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ABSTRACT

Objectives: Patients with methicillin susceptible Staphylococcus aureus bacteremia
(MsSaB) are treated by cefazolin (Cfz) or anti-staphylococcal penicillin’s (ASPs) as the
preference drug, although they may be not equally effective in some clinical scenarios.
We performed a comprehensive meta-analysis and trial sequential analysis to assess
the updated evidence comparing Cfz with ASPs in patients with MsSaB. Methods: We
searched the databases including PubMed, Cochrane Central Register of Controlled
Trials, Cochrane Database of Systematic Reviews and ClinicalTrials.gov from inception
to July 2019 for studies investigating the effects of Cfz and ASP in patients with MsSaB.
The primary endpoint was the 90-day all-cause mortality rate. Results: We included 16
studies with 13847 patients with MsSaB. Nine reports showed that the Cfz group might
be associated with lower the 90-day all-cause mortality rate than ASP (odds ratio [OR],
0.675; 95% confidence interval [Cl], 0.485-0.938; p=0.019, low quality of evidence).
In addition, Cfz group might be associated with lower 30-day mortality rate (OR, 0.681;
95% CI, 0.5633-0.869; p=0.002, low quality of evidence), lower incidence rate of
treatment failure/relapse (OR, 0.644; 95% CIl, 0.509-0.866; p=0.002, low quality
of evidence) and less nephrotoxicity than ASP (OR, 0.296; 95% Cl, 0.167-0.525;
p<0.001, low quality of evidence). Conclusion: We concluded that Cfz and ASP were
at least equally effective in patients with MsSaB according to the all-cause mortality
rates and nephrotoxicity. Because of heterogeneity, underlying variance and inadequate
information size, these results should be interpreted with caution.

Key words: Meta-analysis, Anti-staphylococcal penicillin, Cefazolin, Staphylococcus
aureus, Bacteremia.

Key Messages: The overall odds ratios for all-cause mortality showed a significant
overall effect of patients with methicillin-sensitive Staphylococcus aureus bacteremia in
cefazolin group for reducing the risk of 90-day all-cause mortality and lower incidence
rate of treatment failure/relapse and less nephrotoxicity compared with that of the anti-
staphylococcal penicillin’s group.
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INTRODUCTION

Staphylococcns  anrens (S. aurens) commonly colonizes
human skin and can transform into a significant
human pathogen.! However, S. awrens bacteremia is
often underestimated™ since the associated mortality
rate is 50% and the disease is frequently recurrent if
treated inadequately.>** Howevert, outcomes of S. aureus
bacteremia can be improved by facilitating adherence
to treatment principles and enhancing appropriate choice
of effective antibiotic agents.”” Currently, Jackson ez al.
showed that invasive methicillin susceptible S. aureus
(MSSA) is a more severe public health problem compared
to methicillin-resistant S. aureus because public health
and infection control prevention efforts merely focused
on the prevention of methicillin-resistant . awreus®
Both anti-staphylococcal penicillins (ASP)’ and first-
generation cephalosporin® are drugs of choice for
treating patients with methicillin-sensitive S. aureus
bacteremia (MsSaB). ASP is often recommended as the
first-line therapy for MSSA infections."” Meanwhile, the
cost, multiple dosing schedule and potential penicillin
allergy reaction of ASP make it less ideal than cefazolin
(Cfz) for certain patients with MsSaB."" However,
whether first-generation cephalosporin such as Cfz is as
effective as ASPs is controversial.'*"?

Previous systematic reviews and meta-analysis reported
that the Cfz group was associated with lower mortality
rates than the ASP group or that Cfz group and the ASP
group had similar effectiveness.'”'® However, ranking
Cfz as an alternative choice to ASP reflects potential
problems owing to the possible inactivation of Cfz in
the case of severe MsSaB such as endocarditis;!’ on
the contrary, ASPs is associated with penicillin allergy.”
A literature review showed that some reports on Cfz
treatment failure were case reports and therefore, were
limited by the small sample bias and publication bias.*"*
Moreover, Lee ¢t al. reported a high treatment failure
and mortality rate in patients with . aureus exhibiting a
cefazolin inoculum effect (CIE),' although the inoculum
effect in clinical settings is controversial.* Monogue e#
al. showed that Cfz is an appealing first-line agent for
most MSSA bacteremia.?* Nannini EC ¢z /. suggested that
MsSaB treated with Cfz may result in high treatment
failure rates due to the inoculum effect.” Brown KA e#
al. reported that Cfz had a broader antibacterial spectrum
and a higher possibility of the selection of multi-resistant
bactetia and Clostridium difficile than ASPs* On the
other hand, Cfz was more convenient for dosing and less
nephrotoxic than ASPs.” The previous studies compared
ASP with Cfz but did not adjust for confounding
* particulatly efficacy outcomes. Although
few previously published meta-analysis have evaluated

variables,
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the impact of Cfz and ASP on the improvement of
all-cause mortality and potential adverse reaction in
patients with MsSaB, these studies lack some important
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information such as adequate information size
number of patients with penicillin allergy.®® Moteovet,
previous conclusions concerning all-cause mortality
could have been influenced by the heterogeneity
between individual studies and insufficient meta-analysis
sample size. Quantification of the required sample
size is important to ensure the reliability of the data.”
Clinicians examined whether Cfz could be recommended
in the routine care of patients with MsSaB. Therefore,
we performed this meta-analysis for the following reasons.
First, we identified three studies that were not included
in previous'**%!
16-

systematic review and meta-analysis
studies.'"”® Second, we petformed a trial sequential
analysis to report adequate information size which is
lacking in previous studies. In addition, the primary
outcome in this study is the 90-day mortality rate
because patients with MsSaB may have high pathogen
load and deep tissue infection. We collected all available
data from the included studies to differentiate between
the two groups. We aimed to perform a systematic literature
review, meta-analysis and trial sequential analysis to
compare clinical outcomes between patients with MsSaB
receiving ASP and receiving Cfz.

MATERIALS AND METHODS
Search strategy and inclusion criteria

This study was performed according to the Declaration
of Helsinki and the protocol was approved by the
institutional review board of Changhua Christian
Hospital (CCH IRB No. 180801). From the eatliest
record to July 2019, we searched PubMed, Cochrane
Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews and ClinicalTrials.gov
for studies on care bundles for patients with MsSaB.
All studies reporting the effects of Cfz versus ASP in
patients with MsSaB were eligible for inclusion. Detailed
search strategies are presented in Supplementary

Table S1.

Definition of study outcomes

The definition of ASP included flucloxacillin, nafcillin,
methicillin, dicloxacillin, oxacillin, loxacillin, cloxacillin,
and isoxazolylpenicillin. The definition of Cfz was Cfz.
We included all trials and studies that provided data on
one or more of our target outcomes for both the treated
(receiving Cfz) and control groups (receiving ASP).
The primary endpoint was defined as 90-day all-cause
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Table S1: Complete search strategies.

Search term Paper number
#1 ) (((Staphylococcus aureus[MeSH Terms]) OR aureus) OR Staphylococcus aureus)) 124547
#2 ) (((((blood stream) OR blood) OR septicemia) OR septicemia) OR bacteremia) OR bacteraemia) OR 445998
bacteraemia) OR Blutstrom*) OR bakteriamie))
#3 ) #1 and #2 66665
#4 ) (((CCCCCCC((flucloxacillin) OR nafcillin) OR methicillin) OR dicloxacillin) OR oxacillin) OR floxacillin) OR cloxacillin) 124547
OR betalactam) OR betala*) OR penicillin) OR beta-la*) OR isoxazolylpenicillin)
# 5 ) (cefazolin delta-3-methyl ester) or (cefazolin delta-2-methyl ester) or (Cefazolin) 5216
#06 ) #4 and #5 1868
7) #3 and #6 237

Notes: From the earliest record to July 2019, we searched PubMed, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews and
ClinicalTrials.gov for studies on care bundles for patients with MsSaB. All studies reporting the effects of Cfz versus ASP in patients with MsSaB were eligible for inclusion.
Detailed search strategies are presented in this Supplementary Table. The definition of ASP included flucloxacillin, nafcillin, methicillin, dicloxacillin, oxacillin, floxacillin,
cloxacillin, and isoxazolylpenicillin. The definition of Cfz was Cfz. We included all trials and studies that provided data on one or more of our target outcomes for both the
treated (receiving Cfz) and control groups (receiving ASP). The primary endpoint was defined as go-day all-cause mortality. Secondary endpoints were defined as three
components, including 30-day all-cause mortality, treatment failure/relapse and nephrotoxicity. Because hepatitis, phlebitis or cytopenia were not routinely reported, we

only described nephrotoxicity and did not described others

mortality. Secondary endpoints were defined as three
components, including 30-day all-cause mortality, treatment
failure/relapse and nephrotoxicity. Because hepatitis,
phlebitis or cytopenia were not routinely reported, we
only described nephrotoxicity and did not described
others.

Data extraction and quality assessment

Two reviewers (CHC and YMC) examined all retrieved
articles and extracted data using a predetermined
form, recording the name of the first author, year of
publication, country where the study was conducted,
study design (prospective studies or retrospective
studies), demographic and disease characteristics of
participants, number of enrolled participants and
quality assessment of each study. We tried to contact the
corresponding authors of the selected articles in order
to retrieve some concerning missing data. Each reviewer
independently evaluated the quality of the eligible
studies, using the Jadad scale for the quasi-experimental
studies and Newcastle-Ottawa quality assessment scale
for retrospective studies.’”>” The certainty of evidence
was assessed using the previous reports.”* According
to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) classification, we
listed the certainty of evidence at Supplementary Table
S2.

Statistical analysis

The outcome measures were determined by the odds
ratios (ORs) and a random effects model with pool
individual ORs was used. Analyses were conducted
using the Comprehensive Meta-Analysis software
version 3.0 (Biostat, NJ, USA). Between-trial heterogeneity
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was determined using I* tests. Statistical heterogeneity
was assessed by I* statistic. Heterogeneity was judged
to be low for I* 0—40%, moderate for I* 30-60%, to
be substantial for I* 50-90% and to be considerable
for I* 75-100%.And, values > 50% were regarded as

considerable heterogeneity.”

Funnel plots and Egger’s
test were used to examine potential publication bias.
Statistical significance was defined as a p-value < 0.05.
This study was conducted and reported in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (Supplementary
Table S3).%

In trial sequential analyses, the inconsistence of
heterogeneity (I?) adjusted by required information size
was calculated. According to Hemmingsen,™ the required
information size was calculated with an intervention
effect of a 30% relative risk reduction, an overall 5%
risk of a type I error and a risk of a type II error of 20%.
All trial sequential analyses were performed using TSA
version 0.9 beta (www.ctu.dk/tsa) for these analyses.

RESULTS
Eligible studies

Out of 237 potentially eligible studies, we excluded
irrelevant studies (Figure 1) and finally, 16 studies with
a total of 13847 patients were included in this meta-
analysis.!*?62831394¢ The studies were performed in
North America (8 studies), Asia (7 studies) and Europe
(1 study). The end points used in these studies varied.
The characteristics of the studies fulfilling the inclusion
criteria are presented in Table 1. There were 2 and 14
prospective and retrospective studies respectively (Table 1).
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Figure 1: Flow Chart.

CMA

ClzGroup  ASP Group

No_of Events No. of Events .
No. of I No. of I Ne. of Odds Ratio

i o Favors Favors
Studles 5 e pants Participants (#5%Ch Cfz Group ASP Group
90 Days 0.684
—_—
Mortity 9 MBIATZ TITIITE g 0o’ eny 0.002
30 0ays 0632
Morminr 12 24602696 11989500 o sy —_— 0.018
Clinical Fail " 108/ 1841 195/ 2088 A
inical Failure 0.509.0.868) —_— 0.002
0.431
Nephrotoxichy 6 171499 LT — 0027
02 04 08 04 1 12

Odds Rato (#5% Clj

Figure 2: Forest plot of the overall odds ratios for all
outcomes between two groups.

Forest plot of the overall odds ratios for all outcomes between two groups. The 90 days
all-cause mortality rate was significantly lower in the Cefl group compared with that in
ASP group (OR, 0.675; 95% CI, 0.485-0.938; p = 0.019). The incidence rate of 30 days
all-cause mortality was significantly lower in Cefl group compared with that in ASP
group (OR, 0.681; 95% CI, 0.533-0.869; p = 0.002). The incidence rate of treatment
failure/relapse was significantly lower in Cefl group compared with that in ASP group
(OR, 0.664; 95% CI, 0.509-0.866; p = 0.002).The incidence rate of nephrotoxicity was
significantly lower in Cefl group compared with that in ASP group (OR, 0.296; 95%
CI, 0.167-0.525; p < 0.001).

Abbreviation: ASP: Anti-staphylococcal penicillin; Cef1:first-generation cephalosporin

Pooled ORs for primary outcomes (90-day all-cause
mortality)

A total of 9 studies (4807 patients) described 90-day
all-cause mortality. The 90-day all-cause mortality rate
was significantly lower in the Cfz group than in the
ASP group (OR, 0.675; 95% confidence interval [CI],
0.485-0.938; p=0.019, low quality of evidence; Figure 2,
Supplementary Figure S1).

Pooled ORs for secondary outcomes (30-day all-cause
mortality, treatment failure/relapse and nephrotoxicity)
A total of 12 studies (12176 patients) described the
incidence of 30-day all-cause mortality. The 30-day all-
cause mortality rate was significantly lower in the Cfz
group than in the ASP group (OR, 0.681; 95% CI,
0.533-0.869; p=0.002, low quality of evidence; Figure
2, Supplementary Figure S2).

A total of 11 studies (4829 patients) described the
incidence of treatment failure/relapse. The incidence

296

rate of treatment failure/relapse was significantly lower
in the Cfz group than in the ASP group (OR, 0.664;
95% CI, 0.509-0.866; p=0.002, low quality of evidence;
Figure 2, Supplementary Figure S3).

A total of 6 studies (1188 patients) described the
incidence of nephrotoxicity. The incidence rate of
nephrotoxicity was significantly lower in the Cfz group
than in the ASP group (OR, 0.296; 95% CI, 0.167-0.525;
$<0.001, low quality of evidence; Figure 2, Supplementary
Figure S4).

Pooled ORs for primary and secondary outcomes
in the trial sequential analysis

In the trial sequential analysis between the Cfz and APS
groups, the overall OR for 90-day all-cause mortality
was 0.770 (95% CI, 0.2541-1.113; p=0.091; Figure
3, Supplementary Figure S5a); for 30 days all-cause
mortality, it was 0.780 (95% CI, 0.569—10.740; p=0.0729.
Figure 3, Supplementary Figure S5b); for treatment
failure/relapse, it was 0.695 (95% CI, 0.485-0.990;
$=0.008; Figure 3, Supplementary Figure S5c); and
for nephrotoxicity, it was 0.600 (95% CI, 0.006—6.647;
»=0.078; Figure 3, Supplementary Figure S5d).

Funnel plot for the overall OR of the included
studies for primary and secondary outcomes

We constructed a funnel plot to examine underlying
heterogeneity. With regard to OR heterogeneity, the
overall I value for the included studies was calculated.
In the funnel plot of the OR for event evaluation,
the I* value for 90-day all-cause mortality was 47.6%
(»=0.054; Supplementary Figure S6a); for 30-day all-cause
mortality, it was 27.7% (p=0.173; Supplementary Figure
S6b); for treatment failure/relapse, it was 0% (p=0.716;

TSA
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Figure 3: Trial sequential analysis of the odds ratio for all
outcomes between two groups.

Trial sequential analysis of the odds ratio for all outcomes between two groups.

In the trial sequential analysis between the Cefl and APS groups, the overall or of 90
days all-cause mortality was 0.770 (95% CI, 0.2541-1.113; p =0.091), that of 30 days all-
cause mortality was 0.780 (95% CI, 0.569-10.740; p = 0.0729), treatment failure/relapse
was 0.695 (95% CI, 0.485-0.990; p =0.008) and that of nephrotoxicity was 0.600 (95%
CI, 0.006-6.647; p = 0.078).

Abbreviation: ASP: Anti-staphylococcal penicillin; Cef1:first-generation cephalosporin
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Supplementary Figure S6c); and for nephrotoxicity, it
was 32.9% (p=0.1306; Supplementary Figure S6d).

DISCUSSION

Our meta-analysis and trial sequential analysis showed
that according to the current evidence, both Cfz and
ASP could effectively reduce the all-cause mortality rate
and incidence rate of adverse reactions in patients with
MsSaB. Although the all-cause mortality rate and adverse
reaction rate was significantly lower in the treated group
than in the control group, this study had heterogeneity
and underlying variance in the outcomes because our
study included only non-randomized cohort studies. In
addition, the trial sequential analysis showed that the
information sizes were inadequate. This comprehensive
meta-analyses and trial sequential analysis of the available
data demonstrated that treatment with Cfz was not
associated with an increased all-cause mortality rate and
incidence rate of adverse reaction. Our updated analysis
suggested that caution is warranted. Routine prescription
of Cfz might as good as prescription of ASP for treating
patients with MsSaB.

Our meta-analysis and trial sequential analysis showed
that prescribing Cfz to patients with MsSaB could
effectively reduce the all-cause mortality rate and
incidence rate of treatment failure/relapse as compared
to ASP. This is consistent with previous studies.*
Lee ¢t al. reported that treatment failure rates were not
significantly different between two groups in MsSaB
patients," as well as Li e al’s report.” Bai ez al. reported
no significant clinical difference in mortality between
two groups for the treatment of MsSaB, but showed
that cefazolin was associated with a trend for relapses of
MsSaB without significant difference.”” The production
of B-lactamases was not evaluated in the current study
and some recent studies reported the presence of the
CIE when patients were treated with cefazolin.”’* In
Chong et al. s study, patients treated with cefazolin
for MsSaB exhibited a pronounced CIE that was not
associated with clinical outcomes and treatment failure
rate.”” In addition, our study did not assess the treatment
failure/relapse caused by persistent MsSaB in high
burden infections. Motreover, some recent studies found
a non-significant difference between the two groups for
high burden infections such as endocarditis.*** In this
study, the Cfz group was not associated with a higher
mortality rate than the ASP group in the treatment for
MsSaB patients, particulatly those without CIE and
high burden infections.

Additionally, our study showed that the rates of adverse
reactions were significantly lower in the Cfz group than

in the ASP group for treating patients with MsSaB.
The findings are similar to the previous reports.” 14
In the ASP group, the common adverse reaction was
nephrotoxicity and Hoppes ef al. described different
nephrotoxicity caused by nafcillin usage for one year."’
Additionally, Youngster e/ al. observed more renal
dysfunction in the nafcillin group than in the cefazolin
group (11.4% versus 3.3%; p=0.006)." A therapy
guidelines described that patients to be discharged home
on cefazolin but not on nafcillin due to the tolerance and
compliance issues.* While the direct and indirect causes
of ASP nephrotoxicity is still uncertain, the safety profile
of Cfz may be advantageous when treating MsSaB.
Concerning allergy to penicillin, approximately 10% of
patients report an allergy to penicillin. The incidence
of anaphylaxis due to penicillin is 0.02—-0.04% and is
mediated by a type 1 hypersensitivity reaction. Overall,
cross-reactivity with penicillin groups is less than 3%
for cephalosporin groups.” In patients with penicillin
allergy and renal function impairment, prescription of
Cfz might be safer than prescription of ASP when treating
MsSaB, according to current updated comprehensive
meta-analyses and trial sequential analysis.

This study is clinically important with wide applications.
First, Cfz could be considered as a first-line agent
because of non-inferior evidence to ASP for the
treatment of MsSaB; this suggestion is consistent with
other recent studies.**** Second, Cfz is often a more
tolerable option and has fewer adverse reactions than
ASP.

There are some limitations to this study. First, the studies
included in the primary analysis had different outcome
measurements from different participants in various
clinical settings. Only one among the 16 studies had
a concurrent randomized control group. Confounding
factors which possibly impacted outcomes had not been
evaluated due to differences in the study individuals,
disease severity and setting between individual studies
made the study population highly heterogeneous for the
outcome measurements. Second, the number of high
bacterial burden infections and the prevalence of the
CIE are ultimately unknown in our study. Third, we
defined the threshold and criteria for tendency according
to Hemmingsen ¢# al. in the trial sequential analysis,*
and it could be lead to potential detection bias. We have
minimized publication bias by improving the methods
of study identification, data selection and statistical
analysis. These processes would strengthen the stability
and accuracy of the meta-analysis. Moreover, the findings
of this meta-analysis are reliable in providing suggestions
for clinical care improvement.
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CONCLUSION

Based on the evidence from 16 studies with over 13847
patients from four continents, this study showed that
prescription of Cfz might as good as prescription of
ASP for treating patients with MsSaB and both could
effectively reduce the all-cause mortality rate and rate of
adverse reaction. Because of heterogeneity, underlying
variance and inadequate information sizes, our updated
analysis suggests that caution is warranted. Further well-
conducted randomized controlled trials are urgently
needed to conclusively evaluate best drug of choice in
patients with MsSaB and improve the all-cause mortality
rate and adverse reaction.
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SUPPLEMENTARY FIGURES

90 Days All-cause Mortality

Study name Statistics for each study Odds ratio and 95% CI
Lower Upper Odds Relative Relative
limt limt ratio p-Value weight  weight
Paul 2011 0826 2400 1408 0.208 10— 16.96
Lee 2011 0020 1.614 0.180 0.126 - 2.10
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Supplementary Figure 1: Forest plot of the overall odds ratios for 90 days all-cause mortality between two groups.
The random effects model of overall odds ratio showed a significant overall effect of interventions in reducing the risk of 90 days all-cause mortality compared with that of the
control condition (OR, 0.675; 95% CI, 0.485-0.938; p = 0.019, low quality of evidence).

Abbreviation : ASP: Anti-staphylococcal penicillin

Notes: The outcome measures were determined by the odds ratios (ORs), and a random effects model with pool individual ORs was used. Analyses were conducted using the
Comprehensive Meta-Analysis software version 3.0 (Biostat, NJ, USA). Between-trial heterogeneity was determined using I tests. Statistical heterogeneity was assessed by I statistic.
Heterogeneity was judged to be low for I 0-40%, moderate for I* 30-60%, to be substantial for I 50-90% and to be considerable for I? 75-100%. And, values > 50% were regarded
as considerable heterogeneity™. Funnel plots and Egger’s test wete used to examine potential publication biasPl. Statistical significance was defined as a P-value < 0.05. This study
was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement™.

30 Days All-cause Mortality

Study name Statistics for each study Odds ratio and 95% Cl
Lower Upper Odds Relative Relative
limit  limit ratio p-Value weight  weight
Renaud 2011 0.052 16.456 0.923 0.957 0.70
Lee 2011 0.134 7.460 1.000 1.000 1.42
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Supplementary Figure 2: Forest plot of the overall odds ratios for 30 days all-cause mortality between two groups.
The random effects model of overall odds ratio showed a significant overall effect of interventions in reducing the risk of developing 30 days all-cause mortality compared with that
of the control condition (OR, 0.681; 95% CI, 0.533-0.869; p = 0.002, low quality of evidence).

10 100

Abbreviation : ASP: Anti-staphylococcal penicillin
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Treatment failure / relapse

Study name Statistics for each study Odds ratio and 95% ClI
Lower Odds Upper Relative

limit ratio  limit p-Value weight
Renaud 2011 0.052 0923 16456 0.957 0.83
Lee 2011 0.134 1.000 7.460 1.000 1.67
Li 2014 0.007 0.188 4.737 0.310 0.66
Bai 2015 0177 0.353 0.702 0.003 —_— 10.84
Song 2016 0.333 0.662 1.314 0.238 ——— 10.89
Flynt 2017 0289 1.203 5.002 0.798 —_—— 3.19
Kimmig 2018 0.347 0838 2.025 0.694 7.36
Lee 2018 0.066 0.300 1.362 0.119 2.85
McDanel 2017 0473 0595 0.748 0.000 ® 30.81
Monogue 2018  0.007 0.137 2.699 0.191 0.78
Davis 2018 0.729 0927 1.179 0.536 30.13
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Supplementary Figure 3: Forest plot of the overall odds ratios for treatment failure/relapse between two groups.
The random effects model of overall odds ratio showed a significant overall effect of interventions in reducing the risk of developing treatment failure/relapse compared with that
of the control condition (OR, 0.644; 95% CI, 0.509-0.866; p = 0.002, low quality of evidence).

Abbreviation : ASP: Anti-staphylococcal penicillin

Nephrotoxicity
Study name Statistics for each study Odds ratio and 95% CI
Lower Upper Odds Relative Relative
limit limit ratio p-Value weight  weight
Youngster 2014 0.094 0.765 0.268 0.014 —&— 29.74
Li2014 0.007 4.737 0.188 0.310 3.13
Rao 2015 0.069 42.711 1.712 0.743 3.15
Flynt 2017 0.139 0.749 0.323 0.008 —— 45.98
Lee 2018 0.061 16.273 1.000 1.000 419
Monogue 2018 0.031 0.663 0.143 0.013 —T— 13.81
0.167 0.525 0.296 0.000 S
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Supplementary Figure 4 :Forest plot of the overall odds ratios for nephrotoxicity between two groups.
The random effects model of overall odds ratio showed a significant overall effect of interventions in reducing the risk of developing nephrotoxicity compared with that of the
control condition (OR, 0.296; 95% CI, 0.167-0.525; p < 0.001, low quality of evidence).

Abbreviation : ASP: Anti-staphylococcal penicillin
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Supplementary Figure 5: Trial sequential analysis of the odds ratio for all outcomes between two groups.
(a) Trial sequential analysis of a 90 days all-cause mortality. Trial sequential analysis of 9 studies with a lower risk of bias in reporting all-cause mortality, with a control event
proportion of 10%, diversity of 94%, type I error of 5%, power of 80%, and relative risk reduction of 30%. The required information size of 5962 was not achieved, and none of
the boundaries for benefit, harm, or futility were crossed, leaving the meta-analysis inconclusive at a 30% relative risk reduction. The overall OR of 90 days all-cause mortality was
0.770 (95% CI, 0.541-1.113; p =0.091)
(b) Trial sequential analysis of 30 days all-cause mortality. Trial sequential analysis of 12 studies with low risk of bias reporting exit-site infection, with a control event proportion of
12%, diversity of 0%, type I error of 5%, power of 80%, and relative risk reduction of 30%. The required information size of 3051 was not achieved, and none of the boundaries
for benefit, harm, or futility were crossed, leaving the meta-analysis inconclusive at a 30% relative risk reduction. The OR of 30 days all-cause mortality was 0.780 (95% CI, 0.569-
10.740; p = 0.029).
(c) Trial sequential analysis of treatment failure/relapse. Trial sequential analysis of 11 studies with low risk of bias reporting exit-site infection, with a control event
proportion of 12%, diversity of 0%, type I error of 5%, power of 80%, and relative risk reduction of 30%. The required information size of 1563 was not achieved, and none of
the boundaries for benefit, harm, or futility were crossed, leaving the meta-analysis inconclusive at a 30% relative risk reduction. The OR of treatment failure/relapse was 0.695 (95%
CI, 0.485-0.990; p =0.008)
(d) Trial sequential analysis of nephrotoxicity. Trial sequential analysis of 6 studies with low risk of bias reporting exit-site infection, with a control event proportion of 12%, diversity
of 0%, type I error of 5%, power of 80%, and relative risk reduction of 30%. The required information size of 7901 was not achieved, and none of the boundaries for benefit, harm,
or futility were crossed, leaving the meta-analysis inconclusive at a 30% relative risk reduction. The OR of nephrotoxicity was 0.600 (95% CI, 0.006-6.647; p = 0.078)

Abbreviation : ASP: Anti-staphylococcal penicillin
Note 1: In trial sequential analyses, the inconsistence of heterogeneity (I?) adjusted by required information size was calculated. According to Hemmingsen™, the required information
size was calculated with an intervention effect of a 30% relative risk reduction, an overall 5% risk of a type I error, and a risk of a type II error of 20%. All trial sequential analyses

were performed using TSA version 0.9 beta (www.ctu.dk/tsa) for these analyses.

Notes 2: The solid blue line is the cumulative Z-curve. The vertical black dashed line is the required information size. The green dashed lines represent the trial sequential monitoring
and futility boundaries.
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Supplementary Figure 6: Funnel plot of the odds ratio for all outcomes between two groups.
(a) Funnel plot of the odds ratio of 90 days all-cause mortality. I* value, 47.6%; p = 0.054. Egger’s test revealed the existence of significant publication bias regarding the overall odds

ratios. A P-value is indicated for A P-value is indicated for each case.

(b) Funnel plot of the odds ratio of 30 days all-cause mortality. I” value, 27.7%; p = 0.173. Egger’s test revealed the existence of significant publication bias regarding the overall odds

ratios. A P-value is indicated for A P-value is indicated for each case.

() Funnel plot of the odds ratio of treatment failure/relapse. I* value, 0%; p = 0.716. Egger’s test revealed the existence of significant publication bias regarding the overall odds

ratios. A P-value is indicated for A P-value is indicated for each case.

(d) Funnel plot of the odds ratio of nephrotoxicity. I* value, 32.9%; p = 0.136. Egger’s test revealed the existence of significant publication bias regarding the overall odds ratios. A

P-value is indicated for A P-value is indicated for each case.

Note: Statistical heterogeneity was assessed by I statistic. Heterogeneity was judged to be low for I 0-40%, moderate for I* 30-60%, to be substantial for I* 50-90% and to be
considerable for I* 75-100%. And, values > 50% were regarded as considerable heterogeneity™. Funnel plots and Egger’s test were used to examine potential publication bias™.

Statistical significance was defined as a P-value < 0.05.
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SUMMARY

Out of 237 potentially eligible studies, we excluded
irrelevant studies and finally, 16 studies with a total
of 13847 patients were included in this meta-analysis.
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