset of pancreatitis. '’

Pathogenesis of secondary bacterial pancreatic infection
is still debated. Pathogens can reach the pancreas through
the haematogenous pathway, via the biliary system, ascend-
ing from the duodenum via the main pancreatic duct, or
through transmural colonic migration via translocation of
the colonic bacteria to the lymphatics. Most pathogens in

Diagnosis
- Within 48 hours of admission; correlation with clinical history.

- Lipase (amylase) > 3 x normal (in relation to onset of symptoms).

- Contrast-enhanced CT if diagnostic ambiguity.

\

Early objective measurement
of severity required

Features predicting a severe
attack initial assessment:
e Clinical impression of severity
e BMI > 30
e Pleural effusion on CXR
® APACHE Il score > 8
24 hours after admission:
e Clinical impression of severity
® APACHE Il score > 8
e Glasgow score 3 or more
e Persistent organ failure
e C reactive protein > 150 mg/L
48 hours after admission:
e Clinical impression of severity
e Glasgow score 3 or more
e C reactive protein > 150 mg/L
e Persistent organ failure for 48
hours/multiple or progressive

organ failure. /

Initial assessment
- Determine presence of cardio, respiratory and/or renal
compromise.
- BMI; CXR; APACHE II.
- Document presence of organ dysfunction.

Severity to be
defined by

A

Atlanta Criteria

Initial management

- Severe acute pancreatitis should be managed in a critical
care setting.

- Organ support where required.

- Supplementary 02 to maintain SpO2 > 95%.

- Fluid resuscitation to maintain urine output > 0.5 ml/kg/hour.

A 4

Indications for
contrast-enhanced CT

Persisting organ failure,
signs of sepsis or
deterioration in clinical
status 6-10 days after
admission.

v N

Further management

a I

- Prophylactic antibiotics: No consensus.

- Biliary pancreatitis: definitive management of gall stones should occur during the same hospital admission, unless a
clear plan has been made for definitive treatment within the next 2 weeks.

- Radiological Intervention: FNA and culture should be performed in patients with suspected infection.

- Infection: infected pancreatic necrosis and collections should be managed with antibiotics and drainage
(radiological/surgical depending on unit expertise).

o

Figure 1 Acute pancreatitis management
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pancreatic infection are gastrointestinal Gram-negative bac-
teria (Escherichia coli, Pseudomonas, Proteus, Klebsiella),
which occur via disruption of the intestinal flora and dam-
age to the bowel mucosa. Impaired body defences predis-
pose to translocation of the gastrointestinal organisms and
toxins with subsequent secondary pancreatic infection. But
Gram-positive bacteria (Staphylococcus aureus, Streptococ-
cus faecalis, Enterococcus), anaerobes and, occasionally,
fungi have also been found.'*'% Infection of sterile necrosis
is attributed to bacteria of gut origin in up to 70% of cases.'”

In mild pancreatitis, the mortality rate is less than 1%,!2
in contrast to severe pancreatitis, which ranges from 10% in
cases of sterile pancreatic necrosis to as high as 25% with
infected necrosis.'” Consequently, interest has focused on
the identification of pancreatic necrosis and the potential
benefits of prophylactic antibiotics to prevent secondary
infection of the necrotic pancreatic tissue.

Mortality in pancreatitis: are antibiotics
protective?

Infection in acute pancreatitis has been encountered in 50—
40% of patients. The most dangerous is necrotising pancrea-
titis, which constitutes around 30% of this group, with
reported associated poor prognosis and high mortality. Fur-
thermore, 80% of deaths from acute pancreatitis are due to
secondary pancreatic infection.'® The use of antibiotic pro-
phylactically in acute pancreatitis is still a matter of contro-
versy, however. Many authors have advocated their use
routinely, while others have condemned this practice.

UK guidelines and consensus statements have advocated
the prompt and judicious use of antibiotic prophylaxis in the
setting of severe acute pancreatitis.'® The role of prophylac-
tic antibiotics in severe acute pancreatitis with associated
necrosis remains unclear. Eighteen meta-analyses of RCTs
were identified, between the years 1998 and 2015, which
sought to determine whether prophylactic antibiotics reduce
mortality and the incidence of infection in pancreatic
necrosis in patients with severe acute pancreatitis and
necrotising pancreatitis (Table 1). The number of trials in
each meta-analysis varied from 3 to 11, with a total study
population ranging from 160 to 1,279 patients. Overall, 6 of
the 18 studies concluded that prophylactic antibiotics signifi-
cantly reduced total mortality, which includes 17 RCTs, 2%~
24 while 4 studies concluded that prophylactic antibiotics sig-
nificantly reduced the incidence of pancreatic
necrosis.'®?%2%2% The two most recent studies included,go’21
supported the use of antibiotics.

Ukai et al*® included six RCTs in which antibiotics (within
72 hours) were administered early in patients with acute
necrotising pancreatitis, with the exclusion of studies with
delayed or indeterminate timing of antibiotic administration.
This meta-analysis showed a significant reduction in mortal-
ity and the incidence of infected pancreatic necrosis if pro-
phylactic antibiotics are administrated early. However, this
study had several limitations, as RCTs included in this study
compared the use and non-use of antibiotics, not the timing
of administration. The study advocates further RCTs to

determine the effect of the timing of antibiotic administra-
tion on mortality and pancreatic necrosis infection.

Lim et al*! analysed nine RCTs and two cohort studies to
determine the benefits of prophylactic antibiotics. The study
did not show a significant reduction in the incidence of pan-
creatic necrosis in the total study population, RCT popula-
tion or cohort population. However, total mortality was
significantly reduced in the named groups. Importantly,
analysis of the nine RCTs did not show a significant reduc-
tion in mortality with prophylactic antibiotics. A significant
limitation of the study was the heterogeneity of the studies
analysed, with mixed treatment regimens and populations.
Although the study suggested benefits of prophylactic antibi-
otic in all-cause mortality, we must be aware that this was
not significant in the RCT population. In addition, the study
did not demonstrate a reduction in infection within pancre-
atic necrosis in any study population.

The largest meta-analysis, by Dambrauskas et al'® in
2007, used 10 RCTs with a total study population of 1,279,
which showed a significant reduction in mortality and inci-
dence of infected pancreatic necrosis with prophylactic anti-
biotics. This study incorporated RCTs used in previous
studies by Sharma et al®®> and Golub et al,* which had both
advocated the use of prophylactic antibiotics to significantly
reduce mortality. Dambrauskas et al'® excluded previous
work assessing the role of penicillins as it was ‘separately
evaluated and did not show any beneficial effect in this
meta-analysis’. Studies using penicillins were also excluded
as they have poor pancreatic penetrance. The study con-
cluded that carbapenems are associated with a significant
reduction in mortality and incidence of infected pancreatic
necrosis compared with other intravenous antibiotics.

Villatoro et al*? performed a meta-analysis in 2006 includ-
ing five RCTs with a total of 294 patients, which showed a
significant reduction in mortality but not the incidence of
infection in pancreatic necrosis. Villatoro et al*” reanalysed
the data in 2010, including a further two RCTs and increas-
ing the meta-analysis population to 404 patients.?®?° This
reanalysis did not show a significant reduction in mortality
or incidence of infection in pancreatic necrosis. Subgroup
analysis did identify a significant reduction in infected pan-
creatic necrosis patients receiving imipenem. The meta-
analysis also concluded that the RCTs used for analysis were
not adequately powered.

A greater body of evidence currently does not support the
use of prophylactic antibiotics. As mentioned above, 6 of the
18 studies included in the current review were associated
with reduced mortality when prophylactic antibiotics were
used and the remaining 12 meta-analyses did not recom-
mend the use of prophylactic antibiotic as there was no sig-
nificant reduction in mortality with them.?>2730-38 These
meta-analyses used a combined total of 14 RCTs with total
study population varied from 329 to 841 patients.

We agree with the recent pooled evidence that prophylac-
tic antibiotics in patients with acute pancreatitis are not
associated with a significant decrease in mortality or mor-
bidity. Recently, unpublished data from our unit showed
overall mortality of 3.5% and morbidity of 16.7% following
admission of acute pancreatitis patients. The mortality rate
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Study Year Study type Studies (n) Patients Pancreatitis® Significant reduction
with antibiotics
Total(n) Controls(n) All-cause mortality Infection/pancreatic
necrosis
Ukai et al®® 2015 RCT 6 397 195 NP Yes Yes
Lim et al®! 2015 RCT (9) 11 864 413 NP All studies: Yes No
Cohort (2) RCT alone: No
Cohort alone: Yes
Jiang et al®! 2012 RCT 11° 183 (< 2000) 95 219 SAP Yes < 2000 No > 2000 —
439 (> 2000)
Wittau et al®®> 2011 RCT 14 841 421 SAP No No
Bai et al*® 2010 RCT 9 519 256 NP No No
Yao et al®® 2010 RCT 9 564 277 NP No Yes
Villatoro et al®” 2010 RCT 7 404 201 NP No No
Jafri et al®® 2009 RCT 8 502 249 SAP No No
Hart et al®* 2008 RCT 7 429 NP No No
Bai et al®® 2008 RCT 7 467 231 NP No No
Xu et al®® 2008 RCT 8 540 270 NP No Yes
Dambrauskas 2007 RCT 10 1,279 638 NP Yes Yes
et al'®
De Vries et al®®> 2007 RCT 6 397 194 SAP No No
Mazaki et al*® 2006 RCT 6 329 162 NP No No
Xiong et al®’ 2006 RCT 6 338 165 SAP No No
Villatoro et al?> 2006 RCT 5 294 NP Yes No
Sharma et al®®> 2001 RCT 3 160 76 NP Yes No
Golub et al®* 1998 RCT 8 514 255 SAP Yes =
NP, necrotising pancreatitis; RCT, randomised controlled trial; SAP, severe acute pancreatitis
@ All patients with SAP/NP alone.
® 4 up to year 2000, 7 after 2000 (no studies in year 2000 itself)

of those treated with antibiotics was significantly higher
compared with those treated without antibiotic (9% vs 0%,
respectively, P = 0.043). The antibiotic group had signifi-
cantly higher morbidity (36% vs 5%, respectively, P = 0.002).
This probably reflects our rationale of no role for antibiotics
in acute pancreatitis except with defined indications for
their use, which is discussed in the next section.

Situations where physicians should suggest the
use of antibiotics

Many authors claim that prophylactic antibiotics in all
patients with acute pancreatitis is not associated with a sig-
nificant decrease in secondary pancreatic infection and mor-
tality. Thus, we do not recommend routine prophylactic
antibiotics for all patients with acute pancreatitis.

We agree with Dambrauskas et al*® and Ukai et al*° that
prompt use of antibiotics once the physician detects early
raised inflammatory markers (which carries a high risk of
secondary pancreatic infection) is mandatory and this subset

110 Ann R Coll Surg Engl 2017; 99: 107-112

of patients benefits most from timely administration of anti-
biotics. Riche et al*’ showed that procalcitonin and interleu-
kin 6 serum levels were elevated very early in patients who
eventually developed necrosis infection. Biomarkers should
be used in addition to clinical information to identify a sub-
group of patients in whom antibiotic prophylaxis is likely to
be ineffective.

On the other hand, many factors must be considered
when managing patient with severe acute pancreatitis: the
nutritional status of the patient, the timing of antibiotic
administration, timing and type of surgery, the necessity of
percutaneous drainage or laparoscopy, the treatment of gall-
stone pancreatitis and whether patients were monitored in
an intensive care unit. We recommend the use of prophylac-
tic antibiotics in acute pancreatitis in patients with increased
white blood count or overt clinical signs of sepsis (hypoten-
sion, fever, collapse — following adequate resuscitation).

Surgical intervention in patients with sepsis secondary to
acute pancreatitis is associated with very poor outcome;
hence, early identification of pancreatic infection was
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attempted, with good results obtained by radiologically
guided fine-needle aspiration. Ultrasonographically guided
fine-needle aspiration cytology is a safe, fast and reliable
technique for the diagnosis of infected necrosis and is rec-
ommended to differentiate infected from sterile pancreatic
necrosis, and where systemic inflammatory response syn-
drome persists beyond the first week after onset of
symptoms.*!

Antibiotics in pancreatitis: focus on type of
antimicrobials

The ideal drug to use should:

> have specific activity against the bacteria responsible
for pancreatic infections

> be able to penetrate the pancreatic tissue, pancreatic
exocrine secretions, and peri-pancreatic fluid/exu-
dates at therapeutic mean inhibitory concentrations

> be able to penetrate the pancreas during acute pan-
creatitis; and

> have a clear-cut clinical capacity to reduce the devel-
opment of infected necrosis.*

There is no evidence to support the previous criteria of
ideal antibiotics, and physicians should realise that pancre-
atic infection normally starts in necrotic tissue. No antibiot-
ics effectively penetrate necrotic tissue without blood supply,
which makes pancreatic infections sometimes very resistant
to antibiotics.

Imipenem, clindamycin, piperacillin, fluoroquinolones
and metronidazole are known to have adequate tissue pene-
tration and bactericidal properties in infected pancreatic
necrosis, in contrast to penicillins, first-generation cephalo-
sporins, aminoglycosides and tetracyclines, which are inef-
fective in acute pancreatitis.*>** Meropenem is shown to
have as wide a spectrum as imipenem in preventing septic
complications in acute pancreatitis.*> The use of systemic
antibiotics in pancreatic infections must be accompanied
with drainage, either surgical or percutaneous.

One of the main problems of prolonged administration of
antibiotics in severe acute pancreatitis is the development of
multidrug resistance bacterial and fungal infection, which is
associated with long hospital stay and poor outcome.*®
Hence, each case should be individually evaluated, weighing
the benefits of antibiotics against the significant adverse
events associated with their use, including increased bacte-
rial resistance and fungal infections. Microbiologists with a
specific interest in pancreatitis should be involved in such
decisions, and blood culture is highly suggested as this
might detect bloodstream infections associated with
pancreatitis.

Conclusions

Evidence is accumulating to suggest that prophylactic anti-
biotics in patients with acute pancreatitis is not associated
with a significant decrease in secondary pancreatic infection

and mortality. We do not therefore recommend routine pro-
phylactic antibiotic therapy for all patients with acute pan-
creatitis. Conversely, the prompt use of prophylactic
antibiotics once a physician detects early markers associated
with high risk of pancreatic infection is mandatory.

Being able to identify biomarkers indicating pancreatic
infection and whether they predict responsiveness to antibi-
otics would significantly enhance the clinical management
of acute pancreatitis. The considerable variations among
patients make it difficult to find solutions in clinical trials
using standard cohorts with mean conditions.
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