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ABSTRACT

Relapsing, recurrent or repeat peritonitis is a devastating complication for peritoneal dialysis (PD) patients and is usually
associated with poor outcomes including prolonged hospitalization, catheter removal, hemodialysis transfer and even
death. Despite its critical importance and frequent occurrence, there is limited available evidence to facilitate evidence-
informed treatment of PD peritonitis. This editorial comments on the findings and limitations of a randomized controlled
study published in this journal, which reported that extending antibiotic treatment duration for an additional week beyond
that recommended by the International Society for PD did not reduce the risk of relapsing, recurrent or repeat peritonitis,
and may have increased the risk of repeat peritonitis. These results are explored in the context of the existing literature and

recommendations for practice and research are provided.
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outcome

Peritonitis is a major, potentially life-threatening complication
of peritoneal dialysis (PD). It is viewed as the top critical re-
search priority in PD by patients, caregivers and clinicians [1-3],
the major barrier to selection of PD as a kidney replacement
therapy by patients with kidney failure [4, 5], the common rea-
son for PD patients transferring to hemodialysis [6, 7], and the
cause of death in 2-9% of cases [7, 8]. Although the majority of
patients experiencing peritonitis can be successfully treated
with antibiotics alone without needing to resort to PD catheter
removal, up to 15% will experience relapsing peritonitis or re-
current peritonitis (Table 1) within 4 weeks of completion of an-
tibiotic treatment [10]. Moreover, the risk of experiencing repeat

peritonitis (Table 1) due to the same organism remains in-
creased for up to 6 months after finishing antibiotic therapy for
peritonitis [10-13]. While there is clearly an important and
unmet need to maximize the effectiveness and durability of an-
tibiotic treatment for PD peritonitis, randomized controlled
studies (RCTs) in this field have been scarce [14].

One key area for future research endeavour is determining
the optimal duration of antibiotic therapy for PD-associated
peritonitis. Ideally, treatment duration should find the right bal-
ance between treating peritonitis for a sufficient length of time
to minimize the risk of treatment relapse, recurrence or failure,
but short enough to minimize the risks of promoting
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Table 1. Terminology of relapsing, recurrent and repeat peritonitis [9]

Types of peritonitis

Definition as per ISPD

Relapsing peritonitis

Peritonitis episode occurs within 4 weeks of completion of antibiotics therapy for the previous episode

with same organism or one culture-negative peritonitis

Recurrent peritonitis
ferent organisms
Repeat peritonitis
sode with same organism

Peritonitis episode occurs within 4 weeks of completion of antibiotics for the previous episode with dif-

Peritonitis episode occurs again after 4 weeks of completion of antibiotics therapy for the previous epi-

antimicrobial resistance and antibiotic-related adverse effects
(including antibiotic-associated diarrhea and secondary fungal
peritonitis) [15]. The International Society for PD (ISPD)
Peritonitis Guidelines make weak Grade 2C recommendations
that PD-associated peritonitis should be treated for 2 weeks for
coagulase-negative staphylococcal, streptococcal and culture-
negative peritonitis, and for 3weeks for all other forms of
organism-specific peritonitis [9]. The evidence underpinning
these recommendations is low certainty and derived from ob-
servational cohort and registry studies or expert opinion, as
there are no RCTs to inform treatment decisions. Previous regis-
try studies have not found an association between antibiotic
duration (<l14days versus >14days) and outcomes for
Acinetobacter, Corynebacterium and culture-negative peritonitis
[16-18], while one registry study of culture-negative perito-
nitis paradoxically found that longer antibiotic duration
(>21days) was associated with poorer outcomes [18].

In this issue of Clinical Kidney Journal, Szeto et al. [19] report
the findings of a parallel-arm, prospective, open-labeled RCT
examining the effect of extending the ISPD guideline-
recommended duration of antibiotics by an additional 1 week
on the primary composite outcome of relapsed, recurrent or re-
peat peritonitis in 254 clinically stable PD patients treated for
PD-associated peritonitis at a single center in Hong Kong be-
tween February 2016 and November 2018. The study excluded
patients with fungal peritonitis, a surgical abdomen requiring
laparotomy or clinical instability. A total of 254 patients (127 in
each arm) were recruited and randomized at 5days prior to the
scheduled completion of antibiotics according to ISPD recom-
mendations. The baseline characteristics were comparable be-
tween the two groups and the mean difference in total
antibiotic duration was 6.4days [95% confidence interval (CI)
4.6-9.1]. The primary outcome occurred in 36 (28.3%) patients in
the extended group compared with 29 (22.8%) patients in the
standard group and the difference was not statistically signifi-
cant (P=0.34). When the individual components of the primary
outcome were examined, there were no significant differences
in either relapsed peritonitis (8.7% versus 11.0%, P=0.53) or re-
current peritonitis (4.7% versus 6.3%, P =0.58), but repeat perito-
nitis within 6months was significantly more common in
patients receiving extended antibiotic therapy (15.0% versus
5.5%, P=0.01). No differences were observed in the other sec-
ondary outcomes of peritonitis-associated hospitalization, PD
catheter removal, long-term hemodialysis transfer, all-cause
mortality or complete cure. Surprisingly, Szeto et al. reported no
adverse effects during the study. However, it is noteworthy that
fungal peritonitis, which is most strongly associated with recent
antibiotic therapy, occurred in two patients in the extended an-
tibiotic group and no patients in the standard group. The
authors concluded that extending antibiotic therapy for 1 week
beyond that recommended by ISPD Peritonitis Guidelines is not
advisable.

When interpreting the results of this study, its important
limitations should be noted. First, the total number of partici-
pants recruited into the study (254) was only 71% of the calcu-
lated sample size of 360 that was required to provide 80% power
to detect a relatively large effect size of a 50% reduction in the
primary composite outcome of relapsed, recurrent or repeat
peritonitis. Thus, the study was appreciably underpowered and
there was a reasonable chance of a type 2 statistical error.
Second, since the study was conducted in an exclusively Asian
population mostly treated with continuous ambulatory PD at a
single Hong Kong center, the results may not be generalizable to
other countries, ethnicities or people treated with automated
PD. The results may also not be generalizable to antibiotic regi-
mens other than the combination of cefazolin and ceftazidime
that was used in the trial. Third, the study did not strictly follow
an intention-to-treat analysis since the final analysis set did
not include 10 patients in each group (or approximately 8% at-
trition overall) due to death, failed antibiotic therapy or myco-
bacterial or fungal peritonitis. Finally, adverse events and
antimicrobial resistance were not pre-specified secondary out-
come measures in the trial protocol (NCT02593201) and were
not systematically reported, such that it is not possible to evalu-
ate the potential harms of extending antibiotic therapy by an
extra week.

Notwithstanding these limitations, it is tempting to specu-
late about the reasons why extended antibiotic therapy for PD-
associated peritonitis was apparently ineffective at reducing the
subsequent risk of relapsing peritonitis, which is, by definition,
caused by (or assumed to be caused by) the original inciting or-
ganism. One possibility is that the types and antimicrobial sen-
sitivities of the causative micro-organisms isolated in the study
by Szeto et al. [19] rendered them less susceptible to durable
cure by the cephalosporin combination employed, regardless of
duration of treatment. The most common organisms identified
were Gram-positive (52%), particularly coagulase-negative
staphylococci, which differed somewhat from a previous Hong
Kong study in which the most commonly observed organisms
were Gram-negative organisms, particularly Pseudomonas spe-
cies [12]. In contrast, a binational Australia and New Zealand
Dialysis and Transplant Registry (ANZDATA) study reported
that the common causative organisms for relapsing peritonitis
were Gram-positive, particularly coagulase-negative
Staphylococcus (30%) and Staphylococcus aureus (18%) [11]. In the
absence of knowledge of more detailed antimicrobial suscepti-
bility data, it is possible that alternative antibiotic regimens,
such as vancomycin-based strategies, may have led to different
outcomes. In a previous single-center observational study in
Hong Kong by Szeto et al. [12], vancomycin use was found to be
superior to cefazolin in achieving a higher primary response
rate, particularly for those who had experienced previous
Gram-positive peritonitis. Furthermore, ceftazidime was associ-
ated with a higher primary response rate and lower risk of
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catheter removal compared with aminoglycoside [12]. In con-
trast, a multicentre registry data study in Australia reported
that relapsing and recurrent peritonitis episodes were more
likely to be treated with vancomycin than cefazolin for empiric
Gram-positive cover and antibiotics other than aminoglycoside
or third- or fourth-generation cephalosporin for empiric Gram-
negative cover [11]. The ISPD Peritonitis Guidelines [9] recom-
mend that empiric antibiotic regimens be center-specific and
cover both Gram-positive organisms (vancomycin or first gener-
ation cephalosporin) and Gram-negative organisms (gentamicin
or third-generation cephalosporin). However, a Cochrane sys-
tematic review and meta-analysis of RCTs of antibiotic treat-
ment for PD-associated peritonitis reported that intraperitoneal
glycopeptides (vancomycin or teicoplanin) may be more effec-
tive at achieving a complete cure than other agents (3 studies,
370 episodes: risk ratio 1.66, 95% CI 1.01-2.72, low certainty evi-
dence) [14].

Another potential reason for the observed ineffectiveness of
extended antibiotic therapy in the study by Szeto et al. may
have been related to bacterial colonization of the catheter with
biofilm formation [20]. Bacteria can grow on polymer surfaces
and produce a slimy, thick extracellular matrix below which
they can embed and escape eradication or opsonization by leu-
kocytes. Bacteria trapped in biofilm are less susceptible to anti-
biotics, such that substantially higher concentrations (100-1000
times) of antibiotics are required to eradicate them [21].
Therefore, increasing the duration of antibiotics alone may not
be sufficient in and of itself to eradicate bacteria in biofilm.
While there have been attempts to treat relapsing peritonitis
with streptokinase or urokinase (which produce fibrinolysis by
converting plasminogen to plasmin) with some studies showing
promising results [22], a subsequent RCT [23] has demonstrated
that catheter replacement was superior to intraperitoneal
urokinase therapy for the prevention of relapsing or repeat peri-
tonitis [23].

Inadequate systemic levels of antibiotics may also be associ-
ated with frequent relapsing or early repeat peritonitis, despite
extended antibiotic durations, particularly if the drug levels fall
below minimum inhibitory concentrations (MICs) [24, 25]. A pre-
vious observational study by Mulhern et al. [24] showed that an
average vancomycin trough level of <9mg/L at Day 7 and a cu-
mulative mean vancomycin trough <12mg/L at Week 4 were
associated with a higher rate of relapsed or repeat peritonitis.
Another study by Dahlan et al. [25] also reported that a higher
serum vancomycin trough level (>18 mg/L) was associated with
a lower risk of relapse or early repeat peritonitis. Similarly, se-
rum concentrations of cephalosporins may fall below the MICs
of peritonitis organisms, particularly with intermittent intraper-
itoneal dosing regimens [26]. Consequently, simply extending
the duration of antibiotic therapy may not adequately address
this issue and mitigate the risk of relapse.

Recurrent peritonitis is also a complication that may not be
effectively prevented by extending antibiotic duration, since it
is caused by an organism that is different from the inciting one
and may not necessarily be sensitive to the original antibiotic
regimen. Indeed, sometimes the original antibiotic course may
actually engender recurrent peritonitis through promotion of
antimicrobial resistance, altered gut microbiota and fungal
overgrowth [27, 28]. In this regard, it is notable that the only two
cases of fungal peritonitis reported in the study by Szeto et al.
[19] occurred in the extended antibiotic group. A previous
ANZDATA Registry study identified fungi as the most common
cause (13%) of recurrent peritonitis [11], while a previous inves-
tigation by Szeto et al. [12] found that other Gram-negative
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organisms (35.2%) and mixed growth (17.6%) were most com-
monly isolated in recurrent peritonitis.

One of the most intriguing findings in the study by Szeto et
al. was that extended antibiotics significantly increased the risk
of repeat peritonitis by 3-fold. Caution should be exercised in
interpreting this result given that it was (i) an individual compo-
nent of the primary outcome (and therefore was hypothesis-
generating only), (ii) the event numbers were small and (iii) the
multiple comparisons performed in the study increased the risk
of a type 1 statistical error (i.e. chance finding). The authors sug-
gested that extended duration antibiotics may have deferred
some relapsing peritonitis episodes to repeat episodes.
However, this seems unlikely since the threshold distinguishing
between relapsing and repeat peritonitis (4 weeks) is timed from
completion of antibiotic therapy. Furthermore, the small reduc-
tion in relapsed peritonitis cases in the extended group did not
account for the magnitude of increase in repeat peritonitis
cases. As mentioned previously with relapsed peritonitis, it is
conceivable that extended antibiotic therapy may paradoxically
exacerbate the risk of repeat peritonitis through promotion of
antimicrobial resistance, altered gut microbiota and fungal
overgrowth [27, 28].

Interestingly, in a post hoc exploratory analysis of their study
data, Szeto et al. [19] found that PD effluent bacterial DNA levels
Sdays prior to antibiotic completion were lower in the extended
group than in the standard group, despite comparable levels at
randomization. However, it should be noted that the near-end-
of-treatment samples were not collected at the same time point
following randomization and were in fact separated by approxi-
mately 1week. Thus, it is impossible to ascertain whether the
observed differences were due to extended antibiotic therapy or
the mere passage of time following initiation of antibiotic ther-
apy. Szeto et al. further demonstrated that the fall in PD effluent
bacterial DNA levels in the extended antibiotic group was only
statistically significant in those who did not experience relaps-
ing or recurrent peritonitis. This raises the possibility that PD ef-
fluent bacterial DNA levels may have a role in risk stratification
and identification of patients with PD peritonitis who are at risk
of relapsing or repeat peritonitis. Indeed, a previous observa-
tional study by the same group reported that PD effluent bacte-
rial DNA levels measured at 5days before completion of course
of antibiotics for peritonitis had an 88.9% sensitivity and 60.5%
specificity for prediction of relapsing or recurrent peritonitis
[29]. Further confirmatory research in this area would therefore
appear warranted.

Szeto et al. are to be commended for attempting to improve
the quality of evidence in relation to antibiotic treatment of PD-
associated peritonitis through the rigor of an RCT. Despite the
highlighted limitations of their study, their findings do lend
support to the current ISPD Peritonitis Guideline recommenda-
tions for antibiotic course durations, and have also hinted at
possible harm from unduly prolonging antibiotic duration in
terms of an increased risk of repeat peritonitis. Strengthening
the evidence base in PD peritonitis treatment further will re-
quire the conduct of multi-center RCTs, ideally through PD trial
networks.
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