Hepatology International (2020) 14:399-413
https://doi.org/10.1007/512072-020-10025-1

ORIGINAL ARTICLE q

Check for
updates

Antibiotics for prophylaxis of spontaneous bacterial peritonitis:
systematic review & Bayesian network meta-analysis

Hariom Soni' - Praveen Kumar-M" - Vishal Sharma®® - Balaji L. Bellam? - Shubhra Mishra? - Dhruv Mahendru’ -
Harshal S. Mandavdhare? - Bikash Medhi' - Usha Dutta? - Virendra Singh3

Received: 20 November 2019 / Accepted: 18 February 2020 / Published online: 7 April 2020
© Asian Pacific Association for the Study of the Liver 2020

Abstract

Background Various antibiotic regimens are used for primary and secondary prevention of spontaneous bacterial peritonitis
(SBP). A systematic review and network meta-analysis to compare various antibiotics regimens for primary and secondary
prevention of SBP were done.

Methods We did a comprehensive literature search using various databases (i.e. MEDLINE via Ovid and PubMed, Embase,
Cochrane Central Register of Controlled Trials and others) from inception to 26th October 2019 using various keywords. Only
randomised studies which evaluated the role of antibiotics in adult cirrhotic patients with ascites for primary or secondary
prophylaxis of SBP were included. The primary outcome was occurrence/recurrence of SBP episode and other outcomes
assessed were extra-peritoneal infections and reduction in mortality. We did random-effects network meta-analysis using
a Bayesian approach, and calculated odds ratios (ORs) and 95% credible intervals (Crl); agents were ranked using rank
probabilities.

Results We found total 1701 records in our systematic database search and out of these 17 randomised trials were found
eligible for network meta-analysis. For primary prevention of SBP, the odds ratio (95% Crl) for norfloxacin daily was 0.061
(0.0060, 0.33) and for rifaximin daily was 0.037 (0.00085, 0.87) and norfloxacin and rifaximin alternate month was 0.027
(0.00061, 0.61) when compared to placebo or no comparator. For the secondary prevention of SBP, rifaximin daily had odds
of 0.022 (0.00011, 0.73).

Conclusion Rifaximin is useful for both primary and secondary prevention of SBP whereas norfloxacin daily and alternate
norfloxacin and rifaximin are useful for primary prophylaxis.

Keywords Spontaneous bacterial peritonitis - Cirrhosis - Portal hypertension - Ascites - Norfloxacin - Rifaximin -
Prophylaxis - Network meta-analysis - Cotrimoxazole - Fluoroquinolone

PROSPERO Registration No: CRD42020140547. Introduction

Hariom Soni and Praveen Kumar-M have equal contribution. Spontaneous bacterial peritonitis (SBP) is an important

Electronic supplementary material The online version of this infective complication of cirrhosis which may occur in
article (https://doi.org/10.1007/s12072-020-10025-1) contains 7-30% of hospitalised patients and 1.5-3.5% of outpatients
supplementary material, which is available to authorized users. [1, 2]. The occurrence of SBP is a marker of advanced
liver disease [3]. The low-protein ascites in patients with
end-stage liver disease have low opsonic activity and is
prone to get infected [3, 4]. SBP is usually due to Gram-
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of SBP is suggested by the spectrum of organisms usu-
ally implicated i.e. Gram-negative bacilli although recent
trends indicate a shift in the pattern of causative organisms
[2, 7]. Although the outcomes in patients with SBP have
improved, it is still associated with substantial mortality
especially if the causative organisms are drug-resistant [8].

The patients with a particularly low protein in ascitic
fluid (< 1.5 g/dL), advanced liver disease and deranged
renal function (creatinine of > 1.2 mg/dL) have heightened
risk of developing SBP and are candidates for primary
prophylaxis [9, 10]. Also, those with a previous episode
of SBP are at an increased risk of recurrence of SBP and
usually receive secondary prophylaxis. Various antibiotics
in different regimens (daily administration, alternate day
therapy and weekly) have been used for these indications
[10-26]. It is unclear if any particular antibiotic regimen
is associated with better outcomes vis-a-vis the other regi-
mens. Therefore, we performed a systematic review and
network meta-analysis of randomised trials comparing the
use of various antibiotic regimens with each other or with
controls to determine the most appropriate antibiotic regi-
men for primary and secondary prophylaxis of SBP.

Methodology

The study was conducted and reported according to the
PRISMA Extension Statement for Reporting of Systematic
Reviews Incorporating Network Meta-analyses of Health
Care Interventions.

Search strategy and study selection

We did a comprehensive literature search in various data-
bases (i.e. MEDLINE via Ovid and PubMed, Embase,
Scopus, Web of science, LILAC, CENTRAL (Cochrane
Central Register of Controlled Trials) and clinical trials.
gov from inception to 26th October 2019. The detailed
search strategy is shown in Supplementary Table 1. Two
study reviewers (HS and BLB) did a separate compre-
hensive electronic search without any restrictions. The
search used the following keywords “liver cirrhosis”,
“chronic liver disease”, antibiotic, norfloxacin, rifaximin,
ciprofloxacin, cotrimoxazole, “primary prevention” and
“secondary prevention”. The bibliography of all relevant
studies was manually reviewed to identify relevant stud-
ies. Two reviewers (HS and DM) independently reviewed
each study for inclusion criteria and excluded non-relevant
studies with discrepancies being discussed and resolved
with other reviewers (VS and BLB).

@ Springer

Eligibility criteria

Randomised control studies were included if they met the
following inclusion criteria: studies evaluating antibiotic
as prophylactic intervention either for SBP, other bacterial
infections or mortality in adult patients of liver cirrhosis
with ascites, with (secondary prophylaxis) or without (pri-
mary prophylaxis) history of previous SBP episodes. The
“placebo” group included the patients who received pla-
cebo as well as those who did not receive any intervention
(controls). The antibiotic regimens were further grouped
on the basis of the number of days of intervention/dosing
in a week, into daily or intermittent. Daily administra-
tion for the purpose of this meta-analysis included those
groups where the administration was for >5 days in a
week. Intermittent administration included administration
at frequency < 5 days in a week and included an alternate
day or once a week administration. The combination of
two antibiotics in a regimen was grouped as a separate
intervention group for evaluation. We included only those
studies where a minimum duration of therapy of at least
4 weeks was administered. We excluded studies in which
study population had compensated liver cirrhosis, stud-
ies where antibiotics were administered only for a period
of hospitalisation (for indications like gastrointestinal
bleeding or treatment of SBP) or for other indications
(e.g., hepatic encephalopathy). We also excluded non-
randomised studies e.g. observational studies, case series,
studies without a relevant comparator, reviews and studies
that were published in non-English language. However,
systematic reviews, meta-analysis and other important
studies were reviewed to identify potentially eligible trials.

Study groups and outcomes

Included studies were categorised on the basis of use of
antibiotics either for the primary (prevention of the first
episode of SBP in patients without a previous episode of
SBP) or secondary prophylaxis (prevention of recurrence
of SBP in patients with a prior episode of SBP). For the
mixed studies which reported both the subsets, we made
an effort to extract data separately for the primary and
secondary prophylaxis. In case, this extraction was not
feasible we included such studies (mixed studies) in the
aggregate analysis where all studies irrespective of nature
of prophylaxis were combined.

The outcomes assessed in each category include occur-
rence/recurrence of SBP, the occurrence of any other
bacterial infection (extra-peritoneal infections) and mor-
tality. The definition of SBP episode (both occurrence/
recurrence) was polymorphonuclear cell count in ascitic
fluid equal to or higher than 250/mm? in the absence of
intra-abdominal causes of infection [25] and also included
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other variant such as culture-negative neutrocytic ascites
(CNNA) [16]. Microbiological details of infections which
occurred with the use of various antibiotic regimens were
also analysed.

Data extraction

Data extraction was done with a predefined form to capture
data on study characteristics, participants-related, inter-
ventions-related and bacteriological data. Reviewers (HS,
BLB and SM) independently reviewed and extracted data
from included studies and discrepancies were resolved by
consensus.

The geometry of the network

The network plot was constructed for each outcome in all
three categories (primary, secondary, aggregate) to assess
the geometry of the treatment network. In all the network
plots, the circle represents the intervention and thickness of
the line connecting the circle are proportional to the avail-
able number of studies. The network plot was assessed for
a closed triangle for the conduct of node-splitting analysis
which enables comparison between the direct effects (avail-
able information) with that of indirect effect obtained by
network meta-analysis.

Risk of bias assessment

Potential biases related to individual studies on selected
study outcome (SBP) were assessed for evidence of bias
with the Cochrane revised tool to assess the risk of bias in
randomized trials (RoB 2.0 tool). Risk of bias was assessed
in duplicates by two authors independently (HS and BLB),
with disagreements addressed by re-evaluation, in conjunc-
tion with a third reviewer (VS) as per the RoB 2.0 tool.

Statistical analysis

For all the outcomes, the data from the intention-to-treat
analysis were extracted and were dichotomous in nature. The
odds ratio along with 95% Crl (Credible Interval) for each
outcome was calculated by Bayesian network meta-analysis
methodology. For the rank probability, the SBP occurrence/
recurrence in each of the three categories was considered
and the ranks of the intervention in each category described.

Methodology of analysis

We performed an arm based network meta-analysis using a
Bayesian approach. Individual rows consisted of treatment
arm and included data from all the included studies. R statis-
tical software was used for statistical analysis (version 3.5.2;

R Foundation, Vienna, Austria) and ‘gemtc’ along with its
dependency packages were used. A logit likelihood function
was used for the construction of a Bayesian random-effects
network model (consistency model). The uniform standard
deviation was assumed for heterogeneity prior and the initial
values for modelling were heuristically imputed based on the
outcome scale. The convergence diagnostics namely point
scale reduction factor (Gelman Rubin diagnostics) and Gel-
man Rubin plot were used for modulating the burnin, infer-
ence, thinning and number of chains until it is adequate for
the development of the final model. The details regarding the
assessment of consistency and meta-regression have been
provided in the supplementary appendix. The usefulness of
random effects Bayesian network meta-analysis was shown
using a directed acyclic graph (Supplementary Figure 6).
Directed acyclic graph is a probabilistic graphical model that
represents a set of variables and their conditional dependen-
cies and hence would help the reader in understanding the
entire metanalytic process.

Results
Search results and study characteristics

In the systematic search, 1701 citations were identified.
After duplicate removal, 1135 citations were assessed for
the title, abstract or full text for potentially eligible studies.
Full text of 38 articles were read, of which 23 randomised
studies were identified. These randomised studies were
discussed for eligibility among four authors and finally 17
randomized studies were found eligible (Table 1 and Supple-
mentary Table 2) and rest six studies were excluded for vari-
ous reasons (Supplementary Table 3). The schematic dia-
gram of the study selection (PRISMA flow chart) is shown
in Fig. 1. The eligible studies were done during the period
from 1990 to 2018 and the important study characteristics
of each included study have been summarized in Table 1.
The detailed primary objectives, inclusion—exclusion criteria
and definition used have been summarized in Supplemen-
tary Table 2. We excluded certain studies for various rea-
sons including the studies which provided treatment during
hospitalization [27, 28]; when the comparison included use
of additional agent other than antibiotics in one of group
[29]; when antibiotics were used for prevention of hepatic
encephalopathy [30, 31] and when relevant endpoints were
not addressed in the study [32].

Summary of network geometry
The network plot of all three outcomes (occurrence/recur-

rence of SBP, other infections and mortality) for primary and
secondary prophylaxis is depicted in Fig. 2.

@ Springer
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Identification

546 (Records) -
117 (Records) -
122 (Records) -
428 (Records) -
178 (Records) -
218 (Records) -

STEP 1A

82 (Records) -

Ovid Medline
PubMed
EMBASE

Web of Science
LILACS
CENTRAL

Records identified
Scopus through database
searching (n=1691)

Additional records identified through manual
bibilographic search of potential articles
(n=10)

4l d31S

Screening

Eligibility

Total records identified
(n=1701)

A4

Records screened for title
(n=1135)

Duplicate records were removed
(n=566)

VZ d31S

Records removed by screening
(n=928)

Records screened for abstract
(n=207)

@@

Records removed by screening (n = 169)
68 Abstracts
47 Narrative review
19 Systematic reviews and meta-analysis
18 Observational studies
4 Other than english language
4 Unrelated studies
3 Letter to editor
6 Other reasons

Full-text of articles assessed for
eligibility
(n=38)

@

Full-text articles excluded (n = 21)
8 Observational studies

6 Not meeting inclusion criteria
3 Letter to editor
4 Other reasons

Studies included in quantitative
synthesis (meta-analysis)
(n=17)

@

Fig.1 PRISMA flowchart for the selection of studies for the meta-
analysis. This included four steps comprising of identification of
relevant titles from various databases (Step 1A) and through manual
searches (Step 1B); exclusion of duplicates (step 2A), screening of

Primary prophylaxis for SBP

Total ten studies with 973 patients were included. Three
studies compared ciprofloxacin with placebo [14, 15, 18],
three studies compared norfloxacin with placebo [10, 13,
16], two studies compared norfloxacin with TMP-SMX [19,
23], one study each compared norfloxacin with ciprofloxacin
[12] and rifaximin [11].

title (step 2B) or abstract of the article (step 2C). Following this rel-
evant full-text articles were assessed for eligibility (Step 3) and even-
tually 17 papers fulfilling the inclusion criteria were included in the
quantitative analysis (Step 4)

Secondary prophylaxis for SBP

Total nine studies with 737 patients were included. Two
studies compared rifaximin with norfloxacin [25, 26], two
studies compared norfloxacin with TMP-SMX [19, 23], one
study each compared norfloxacin with placebo [24] and with
rufloxacin [21], and one study compared ciprofloxacin with
placebo [18]. Zayed et al. compared six antibiotic regimes

@ Springer
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Primary prophylaxis
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Norfloxacin daily
Placebo .

>

Z

5

s @ Ciprofloxacin daily
S

Rifaximin daily @

Rifaximin Norfloxacin daily

Fig.2 Network plot of included studies for outcome category of
SBP occurrence/recurrence, other infections and mortality in the cat-
egory of primary and secondary prophylaxis. Each node is represent-

with 30 patients in each group namely ciprofloxacin once
weekly and twice-weekly, norfloxacin daily and weekly and
TMP-SMX 5 days a week and once weekly [22]. One study
compared norfloxacin daily and weekly ciprofloxacin [12].

The odds ratio of treatment regimens

For the outcome of SBP occurrence in the category of
Primary SBP, Norfloxacin daily, Rifaximin daily and,
Rifaximin Norfloxacin daily had a significant odds of
0.061 (95% Crl —0.0060,0.33), 0.037 (0.00085, 0.87)
and 0.027 (0.00061, 0.61), respectively, as compared to
that of Placebo or no comparator (Fig. 3). For the out-
come of SBP recurrence in the category of Secondary
SBP, only Rifaximin daily had a significant difference of

@ Springer

Secondary prophylaxis

Norfloxacin intermittent

@ Norfloxacin daily

Placcho @

Rifaximin daily @ @ Ciprofloxacin intermittent

Rufloxacin intermittent @ @ TMP/SMX intermittent

TMP/SMX daily

Placebo

Rufloxacin intermittent @ @ Norfloxacin daily

TMP/SMX daily

Norfloxacin intermittent

Placebo @)

@ Norfloxacin daily

Rifaximin daily @) @ Ciprofloxacin intermittent

Rufloxacin intermittent @) @ TMP/SMX intermittent

TMP/SMX daily

ing individual treatment available for comparison and the thickness
between the connections according to the number of studies directly
comparing the treatments

0.022 (0.00011, 0.73) as compared to that of Placebo no
comparator (Fig. 3). All other treatments for the outcome
of SBP occurrence/recurrence in all three categories had
an odds whose 95% CrlI crossed unity as compared to that
of Placebo or no comparator. For the outcome of other
infections in all three categories namely primary, second-
ary and aggregate out of the 3, 3 and 5 treatments for
which comparison was available against the placebo or no
comparator, none were significant (Fig. 4). For the out-
come of mortality in primary and secondary category out
of the four and seven treatments for which comparisons
were available against the placebo or no comparator, none
were significant. Table 2 shows the comparison of the odds
ratio of all the available treatments against each other for
all three outcomes.



Hepatology International (2020) 14:399-413

407

Primary prophylaxis
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Secondary prophylaxis
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Fig.3 Comparative efficacy of different antibiotics as compared to that of placebo or no comparator for outcome category of SBP occurrence/
recurrence, other infections and mortality in the category of primary and secondary prophylaxis

Rank probability of treatment regimens

In primary SBP for the outcome of SBP occurrence, the
highest probability of the first rank was Rifaximin-Nor-
floxacin daily (0.48) followed by Rifaximin daily (0.25). In
the same outcome category, for the second rank the high-
est probability was with Rifaximin daily (0.37) followed by
Rifaximin-Norfloxacin daily (0.27) and for third rank Nor-
floxacin daily (0.42) followed by Rifaximin daily (0.18),
respectively. The placebo or no comparator has the highest
probability (0.52) of being the last rank (rank 7) (Fig. 4).
In secondary SBP for the outcome of SBP reoccurrence,
the highest probability of the first rank was Rifaximin daily
(0.76) followed by Ciprofloxacin intermittent (0.08). In the
same outcome category, for the second rank the highest
probability was with Ciprofloxacin intermittent (0.29) fol-
lowed by Norfloxacin intermittent (0.16) and for third rank
Ciprofloxacin intermittent (0.22) followed by equal prob-
ability among Norfloxacin daily.(0.18) and TMP/SMX daily
(0.18). The placebo or no comparator has the highest prob-
ability (0.5) of being the last rank (rank 8) (Fig. 4). We have
provided the model diagnostic of the final model for each
outcome in all three categories as Supplementary Table 4.
The aggregate prophylaxis (including all studies for
primary and/or secondary SBP) was done and the details

are provided in supplementary appendix (Supplementary
Table 5, Supplementary Fig. 1, 2 and 3).

The analysis of the microbiological findings of the SBP
(Supplementary Table 6 and Supplementary Fig. 4), meta-
regression (Supplementary Table 7) taking duration of
therapy as a covariate and statistical exploration of incon-
sistency (Supplementary Fig. 5) have been provided in
supplementary appendix. A directed acyclic graph depict-
ing the advantage of Bayesian random effect meta-analysis
has been provided as Supplementary Fig. 6.

Risk of bias across studies

The risk of bias summary about each domain of risk of
bias is presented in Supplementary Table 8. Nine studies
were found well-conducted and evaluated as low risk of
bias in all the domains [10, 11, 13-15, 19, 20, 24, 25], two
studies had ‘some concerns’ in the randomization process
and overall fell in the ‘some concern’ category [16, 18],
six studies were found as high risk of bias in the rand-
omization process and counted in ‘high risk’ category as
overall bias [12, 17, 21-23, 26].
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Fig.4 Figure depicting the rank
probability of various antibiotic 05
regimens for primary and sec-
ondary prophylaxis of SBP
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Discussion

The results from our network meta-analysis suggest that
use of norfloxacin or rifaximin daily were more effective
than controls for primary prophylaxis of SBP. Prophylactic
antibiotics for SBP are used for selective gut decontami-
nation that could reduce Gram-negative organisms in the
gastrointestinal tract and limit their translocation [16]. Two
previous systematic reviews have addressed the issue of anti-
biotic prophylaxis for the prevention of SBP [33, 34]. One
systematic review addressed only the primary prophylaxis
and suggested that norfloxacin was the antibiotic of choice

@ Springer
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6 7 8
Rank
for primary prophylaxis. However, this review also included
studies which were not directly aimed to address the issue
of prevention of SBP and had studied the use of antibiotics
for cirrhosis related hepatic encephalopathy (Supplementary
Table 3). Also, the review did not discriminate the regimens
on the basis of dosing strategy and treated all antibiotics
regimens using one antibiotic as a single group. This may
be fallacious as daily and weekly dosing strategy may not act
alike and the efficacy and side effects of these are expected
to be different [33]. Norfloxacin and rifaximin have impor-
tant differences in their action and adverse effects. While
fluoroquinolones are an attractive option due to their action
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Table 2 Table showing the comparison of odds ratio of all the available treatments against each other for all three outcome in primary and sec-

ondary category, respectively

Primary prophylaxis
SBP recur-  Treatment Ciprofloxacin ~ Ciprofloxacin ~ Norfloxacin Placebo Rifaximin Rifaximin TMP/SMX
rence daily intermittent daily Norfloxacin daily daily
daily
Ciprofloxacin  NA 6.14 (0.23, 12.60 (0.81,  0.76 (0.09, 27.78 (0.79, 20.38 (0.57,  7.58 (0.15,
daily vs 466.74) 720.58) 16.81) 5130.42) 3585.72) 1115.76)
Ciprofloxacin ~ 0.16 (0.00, NA 2.08 (0.15, 0.13 (0.01, 4.72 (0.11, 3.47 (0.08, 1.22 (0.02,
intermittent 4.37) 38.79) 1.73) 292.39) 200.94) 72.04)
Vs
Norfloxacin 0.08 (0.00, 0.48 (0.03, NA 0.06 (0.01, 2.31(0.13, 1.68 (0.10, 0.59 (0.03,
daily vs 1.24) 6.86) 0.33) 39.94) 28.54) 9.44)
Placebo vs 1.31 (0.06, 7.76 (0.58, 16.27 (3.00, NA 37.11 (1.65, 26.93 (1.15,  9.63 (0.35,
11.69) 143.68) 165.57) 1651.85) 1177.21) 374.29)
Rifaximin 0.04 (0.00, 0.21 (0.00, 0.43 (0.03, 0.03 (0.00, NA 0.73 (0.04, 0.25 (0.00,
Norfloxacin 1.27) 9.43) 7.51) 0.61) 12.44) 12.65)
daily vs
Rifaximin 0.05 (0.00, 0.29 (0.00, 0.59 (0.04, 0.04 (0.00, 1.37 (0.08, NA 0.35 (0.01,
daily vs 1.74) 12.76) 10.44) 0.87) 22.40) 17.83)
TMP/SMX 0.13 (0.00, 0.82 (0.01, 1.70 (0.11, 0.10 (0.00, 3.97 (0.08, 2.89 (0.06, NA
daily vs 6.77) 40.60) 29.85) 2.87) 216.68) 163.57)
Other infec- Treatment Ciprofloxacin ~ Norfloxacin Placebo TMP/SMX
tion daily daily daily
Ciprofloxacin NA 0.85(0.29, 0.83 (0.37, 0.54 (0.08,
daily vs 2.42) 1.87) 3.45)
Norfloxacin 1.18 (0.41, NA 0.98 (0.50, 0.64 (0.13,
daily vs 3.40) 1.94) 2.93)
Placebo vs 1.20 (0.53, 1.02 (0.51, NA 0.65 (0.11,
2.71) 2.01) 3.50)
TMP/SMX 1.86 (0.29, 1.57 (0.34, 1.54 (0.29, NA
daily vs 12.65) 7.72) 8.85)
Mortality Treatment Ciprofloxacin ~ Norfloxacin Placebo Rifaximin Rifaximin
daily daily Norfloxacin daily
daily
Ciprofloxacin NA 0.47 (0.11, 0.32 (0.09, 0.96 (0.13, 0.72 (0.10,
daily vs 1.90) 1.03) 6.84) 5.00)
Norfloxacin 2.13 (0.53, NA 0.69 (0.32, 2.03 (0.52, 1.52 (041,
daily vs 9.10) 1.44) 8.55) 5.73)
Placebo vs 3.08 (0.97, 1.45 (0.69, NA 2.95 (0.64, 2.22 (0.49,
11.01) 3.12) 14.89) 10.07)
Rifaximin 1.05 (0.15, 0.49 (0.12, 0.34 (0.07, NA 0.75 (0.17,
Norfloxacin 7.57) 1.92) 1.56) 3.02)
daily vs
Rifaximin 1.40 (0.20, 0.66 (0.17, 0.45 (0.10, 1.34 (0.33, NA
daily vs 9.78) 2.47) 2.06) 5.78)
Secondary prophylaxis
SBP occur- Treatment Ciprofloxa- Norfloxacin Norfloxacin Placebo Rifaximin ~ Rufloxacin TMP/SMX TMP/SMX
rence/ cin inter- daily intermit- daily intermit- daily intermittent
recur- mittent tent tent
rence
Ciprofloxa- NA 0.59(0.04, 0.59(0.02, 0.12(0.00, 5.50(0.16, 0.23(0.00, 0.64 (0.03, 0.42(0.01,
cin inter- 5.24) 14.23) 2.93) 317.90) 11.91) 8.72) 8.59)
mittent vs
Norfloxacin  1.70 (0.19, NA 1.00 (0.04, 0.20(0.01, 9.13(0.92, 0.38(0.01, 1.09 (0.11, 0.69 (0.03,
daily vs 28.11) 30.31) 3.77) 322.63) 12.25) 10.36) 19.05)
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Table 2 (continued)

Secondary prophylaxis
Norfloxacin  1.70 (0.07,  1.00 (0.03, NA 0.20(0.00, 9.35(0.18, 0.38(0.00, 1.08(0.03, 0.70(0.02,
intermit- 66.65) 25.97) 13.94) 1212.75) 46.84) 31.71) 27.14)
tent vs
Placebovs  8.28(0.34, 491(0.27, 498(0.07, NA 45.31(1.37, 1.87(0.02, 5.42(0.15, 3.47(0.06,
769.85) 176.56) 669.11) 8764.39) 294.07) 343.58) 435.12)
Rifaximin 0.18 (0.00, 0.11(0.00, 0.11(0.00, 0.02(0.00, NA 0.04 (0.00, 0.12(0.00, 0.07 (0.00,
daily vs 6.10) 1.08) 5.52) 0.73) 2.19) 2.68) 3.36)
Rufloxacin ~ 4.31(0.08, 2.60 (0.08, 2.60(0.02, 0.53(0.00, 23.82(0.46, NA 2.83(0.04, 1.83(0.02,
intermit- 427.25) 81.05) 338.34) 46.81) 4109.22) 171.32) 215.19)
tent vs
TMP/SMX 156 (0.11, 0.92(0.10, 0.93(0.03, 0.18(0.00, 8.63(0.37, 0.35(0.01, NA 0.65 (0.02,
daily vs 37.54) 8.81) 29.30) 6.84) 607.32) 22.71) 18.95)
TMP/SMX  2.40(0.12, 1.45(0.05, 1.43(0.04, 0.29(0.00, 13.48(0.30, 0.55(0.00, 1.55(0.05, NA
intermit- 86.14) 33.94) 55.18) 17.58) 1702.49) 58.30) 41.89)
tent vs
Other Treatment  Norfloxacin Placebo Rufloxacin ~ TMP/SMX
infections daily intermit- daily
tent
Norfloxacin NA 0.54 (0.05, 1.18(0.16, 7.01(0.42,
daily vs 4.78) 8.98) 284.11)
Placebo vs 1.85(0.21, NA 2.19(0.11, 13.70(0.35,
18.25) 46.76) 1001.76)
Rufloxacin ~ 0.84 (0.11, 0.46 (0.02, NA 6.00 (0.19,
intermit- 6.34) 9.07) 394.86)
tent vs
TMP/SMX  0.14 (0.00, 0.07 (0.00, 0.17(0.00, NA
daily vs 2.36) 2.85) 5.32)

Mortality Treatment Ciprofloxa- Norfloxacin Norfloxacin Placebo Rifaximin ~ Rufloxacin TMP/SMX TMP/SMX
cin inter- daily intermit- daily intermit- daily intermittent
mittent tent tent

Ciprofloxa- NA 1.16 (0.29, 0.75(0.19, 0.74(0.11, 2.40(0.42, 0.62(0.06, 0.93(0.23, 0.75(0.20,
cin inter- 5.19) 3.04) 5.33) 14.80) 6.08) 3.82) 2.97)
mittent vs

Norfloxacin  0.86 (0.19, NA 0.64 (0.14, 0.63(0.16, 2.06(0.72, 0.52(0.08, 0.79 (0.16, 0.64 (0.13,
daily vs 3.39) 2.94) 2.43) 5.83) 2.99) 3.65) 2.90)

Norfloxacin  1.33 (0.33, 1.56(0.34, NA 0.99 (0.13, 3.21(0.52, 0.83(0.08, 1.23(0.28, 1.00(0.23,
intermit- 5.14) 7.40) 7.57) 20.89) 8.57) 5.56) 4.39)
tent vs

Placebovs  1.36(0.19, 1.59 (041, 1.01(0.13, NA 3.26 (0.60, 0.84(0.09, 1.25(0.16, 1.01(0.13,

9.41) 6.33) 7.82) 18.43) 7.52) 10.00) 7.85)

Rifaximin 0.42(0.07, 0.49(0.17, 0.31(0.05, 0.31(0.05, NA 0.25(0.03, 0.39 (0.06, 0.31(0.05,
daily vs 2.37) 1.39) 1.94) 1.68) 1.93) 2.45) 1.95)

Rufloxacin ~ 1.61(0.16, 1.91(0.33, 1.21(0.12, 1.19(0.13, 3.93(0.52, NA 1.51(0.14, 1.21(0.12,
intermit- 16.66) 11.94) 13.27) 11.76) 31.37) 16.84) 13.29)
tent vs

TMP/SMX 1.08 (0.26, 1.27(0.27, 0.81(0.18, 0.80(0.10, 2.59 (0.41, 0.66(0.06, NA 0.81 (0.18,
daily vs 4.26) 6.23) 3.62) 6.35) 17.50) 7.07) 3.57)

TMP/SMX  1.33(0.34, 1.56(0.35, 1.00(0.23, 0.99(0.13, 3.20(0.51, 0.82(0.08, 1.23(0.28, NA
intermit- 5.11) 7.62) 4.35) 7.68) 21.48) 8.59) 5.55)
tent vs
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against Gram-negative bacteria and low systemic absorption
(especially norfloxacin), recent reports suggest increase in
drug-resistant infections as a cause of SBP [35]. Use of fluo-
roquinolones (FQ) is associated with the risk of development
of FQ resistant strains. Indeed, some studies demonstrate the
appearance of FQ resistant strains in faeces with FQ admin-
istration [11]. Rifaximin, although costlier, has the benefit
of minimal systemic bioavailability and risk of resistance
is deemed to be lower [36]. Our results suggest that while
daily norfloxacin and rifaximin could be acceptable options
for primary prophylaxis of SBP, the use of ciprofloxacin
(daily or intermittent) or trimethoprim-sulfamethoxazole is
not more effective than controls. These results with regard
to rifaximin should be interpreted with caution as there was
only one eligible study for use as primary prophylaxis.
None of the systematic reviews previously have addressed
the issue of comparison of antibiotics for the secondary
prophylaxis of SBP although one meta-analysis included all
the trials dealing with primary and secondary prophylaxis.
Also, the authors compared one antibiotic to the other rather
than antibiotic regimens [34]. Patients who are candidates
for secondary prophylaxis may have a greater likelihood
of underlying drug resistance related to the prior exposure
to antibiotics and hospitalisation. Our results suggest that
rifaximin is the only antibiotic regimen which had signifi-
cant efficacy for secondary prevention. None of the regimens
utilising fluoroquinolones or trimethoprim-sulfamethoxazole
demonstrated significant efficacy when compared to con-
trols. This suggests that rifaximin could be a preferred drug
for secondary prophylaxis. This may be related to the fact
that these patients with the possibility of prior exposure to
antibiotics might harbor a greater risk of FQ resistant organ-
isms. The choice of antibiotic for prophylaxis should also
account for the risk of the emergence of multidrug-resistant
strains with the use of prophylactic antibiotics. This concern
is especially important with the use of FQs for prophylaxis
as the majority of quinolone-resistant strains are also resist-
ant to trimethoprim-sulfamethoxazole [35]. The European
association for the study of liver (EASL) in 2018 suggested
the use of norfloxacin in high-risk cirrhotic patients (low
protein ascites) for primary and secondary prophylaxis of
SBP. Although the guidelines did not suggest the use of
rifaximin in spite of the “promising evidence’ [37]. It is
unclear why the guidelines committee did not recommend
the use of rifaximin but the possible reason could be small
number of studies (especially the direct trials against daily
norfloxacin) and higher costs. However, our meta-analysis
suggests that this recommendation should be re-evaluated
and future studies should focus on comparing daily norfloxa-
cin and rifaximin. This is especially relevant in the wake
of issues associated with fluoroquinolone use i.e. baseline
resistance to fluoroquinolones, higher risk of acquiring

methicillin-resistant Staphylococcus aureus and concerns
regarding adverse effects like peripheral neuropathy and
tendonitis [38].

Our analysis of microbiological data from the SBP infec-
tions demonstrates, as expected, a reduction in the risk of
Gram-negative organism related SBP with most of the anti-
biotic regimens. Unexpectedly, ciprofloxacin daily was seen
to be associated with increased risk of Gram-negative SBP.
The reason is unclear but possibly related to the increased
number of Gram-negative infections noted in one study. In
fact, this is one of the few studies which showed a lack of
efficacy of antibiotics for primary prophylaxis of SBP [14].

Our network meta-analysis has few limitations: some of
the arms have been tested only in a limited number of trials
or patients and we could not estimate the effect of underlying
liver disease on the efficacy of prophylactic strategy because
of lack of such information in the included trials. However,
the separate analysis of primary and secondary prophy-
laxis, and separation of intermittent and daily regimens are
important strengths because these results could be helpful
to the clinicians to tailor the choice of antibiotics for differ-
ent clinical situations. Also, we conducted meta-regression
evaluating the duration of treatment as a covariate and our
results suggest that duration of treatment does not seem to
have impact on the results of the meta-analysis. To account
for some of the large studies which did not provide data
separately for primary and secondary prophylaxis we have
also done an aggregate analysis and the efficacy of rifaximin
did not seem to change with this analysis.

In conclusion, rifaximin seems to be efficacious in both
the setting of primary as well as secondary prophylaxis
whereas daily norfloxacin seems to be beneficial in the pri-
mary prevention of SBP. However, further studies should
address the use of rifaximin as primary prophylaxis as the
current evidence for its use is based on only a single study.
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