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Abstract
Background
The International Society for Peritoneal Dialysis guidelines recommends the topical application of antibiotics on the exit site for the prevention of peritoneal dialysis (PD)-related infections. However, the recommendation is based on meta-analyses on applying nasal mupirocin ointment or observational or retrospective studies. Here, we evaluated the efficacy of topical application of mupirocin on the exit site for the prevention of PD-related infections.

Methods
We searched the databases, MEDLINE and CENTRAL, documenting the topical application of antibiotics on the exit site in PD patients in April 2017. We included only randomized controlled trials (RCTs) with adult patients wherein the effects of mupirocin were examined. Exit site infection (ESI), peritonitis, and technical failure were assessed as the main outcomes.

Results
Overall, six RCTs were included in this study. It was uncertain whether the application of mupirocin ointment prevents ESI (rate ratio (RR), 0.36; 95% CI, 0.13–1.05), peritonitis (RR 0.78, 95% CI 0.50–1.21), and technical failure (RR, 1.35; 95% CI, 0.25–7.21). Moreover, a comparison between mupirocin and gentamicin showed no difference in the incidence of ESI (RR, 1.14; 95% CI, 0.27–4.81), peritonitis (RR, 0.85; 95% CI, 0.32–2.26), and technical failure (RR, 0.58; 95% CI, 0.28–1.20).

Conclusions
It remains unclear whether topical application of mupirocin on the exit site has any significant effects on PD-related infection or technical failure. Large-scale RCTs with high methodological quality are required to confirm the efficacy of topical application of antibiotics on the exit site.
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Background
Peritoneal dialysis (PD) is one of the renal replacement therapies for end-stage renal disease. However, there is a wide variation in rates of exit-site infection (ESI) or peritonitis in different centers and countries. The ESI incidence rate is 0.40 episodes/patient-year in Japan [1], and the reported peritonitis rates range from 0.06 to 1.66 episodes/patient-year [2, 3]. Although technological advancements in PD improve recently, these PD-related infections have been a major cause of hospitalization [4], technical failure [5], and death [6] in PD patients. Therefore, it is important to prevent PD-related infections.
The International Society for Peritoneal Dialysis (ISPD) guidelines recommended daily topical application of antibiotic agents on the exit site [7]. Among the antibiotic agents applied on the exit site, mupirocin ointment has been reported to reduce the risk of PD-related infections [8–13]. Mupirocin is a competitive inhibitor of bacterial isoleucyl-transfer ribonucleic acid synthetase, leading to bacterial death, and it has been widely used in methicillin-resistant Staphylococcus aureus (MRSA) prevention and specifically for the eradication of nasal MRSA. Mupirocin ointment applied as prophylaxis on the exit site has been shown to be effective in reducing ESI due to S. aureus [14]. The ISPD guidelines’ recommendation, however, were based on the previous meta-analyses including the studies that targeted patients applying nasal mupirocin ointment or nasal carriers of Staphylococcus or retrospective studies [13] that should be meta-analyzed and presented separately from randomized controlled trials (RCTs) [15]. Moreover, several RCTs were published since the publication of meta-analyses [16–18]. Therefore, these results might lead to misleading interpretation on the establishment of the guidelines. Thus, we evaluate the efficacy of topical application of mupirocin ointment on the exit site for the prevention of PD-related infection using RCTs in this systematic review (SR). Additionally, we compared mupirocin with gentamicin that were reported to reduce ESI caused by gram-negative bacteria [19].

Methods
Design and setting of the study
This is a SR with meta-analysis that assesses whether the application of mupirocin ointment on the exit site is effective in preventing ESI, peritonitis, or technical failure in PD patients. We also assessed whether the application of mupirocin ointment is better compared with the application of gentamicin ointment on the exit site in preventing ESI, peritonitis, or technical failure. This review is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20]. The protocol used for the SR and meta-analysis was registered in the University Hospital Medical Information Network (registration number, R000039267). No ethical approval was required because this study did not include confidential personal data and did not involve patient intervention.

Inclusion and exclusion criteria
We included only RCTs that compared the effects of the application of mupirocin ointment and gentamicin ointment on the exit site. We included PD patients who were 18 years old and older. We excluded patients with preexisting infections. The intervention was the application of mupirocin ointment on the exit site. We excluded the nasal application of antibiotics. The control condition was no antibiotic ointment (including application of disinfectant only) or gentamicin ointment. We included and translated the studies published in non-English language. A translation service, Glova, Co. (Tokyo, Japan), performed the translation. Our primary outcomes were ESI, peritonitis, and technical failure.

Search strategy and study selection
The electronic databases, MEDLINE and the Cochrane Central Register of Controlled Trials (CENTRAL) (until April 10, 2017), were searched for studies meeting our inclusion criteria. The search strategy is described in the appendix. Five reviewers (N.T., Y.O., Yo.T., S.Y., and M.T.) independently screened all titles, abstracts, and full texts of the selected publications. We resolved disagreements by discussion between the authors, with another author (Ya.T.) acting as an arbiter.

Data extraction and quality assessment
Five reviewers (N.T., Y.O., Yo.T., S.Y., and M.T.) independently extracted trial-level data using prespecified forms. We resolved disagreements regarding data extraction through discussions with another author (Ya.T.) acting as an arbiter.
The methodological quality of trials included in the review was assessed independently using the Cochrane Collaboration tool [21] by five reviewers (N.T., Y.O., Y.T., S.Y., and M.T.) to determine the risk of bias. Studies were graded as having a “low risk,” “high risk,” or “unclear risk” of bias across the seven specified domains: random sequence generation, allocation concealment, participant and personnel blinding, outcome assessment blinding, incomplete outcome data, selective reporting, and other sources of bias. We resolved disagreements regarding data extraction through discussions with another author (Ya.T.) acting as an arbiter. We graded the certainty of evidence for each of the main outcomes, which was evaluated using the Grading of Recommendations, Assessment, Development, and Evaluation approach [22].

Data analysis and statistical methods
We performed all analyses using the Cochrane Review Manager software (RevMan 5.3; Cochrane Collaboration, Copenhagen, Denmark). We used rate ratios to compare the efficacy of the intervention on the outcomes. We calculated the incidence rate using events per patient-years and compared the incidence rate between the intervention and control groups. When there were participants who dropped out from the study, the data were included if the timing of dropout and the number of events up to the time of dropout were reported, and the data were excluded if these data were not reported. Data were pooled using the random effects model. Heterogeneity was analyzed using the chi-squared test on N-1 degrees of freedom, with an alpha of 0.05 considered to be statistically significant and with the I2 test [23]. I2 values of 25%, 50%, and 75% correspond to low, medium, and high levels of heterogeneity, respectively.


Results
Study selection
The PRISMA flowchart in Fig. 1 summarizes the search process. Among the 11 clinical practice guidelines (CPGs) and SRs [11, 24–33] identified, 3 SRs published most recently were considered [24–26]. Fifty-one references were cited in these SRs. Among them, 4 studies met our criteria [9, 16, 19, 34]. Further database search for more recent articles identified 1 CPG [7] and 1 RCT [17] meeting our inclusion criteria. One more RCT cited in the CPG [18] was included. Overall, 6 RCTs were included in this systematic review.
[image: A41100_2020_261_Fig1_HTML.png]
Fig. 1Flowchart for study selection. CPG clinical practice guideline, SR systematic review, RCT randomized controlled trial





Characteristics of the included studies
Among the 6 studies, 3 studies compared the application of mupirocin ointment with no antibiotic ointment on the exit site [16, 18, 34], and the other 3 studies compared the application of mupirocin ointment with gentamicin ointment on the exit site [9, 17, 19] (Table 1). An erratum [35] for authors’ names was published for the study by Olga et al. [16]. The study has been cited in other articles as Olga et al. and to avoid confusion in this study, the study was cited as Olga 2016 rather than Balafa 2017. A study written in Persian [17] was translated into English for assessment. In the 3 studies comparing mupirocin ointment and the control, there were 159 patients in the mupirocin group and 163 patients in the control group. Five patients in the mupirocin group and 7 patients in the control group dropped out in 1 study [34]. The timing of dropout was not reported, and thus, these patients were excluded from the analyses. Three studies were included for the comparison between mupirocin and gentamicin ointment. There were 165 patients in the mupirocin group and 170 patients in the gentamicin group. It was unclear how the number of ESI was counted in 1 study [17]; therefore, this study was excluded from the analyses for ESI. Two studies were analyzed for the rates of ESI (104 and 110 patients in the mupirocin and the gentamicin group, respectively). There were 14 patients who dropped out from the study according to Chu et al. [9]. It was not reported whether they belonged to the mupirocin or gentamicin group, and thus, these patients were excluded from the analyses. Four patients in the mupirocin group and 3 patients in the gentamicin group dropped out from the study according to Mortazavi et al. [17].
Table 1Characteristics of the included studies


	Study
	Design follow-up
	Participants
	Inclusion
	Exclusion
	Interventions
	Outcomes
	Notes

	Wong et al. [34]
	RCT 5 months
	Countries, Hong Kong; setting, single center
	Both incident and prevalent PD patients
	Psychiatric, dermatological, or terminal illness; presence of peritonitis or ESI; the use of antibiotics within a month
	Mupirocin, n = 73; control, n = 81; dropout, n = 12
	ESI, peritonitis, technical failure
	Funding source was not stated.

	Olga et al. [16]
	RCT 86.7 patient-years for M, 60.4 patient-years for C
	Countries, Greece; setting, single center
	Both incident and prevalent PD patients
	Peritonitis or ESI within 3 months
	Mupirocin, n = 33; control, n = 29
	ESI, peritonitis, technical failure
	Funding source was not stated.

	Findaly et al. [18]
	RCT 58.1 patient-years for M, 53.9 patient-years for C
	Countries, United Kingdom; setting, not stated
	Both incident and prevalent PD patients
	Peritonitis or ESI within a month
	Mupirocin, n = 53; control, n = 53
	ESI, peritonitis, technical failure
	Funding source was not stated.

	Bernadini et al. [19]
	RCT 53.8 patient-years for M, 64.3 patient-years for G
	Countries, United States; setting, multicenter
	Both incident and prevalent PD patients enrolled in a registry at three centers.
	Allergy to mupirocin or gentamicin, peritonitis or ESI within a month
	Mupirocin, n = 66; gentamicin, n = 67
	ESI, peritonitis, technical failure
	This study was supported by the National Kidney Foundation of Western Pennsylvania, National Kidney Foundation of Upstate New York, and the Paul Teschan Fund of Dialysis Clinic, Inc.

	Chu et al. [9]
	RCT 44.9 patient-years for M, 39.6 patient-years for G
	Countries, Hong Kong; setting, single center
	Both incident and prevalent PD patients
	Allergy to mupirocin or gentamicin, peritonitis or ESI within 4 weeks, active infection
	Mupirocin n = 38; gentamicin, n = 43; dropout, n = 14
	ESI, peritonitis, technical failure
	Funding source was not stated.

	Mortazavi et al. [17]
	RCT 29.8 patient-years for M, 29.4 patient-years for G
	Countries, Iran; setting, single center
	 	Use of antibiotics within a month, allergy to mupirocin or gentamicin
	Mupirocin, n = 61; gentamicin, n = 60; dropout, n = 10
	Peritonitis, technical failure
	Funding source was not stated.


RCT randomized controlled trial, PD peritoneal dialysis, ESI exit site infection, C control, M application of mupirocin ointment to exit site, G application of gentamicin ointment on the exit site




Risk of bias in the included studies
The risk of bias is shown in Table 2. None of the studies on the comparison between mupirocin ointment and the control were blinded, and follow-up was incomplete in one study [34]. If all subjects who dropped out from the control group developed events after dropout, it would change the point of estimate to the opposite direction for technical failure. Thus, the risk of bias for incomplete outcome data was considered high.
Table 2Risk of bias
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Comparison between mupirocin ointment and no antibiotic ointment
As shown in Fig. 2a, it was uncertain whether the application of mupirocin ointment prevents ESI (rate ratio [RR], 0.36; 95% confidence interval [CI], 0.13–1.05; very low evidence). The heterogeneity was substantial (I2 = 61%). Mupirocin ointment may slightly reduce peritonitis (RR, 0.78; 95% CI, 0.50–1.21; low evidence; Fig. 2b). There was no heterogeneity (I2 = 0%). Mupirocin may have little or no significant difference in technical failure (RR, 1.35; 95% CI, 0.25–7.21; low evidence; Fig. 2c). The heterogeneity was low (I2 = 12%). The summary of the findings is shown in Table 3. Overall, the quality of evidence was low or very low.
[image: A41100_2020_261_Fig2_HTML.png]
Fig. 2Comparison between the mupirocin ointment group and control group (a–c) or comparison between the mupirocin ointment group and gentamicin ointment group (d–f). Outcomes were ESI (a, d), peritonitis (b, e), and technical failure (c, f)



Table 3Summary of findings


	Outcomes
	Illustrative comparative risk (event/100 patient-years) (95% CI)
	Rate ratio (95% CI)
	No. of participants (studies)
	Quality of the evidence (GRADE)

	Control or gentamicin
	Mupirocin

	Comparison between the mupirocin ointment group and control group

	Exit-site infection
	27.7
	10.0 (3.6–29.1)
	0.36 (0.13–1.05)
	322 (3 studies)
	⨁◯◯◯
Very low*1

	Peritonitis
	29.7
	23.2 (14.9–35.9)
	0.78 (0.50–1.21)
	322 (3 studies)
	⨁⨁◯◯*2
Low

	Technical failure
	2.0
	2.7 (0.5–14.4)
	1.35 (0.25–7.21)
	322 (3 studies)
	⨁⨁◯◯*3
Low

	Comparison between the mupirocin ointment group and the gentamicin ointment group

	Exit-site infection
	28.9
	32.9 (7.8–138.8)
	1.14 (0.27–4.81)
	214 (2 studies)
	⨁◯◯◯*4
Very low

	Peritonitis
	32.3
	27.4 (10.3–72.9)
	0.85 (0.32–2.26)
	335 (3 studies)
	⨁⨁◯◯*5
Low

	Technical failure
	16.5
	9.6 (4.6–19.8)
	0.58 (0.28–1.20)
	214 (3 studies)
	⨁⨁◯◯*6
Low


*1Serious unexplained heterogeneity, based on studies with high risk of bias
*2Based on studies with high risk of bias
*3Increased risk of bias related to incomplete outcome data and selective reporting, based on studies with high risk of bias
*4Increased risk of bias related to incomplete outcome data and selective reporting, based on studies with high risk of bias, serious unexplained heterogeneity
*5Increased risk of bias related to incomplete outcome data and selective reporting, based on studies with high risk of bias, serious unexplained heterogeneity
*6Increased risk of bias related to incomplete outcome data and selective reporting, based on studies with high risk of bias




Comparison between mupirocin ointment and gentamicin ointment
As shown in Fig. 2d, it was unclear whether the application of mupirocin ointment reduces ESI compared with gentamicin ointment (RR, 1.14; 95% CI, 0.27–4.81; very low evidence). The heterogeneity was considerable (I2 = 87%). Three studies reported the rate of peritonitis and technical failure. The application of mupirocin ointment may have little or no significant difference in peritonitis compared with gentamicin ointment (RR, 0.85; 95% CI, 0.32–2.26; I2 = 66%, low evidence; Fig. 2e). Two studies reported the rate of technical failure (Fig. 2f). The application of mupirocin ointment may slightly reduce technical failure compared with gentamicin ointment (RR, 0.58; 95% CI, 0.28–1.20; I2 = 0%; low evidence). The summary of the findings is shown in Table 3. Overall, the quality of evidence was very low to low.


Discussion
In this SR, it is uncertain whether the application of mupirocin or gentamicin ointments on the exit site prevents ESI, peritonitis, or technical failure because the certainty of this evidence is very low, although we examined the effects of such topical application by focusing only on randomized studies. Thus, there is insufficient evidence with respect to the recommendation of the topical application of antibiotics on the exit site to prevent PD-related infections or technical failure.
Our findings were contrary to the previous review of 14 RCTs, historical cohorts, or meta-analysis regarding the prevention of ESI and peritonitis through the application of mupirocin ointment [13]. They reported that the application of mupirocin ointment decreased the risk of ESI by 57% and the risk of peritonitis by 41% compared with the control group. In response to these findings, the 2017 ISPD guidelines reported that the application of antibiotic ointment on the exit site was effective in preventing PD-related infections; hence, the practice was recommended [7]. However, the problem with the report by Xu et al. is that it included studies on not only the application of mupirocin ointment on the exit site but also the nasal application of mupirocin ointment, and these studies were targeted towards patients who harbored S. aureus in their nasal cavities [13]. Our meta-analysis included only randomized studies that used only adult cases as subjects, and we used 6 RCTs after excluding the application of antibiotic ointment to the nasal cavity. Three studies compared the mupirocin ointment group and the control group [16, 18, 34], and only 3 studies compared the mupirocin and gentamicin ointment groups [9, 17, 19]. Among the RCTs we used, only 1 overlapped with the report by Xu et al. [13]. This might be explained by their limited electronic database search to English articles until 2009. We searched all articles regardless of languages until 2017 and provided more comprehensive findings. Among 3 RCTs we selected, there was a significant heterogeneity. Findlay et al. [18] showed the significant effectiveness of mupirocin on ESI. In contrast, the studies by Olga et al. [16] and Wong et al. [34] exhibited no significance in preventing ESI. In the study by Findlay et al. [18], the prevalence of diabetes was significantly lower in mupirocin group despite random allocation, which might have biased towards less ESI in mupirocin group. However, the prevalence of diabetes was also significantly lower in mupirocin group in the study by Olga et al. [16]. Different exit site care were used in control groups in each study; polyhexamethylene biguanide application in the study by Findlay et al. [18], chlorhexidine application in the study by Olga et al. [16], and chlorhexidine and povidone iodine application in the study by Wong et al. [34], and that might be one of the reasons for the heterogeneity.
We also showed that there was no significant difference in incidence rate of ESIs and peritonitis between mupirocin and gentamicin ointments. This is consistent with a previous meta-analysis [24]. However, their study included retrospective observational studies, which are at risk of indication bias, and studies comparing the incidence rate of ESI or peritonitis before and after changing exit site care with mupirocin to gentamicin ointment. Thus, our results limited to RCTs were more reliable.
There are several strengths of this study. Firstly, our review is the latest comprehensive evidence of the application of topical antibiotics on the exit site in PD patients. We followed rigorous methodology to perform SR and meta-analysis. Our findings provided insights into the previous recommendations of the application of topical antibiotics in all PD patients. Thus, our findings may aid in changing this practice in other countries where antibiotics are routinely applied on the exit site. For example, 56% of the PD patients applied mupirocin in Australia/New Zealand [36]. Furthermore, we found that no study has evaluated the long-term side effects of antibiotic use. Only a few studies reported the side effects of antibiotic use, especially its effects on the skin [16, 18]. This is a matter of concern since the possibility of increasing the growth of mupirocin- and gentamicin-resistant bacteria emerges because of long-term preventive administration of this antibiotic. Previous observational studies reported that mupirocin-resistant S. aureus was detected in approximately 3% of patients after long-term application of mupirocin ointment on the exit site [37, 38]. A report described cases treated with the application of mupirocin ointment on the exit site for the prevention of PD-related infection and stated that mupirocin-resistant bacteria accounted for 16.7% of ESIs due to gram-positive bacteria [39]. Another report indicated that the application of gentamicin ointment reduced the susceptibility to Enterobacteriaceae and Pseudomonas [40] and caused many cases of ESI or peritonitis due to nontuberculous mycobacteria [41]. However, much remains unclear about the frequency of the appearance of drug-resistant bacteria and the phenomenon of microbial substitution due to the application of antibiotic ointment over a long period. Thus, these matters should be considered in the future studies.
Meanwhile, there are several limitations in our study. First, the number of studies that met the entry criteria was small, resulting in the imprecisions of treatment effect estimates in this SR. Also, we could hardly determine publication bias with only two or three studies included. Second, the follow-up period for this study was limited in 1 to 3 months, which may have been too short to observe the difference in technical survival because of the small number of events. Thus, we might find no significant difference in technical survival between the mupirocin and antibiotic ointment groups and between the mupirocin and gentamicin ointment groups, although technical survival is an important outcome affecting the prognosis of patients. We hope that long-term prospective study will clarify the effect on technical survival. Third, six articles included in the present study were from different countries and may have included subjects with different backgrounds in the population assessed for the exit site care. Since the regional variation is reported in the treatment and prevention of PD-related infections [36], these factors may have affected the results. To solve this problem, global large-scale study targeted to PD patients in various countries should be considered.

Conclusions
There was insufficient evidence to recommend the routine application of topical antibiotics on the exit site for the prevention of PD-related infections. Additionally, no study has evaluated the long-term side effects of antibiotic application on the exit site. In the light of these results, a large-scale randomized and prospective trial should be conducted to prove the efficacy of the application of antibiotic ointment on the exit site for the prevention of PD-related infection and to assess the side effects of the long-term application of antibiotics.
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Appendix
Electronic databases (Medline and Cochrane Central Register of Controlled Trials) were searched using the following terms: “peritoneal dialysis,” “mupirocin,” “gentamicin,” and “anti-bacterial agents.” To identify the preexisting CPGs and SRs, the references cited in these guidelines and SRs were evaluated. To identify more recent articles missed by the initial search, an electronic database search was performed in MEDLINE (from April 2016, up to when the most recent systematic review was evaluated, to April 2017) using the following terms: “peritoneal dialysis,” “mupirocin,” “gentamicin,” “anti-bacterial agents,” and “randomized controlled trial.”
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