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Abstract

AIM: To investigate the role of prophylactic antibiotics
in the reduction of mortality of severe acute pancreatitis
(SAP) patients, which is highly questioned by more and
more randomized controlled trials (RCTs) and meta-
analyses.

METHODS: An updated meta-analysis was performed.
RCTs comparing prophylactic antibiotics for SAP with
control or placebo were included for meta-analysis. The
mortality outcomes were pooled for estimation, and
re-pooled estimation was performed by the sensitivity
analysis of an ideal large-scale RCT.

RESULTS: Currently available 11 RCTs were included.
Subgroup analysis showed that there was significant
reduction of mortality rate in the period before 2000,
while no significant reduction in the period from 2000
[Risk Ratio, (RR) = 1.01, P = 0.98]. Funnel plot indi-
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cated that there might be apparent publication bias in
the period before 2000. Sensitivity analysis showed that
the RR of mortality rate ranged from 0.77 to 1.00 with
a relatively narrow confidence interval (P < 0.05). How-
ever, the number needed to treat having a minor lower
limit of the range (7-5096 patients) implied that certain
SAP patients could still potentially prevent death by an-
tibiotic prophylaxis.

CONCLUSION: Current evidences do not support pro-
phylactic antibiotics as a routine treatment for SAP, but
the potentially benefited sub-population requires further
investigations.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) is still a common pancreatic dis-
case, with an increasing incidence rate during the past two
decades'. In the United States, AP accounts for more
than 220 000 hospital admissions annuallym. Severe acute
pancreatitis (SAP) composes about 20% of AP, with a
high mortality rate around 20%"!. For several decades,
the administration of prophylactic antibiotics has been
one of the great controversies worldwide about the man-
agement of SAP.
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Totally, the mortality rate for SAP is 10% with sterile
and increased to 25% with infected pancreatic necrosis'”.
Hospitalization for patients with SAP may frequently
extend beyond 2 wk and often involves an intensive care
unit stay and increased infection rate'”. Up to the late pe-
riod of last century, complications of infection account
for 80% of deaths from APY. Currently, 30%-50% of
the dead cases were due to infectious complications for 2
wk from onset”. Therefore, theoretically, no antibiotics
are indicated in mild cases, but antibiotics wete consid-
ered to play an important role in either therapeutic or
prophylactic intention for SAP. The recognition and ex-
ploration of antibiotic prophylaxis for SAP experienced
more than a half of a century. However, there was still
a gap between theory and truth, and the proper role of
antibiotics in SAP remains controversial”.

Why pancreatologists keep dwelling on this contro-
versy? In this review, we critically estimated the currently
available evidence to find out the gap between theory and
clinical practice. Moreover, through our hypothesis and
calculation, we predicted what would occur in antibiotic
prophylaxis for SAP if robust evidence was available in
the future.

MATERIALS AND METHODS

Search strategy

We searched the electronic databases of PubMed up to
2009. The reference lists from relevant articles, contain-
ing meta-analysis, systematic reviews or clinical trials, were
screened for potential eligible studies. There was no limita-
tion of publication date and language. The following strings
wete used in the search strategy for PubMed: “pancreati-
tis” (MeSH Terms) or “pancreatitis” (All Fields); “anti-
bacterial agents” (MeSH Terms) or “anti-bacterial” (All
Fields); “agents” (All Fields) or “anti-bacterial agents”
(All Fields) or “antibiotics” (All Fields) or “anti-bacterial
agents” (Pharmacological Action); “randomized controlled
trial” (Publication Type) or “randomized controlled trials
as topic” (MeSH Terms) or “randomized controlled trials”
(All Fields) or “clinical trial” (Publication Type) or “clinical
trials” (MeSH Terms) or “clinical trial” (All Fields); “meta-
analysis” (Publication Type) or “meta-analysis” (MeSH
Terms) or “meta-analysis” (All Fields); and “review litera-
ture” (MeSH Terms) or “systematic review” (All Fields).

Inclusion and exclusion criteria

The currently available meta-analyses and randomized
controlled trials were analyzed by meta-analysis. The
patients were all diagnosed as having SAP. The interven-
tion group received prophylactic antibiotics. The control
group received placebo or none-treatment. All potentially
eligible meta-analyses or trials should report the mortality
rate of each group. There were no limitations for race,
age or gender. If any conditions did not conform to the
above critetia ot the essential data could not be extracted,
the meta-analyses of trials were excluded.

Selection and data collection
All procedures were reviewed by two independent re-
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viewers: (1) for descriptive review of available meta-anal-
yses, the publication year, the number of included trials,
and the effect sizes of mortality or infected necrosis were
extracted. The effect sizes involved risk ratio (RR), odds
ratio (OR), absolute risk reduction (ARR) and their 95%
confidence interval (CI); (2) for updating meta-analysis,
the general information including publication year, sam-
ple size, study design, general characteristics of patients,
and intervention details were extracted. The dichotomous
data for the mortality were extracted, including total
number of participants and events for each group. The
number of events was calculated by the reported percent-
age if possible; and (3) For the predication of the future
meta-analysis, the synthesized mortality rate of each
group was extracted by our updated meta-analysis.

Statistics analysis

Meta-analysis: Outcomes of eligible studies were stati-
stically synthesized by Reviewer Manager 5.0 (The Nordic
Cochrane Center, Cochrane Collaboration, Copenhagen,
Denmark). The statistical method was referred to the
Cochrane Handbook for Systematic Review of Inter-
vention. The pooled statistics were calculated using a
fixed effects model initially. The KRR was reported for
dichotomous data. The 95% CI was also calculated. The
Mantel-Haenszel method was used to test significance of
dichotomous data. P value less than 0.05 was considered
statistically significant. Heterogeneity between compa-
rable studies was tested in all analyses using a standard )(2
test for between-study statistical heterogeneity and con-
sidered significant at P < 0.1. If heterogeneity existed, the
random effects model was used for analysis.

Sample size calculation: The format for equivalency
estimate of rates between two arms is shown below.

Expected sample size in each group = (ua + pg)z[pn ¢!
-p1) + p2(1-p2)]/(A - | pi-p2|)%; Limitation: A > |pi-p2|

(A: threshold of difference value; ai: possibility of
type I error; B: possibility of type II error; pa: critical
value corresponding to a; pp: critical value corresponding
to f3; p1: possibility of mortality in prophylactic antibiot-
ics group; p2: possibility of mortality in placebo or blank
control group; |pi-pz|: absolute value of difference be-
tween two groups.)

Hypothesis test: SPSS 13.0 (SPSS, Chicago, 1L, United
States) was used for statistical analysis. For dichotomous
data, the Zz test was used to compare frequencies of
mortality. Linear correlation between accumulated sample
size and time (year) was analyzed by the Pearson correla-
tion test. P value of less than 0.05 (two-sided) was con-
sidered significant.

RESULTS

Current evidences

Published meta-analysis: Recently, there have been
several RCTs on prophylactic antibiotic for SAP* and
therefore several meta-analyses on this topic have already

published (Table 1, Figure 1). For the primary outcome
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Table 1 Recent meta-analyses on the outcomes of prophylactic antibiotics for severe acute pancreatitis

Meta-analysis Year No. of RCTs Mortality Infected necrosis Recommendation
Effect size 95% CI Effect size 95% CI

Jafri et al™ 2009 8 RR = 0.76 (0.49, 1.16) RR = 0.79 (0.56,1.11) Unfavorable
Xu et al™ 2008 8 RR = 0.76 (0.50,1.18) RR = 0.69 (0.50, 0.95)" Pending
Bai et al”! 2008 7 RR = 0.70 (0.42,1.17) RR = 0.81 (0.54,1.22) Unfavorable
Hart et al™ 2008 7 OR=0.71 (0.41,1.23) OR =0.72 (0.45,1.16) Unfavorable
de Vries et al™ 2007 6 ARR = 0.058 (-0.017, 0.134) ARR = 0.055 (-0.084, 0.194) Pending
Dambrauskas et al™ 2007 10 RR = 0.76 (0.586, 0.976) RR = 0.57 (0.418, 0.784)° Pending
Villatoro et al™" 2006 5 OR =037 (017, 0.83)° OR = 0.62 (0.35,1.09) Pending
Mazaki et al™ 2006 6 RR =078 (0.44, 1.39) RR=0.77 (0.54,1.12) Unfavorable
Xiong et al®™ 2006 6 RR = 0.54 (0.28,1.04) RR =0.77 (0.48, 1.24) Unfavorable

°P < 0.05 antibiotic prophylaxis vs placebo/none; RCT: Randomized controlled trial; CI: Confidence interval; RR: Risk ratio; OR: Odds ratio; ARR:Absolute

risk reduction.

Pubmed electronic search:
n = 159 (up to 2009)

i

Primary selection by browsing
titles and abstracts: 7 = 159

Ineligible for:
Experimental research
Descriptive review

n =128

_— >

Secondary selection by
checking full-texts: 7 = 31

Ineligible for:
Improper study design
Improper participants
Improper outcome measure
n=11

- >

Final inclusion for analysis: RCTs, 7 = 11
Meta-analysis/systematic review: 7 = 9

Figure 1 The flow chart of literature search and selection in PubMed.

in mortality rate, only one meta-analysis showed a signifi-
cant reduction by antibiotic prophylaxis. Moreover, only
two other meta-analyses showed a significant preventive
effect on infected necrosis for SAP by antibiotic pro-
phylaxis. More than a half of the meta-analyses did not
recommend the administration of antibiotic prophylaxis,
while the others suggested that the effectiveness of anti-
biotic prophylaxis was still controversial.

Update on meta-analysis: To improve the robustness
of evidence, the meta-analysis was updated in present re-
view. We comprehensively searched the PubMed database
to identify available RCTs on the comparison between
prophylactic antibiotics and placebo/none-treatment
for SAP. There were 11 eligible RCTs (Figure 1)1
which were re-pooled to update the meta-analysis (Figure
2). There were two newly published RCTs in 2009,
which was different from previous meta-analysis' .

Interestingly, we found that before 2000 the pooling
estimate of 4 RCTs (183 patients) showed a significant
benefit to reduce the mortality of SAP (RR = 0.31, 95%
CI: 0.12-0.79, P = 0.01)®**. The mortality rates were
5.26% (5/95) and 18.18% (16/88) in prophylactic anti-
biotics and placebo/none-treatment groups, respectively.
The number needed to treat (NNT) was one of 8 treated
patients potentially being benefited to prevent death by
prophylactic antibiotics (Table 2).

However, since 2000, seven RCTs (439 patients) have
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been identified and pooled to meta-analysis”™ . Differ-
ently, the result indicated that there was no benefit of
preventing death in the prophylactic antibiotics group (RK
= 1.01, 95% CI: 0.65-1.56, P = 0.98). The mortality rates
were 15.00% (33/220) and 15.07% (33/219) in the pro-
phylactic antibiotics and placebo/none-treatment groups,
respectively. Sadly, the NNT was one of 1429 treated
patients potentially being benefited (Table 2), and it was
indeed a negative evidence to support administration of
prophylactic antibiotics.

In the funnel plot, the asymmetric distribution of
RCTs before 2000 implied that there might be apparent
publication bias (Figure 3). Moreover, the distribution of
RCTs from 2000 was relatively symmetric.

How long a way to end the controversy?

What a scale does a trial require? To the best of our
knowledge, the key to end the controversy is to conduct a
large-scale RCT so as to control the random sampling er-
ror. To perform an ideal RCT, we have to calculate the re-
quired sample size by statistical approach. The mortality
rates were calculated based on the pooling estimate from
2000, and the results of calculation are shown in Table 3.

If the difference between mortality rates was no more
than 10% as an acceptable threshold of equivalence, at
least 544 patients would be required for a single robust
trial (Table 3), while the difference was limited to no
more than 5%, 3230 patients would be demanded in a
single trial (Table 3).

In practice, it is hard to conduct a single-center ran-
domized trial of such large scale in the study of SAP
treatment. A multi-center trial might be a way out of this
corner, but difficulties in quality control and possible per-
formance bias might occur. Among the included RCTs
in the above updated meta-analysis, the absolute value of
difference between mortality rates |pi-pz2| was 6.7% =*
5.9% (range, 2.0%-19.3%), and the mean was more than
5%. Therefore, the threshold of 10% and the sample size
of 544 patients could be rational. It would take more than
two years to complete a large-scale multi-center RCT.

The above meta-analysis showed a minor difference
between mortality rates, |pi-p2| = 0.0007. Thus, we have
to choose the lower threshold 5% to calculate the re-
quired accumulated sample size, and the calculation result
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Prophylactic antibiotics Placebo/none Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI Year M-H, fixed, 95% CI
Before 2000
Pederzoli et a/*" 3 41 4 33 26.4%  0.60[0.15,2.51] 1993 =T
Sainio et a/*™ 1 30 7 30 41.7%  0.14[0.02, 1.09] 1995 = |
Delcenseria et a/*® 1 11 3 12 17.1%  0.36[0.04, 3.00] 1996 - "1
Schwarz et a/*” 0 13 2 13 14.9%  0.20[0.01,3.80] 1997 =
Subtotal (95% CI) 95 88 100.0%  0.31[0.12, 0.79] ->
Total events 5 16
Heterogeneity: ° = 1.50, df = 3 (P = 0.68); I = 0%
Test for overall effect: Z = 2.44 (P = 0.01)
From 2000
Nordback et a/* 2 25 5 33 13.2%  0.53[0.11,2.50] 2001 e
Isenmann et a/™” 3 41 4 35 13.2%  0.64[0.15, 2.67] 2004 T
Rokke et a/'! 8 17 5 18 14.8%  1.69[0.69, 4.16] 2004 s
Pederzoli et a/*"! 3 36 4 37 12.1%  0.77[0.19,3.20] 2007 T
Dellinger et a/'” 10 50 9 50 27.5%  1.11[0.49, 2.50] 2007 i
Xue et a*” 3 29 4 27 12.7%  0.70[0.17,2.84] 2009 T
Garcia-Barrasa et a/*" 4 22 2 19 6.6%  1.73[0.35,8.41] 2009 T
Subtotal (95% CI) 220 219 100.0%  1.01[0.65, 1.56] 4
Total events 33 33
Heterogeneity: y° = 3.24, df = 6 (P = 0.78); P =0%
Test for overall effect: Z = 0.03 (P = 0.98) } } } }

0.02 0.1 1 10 50

Favours antibiotics Favours placebo/none

Figure 2 Updated meta-analysis of antibiotic prophylaxis vs placebo/none-treatment. The meta-analysis was stratified into two periods, i.e., before 2000 and
from 2000. In the later period, no benefit was obtained from prophylactic antibiotics (RR = 1.01, P=0.98; Mantel-Haenszel test, fixed effect model, two-sided).

Table 2 Mortality rates and related parameters between dif-

ferent periods

Table 3 Estimate of required sample size based on the pool-

ing estimate from 2000

Period Antibiotics' (%) Control> (%) ARR (%) RRR (%) NNT A o B po up pi p2 |p1-p2| Group Study
Before 2000 5.26 18.18 12.92 71.07 8 0.10 0.05 0.10 1.9600 1.2816 0.1500 0.1507 0.0007 272 544
From 2000 15.00 15.07 0.07 0.46 1429 0.05 0.05 0.05 1.9600 1.9600 0.1500 0.1507 0.0007 1615 3230

'The mortality rate of the subgroup before 2000 was significantly lower
than the subgroup from 2000 (P = 0.019; by SPSS 13.0, Pearson ;(Z test, two-
sided); “No significant difference of mortality rate between two periods
(P = 0.571; by SPSS 13.0, Pearson / test, two-sided). ARR: Absolute risk
reduction; RRR: Relative risk reduction; NNT: Number needed to treat.

0 Subgroups
[] Before 2000
From 2000 &
0.5 © B
=z o
&
gl T o
pig
()
1.5 - O
2 | | | | |
0.02 0.1 1 10 50
RR

Figure 3 Funnel plot of the meta-analysis. Apparently asymmetrical distribu-
tion was found in the period before 2000.

indicated that the overall accumulated sample size need
3230 patients. The linear regression test showed the accu-
mulated sample size is positively correlated with the time
period (year by year from 2000) (Figure 4). If there were
no larger-scale RCTs, it would take a long time to achieve
the statistical goal, and the controversy would continue.
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A: Threshold of difference value; o: Possibility of type I error; B: Possibility
of type II error; po: Critical value corresponding to a; up: Critical value
corresponding to f3; pl: Possibility of mortality in prophylactic antibiot-
ics group; p2: Possibility of mortality in placebo or blank control group;
| p1-p2 | : Absolute value of difference between two groups.

1200 [ <& Sample
"""" Accumulated sample
Sample = 46.61 x year - 93 266
8 900 T .
o -
a ~
8o 7
3 600 P
& ~
2 o
2 O &
g 300 -
/
OO0
O
0 Il Il Il
2000 2005 2010 2015 2020

Year from 2000

Figure 4 Linear correlation of accumulated sample size from 2000. There
is highly positive correlation between the accumulated sample size and the year
from 2000 (r = 0.954, P = 0.000; Pearson correlation test, two-sided).

An assumed large-scale trial (sensitivity analysis): If
years later a large-scale RCT is completed, how will it con-
tribute to addressing the controversy on prophylactic anti-
biotics for SAP? Thus, we carried out a sensitivity analysis
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Table 4 Sensitivity analysis by adding a large-scaled randomized controlled trial

Antibiotics Placebo/none-treatment
Mortality rate No. of events Mortality rate No. of events
By best/worst data’ 7.32% 40/544 27.78% 151/544
Meta-analysis3 RR =0.76, 95% CI: 0.38-1.53, P = 0.44 (random effect model)
By pooling data” 15.00% 82/544 15.07% 82/544

Meta—analysis3 RR=1.00, 95% CI: 0.79-1.27, P = 0.99 (fixed effect model)

'The mortality rate of antibiotic prophylaxis was obtained from the best outcome in a randomized controlled trial (RCT) after 2000
while that of placebo/none-treatment was from the worst outcome in another RCT after 2000; *The mortality rates were from the pool-
ing data of the subgroup from 2000 in the updated meta-analysis; “The meta-analysis included both the 7 RCTs published from 2000

and an assumed large-scale RCT (by Cochrane RevMan 5.0, Mantel-Haenszel test, two-sided).

to estimate the margin of potential benefit from prophy-
lactic antibiotics (Table 4). It was performed by re-pooling
both the 7 RCTs from 2000 and an assumed large-scale
RCT containing 544 patients for meta—analysisl&w. The
theoretical mortality rates of assumed RCT were evalu-
ated as follows.

Given there was obvious random sampling error, the
best-worst method was used to calculate the best marginal
benefit (Table 4). Since there was between-study hetero-
geneity (P = 0.0003), the meta-analysis was performed
by random effect model. The result of sensitivity analysis
showed no significant benefit of antibiotic prophylaxis
for SAP (RR = 0.76, P = 0.44), which was similar with the
previous meta-analyses (forest plot not shown).

If there was no random sampling error, the mortal-
ity rates would be equal to the pooling data from above
updated meta-analysis (Table 4). The heterogeneity of
repooling estimate was not significant (P = 0.80), so fixed
effect model was used. The result of sensitivity analysis
showed neatly equivalent efficacy between antibiotic pro-
phylaxis and non-antibiotic treatment (RR = 1.00, P =
0.99) (forest plot not shown).

Therefore, we can assume that even if a large-scale
RCT was completed, the RR of the mortality rate would
only range from 0.77 to 1.00 with a relatively narrow
confidence interval (P < 0.05). It means, as a whole, that
antibiotic prophylaxis is not effective for SAP patients.
Moreover, by the sensitivity analysis, the NNT ranged
from 7 to 5069 patients.

DISCUSSION

As the mortality of SAP is obviously associated with the
complications of infection, prophylactic antibiotics have
been administrated for SAP patients for several decades,
which seemed to play an important role in the treatment
of SAP. However, currently, its role is highly questioned
by more and more RCTs and meta-analyses, and the con-
troversies continue due to insufficient evidence.

Among the existing meta-analyses, only one meta-
analysis showed a significant reduction in the mortality
rate by antibiotic prophylaxis, and most of the meta-anal-
yses did not recommend the administration of antibiotic
prophylaxis. Therefore, the current academic opinion ob-
viously trends to be unfavorable for antibiotic prophylaxis
for SAP. However, antibiotic prophylaxis has not been
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given up in clinical practice in the treatment of SAP. Why
do physicians often go reversely in aspect of the decision-
making on antibiotic prophylaxis for SAP?

Practice of evidence-based medicine is a procedure
of integrating the best available external clinical evidence
with clinical expertise and patient needs™. There should
be a balance among these three aspects. If the power of
current available evidence is not robust enough, the in-
fluence of clinical expertise will be inevitably enhanced.
Thus, physicians are quite cautious to the available evi-
dence due to the weakness in the meta-analyses. Firstly,
the eligible RCTs are fairly small-sized and the accumu-
lated sample size is also limited. Secondly, the validity of
some RCTs in earlier period is affected by the absence of
blinding method.

In the funnel plot of our updated meta-analysis, the
asymmetric distribution of RCTs before 2000 implied
that there might be apparent publication bias. At that
petiod, the positive results of trials tended to be accepted
for publication more easily. Therefore, most of the
scholars believed that the evidence before 2000 would be
weak to validate. Another critical reason is that blinding
method was not used in these trials, which may result in
performance and observation biases. Thus, positive results
might be more easily to reach under that condition. Since
the year of 2000, the improved methodology of RCTs
has made the pooling estimate non-significant.

By now, physicians have become more conservative
and suspicious about the administration of prophylactic
antibiotics for SAP. The effectiveness of prophylactic an-
tibiotics seemed to be equal to the placebo or blank con-
trol. Whether the evidence obtained in the current decade
is robust enough to make a mandatory recommendation
to quit the administration of prophylactic antibiotics for
SAP? As small-sized RCTs inevitably result in the random
sampling error. Thus, there must be a long way to go to
answer this question.

Through our hypothesis and calculation, we predict
that antibiotic prophylaxis would not be effective as a
whole in reducing the mortality of SAP patients, even if
a large enough RCT was completed. However, the mi-
nor lower limit of NNT range implies that certain SAP
patients might potentially be benefited by antibiotic pro-
phylaxis. Therefore, if possible, the individual patient data
analysis will be meaningful to identify potential candidates
who can gain survival benefit from antibiotic prophylaxis.
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COMMENTS

Background

The mortality of severe acute pancreatitis (SAP) is obviously associated with
the infectious complications, so prophylactic antibiotics have been adminis-
trated for SAP patients for several decades. However, the role of prophylactic
antibiotics in reduction of mortality of SAP patients has been highly questioned
by more and more randomized controlled trials (RCTs) and meta-analyses.

Research frontiers

Evidence-based medicine is frequently used in clinical practice. Although there
have been several meta-analyses on the administration of prophylactic antibiot-
ics for SAP, the conclusion is still not confirmed. By now, some new reports on
this topic have become available for updated review and analysis.

Innovations and breakthroughs

An updated meta-analysis on the mortality of SAP patients was performed. Pro-
phylactic antibiotics for SAP was compared with control or placebo. Subgroup
analysis showed that there was significant reduction of mortality rate in the
period before 2000, while no significant reduction in the period from 2000. Sen-
sitivity analysis by assuming an ideal large-scale RCT was performed to prove
the results, and found that SAP patients did benefit from prophylactic antibiot-
ics. In addition, current evidences do not support administration of prophylactic
antibiotics as a routine treatment for SAP.

Applications

Although the administration of prophylactic antibiotics for SAP in general
practice is controversial, there is still a potentially high-risk sub-population who
could benefit from prophylactic antibiotics.

Terminology

Prophylactic antibiotics, is administrated to the sterile SAP patients to prevent
the potential and even fatal complications, involving both peri-pancreatic and
systematic infection.

Peer review

The paper investigates the role of prophylactic antibiotics on mortality of severe
acute pancreatitis. The statistical analysis used in the study is appropriate and
the results are reliable.
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