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Recurrent and Relapsing Peritonitis: Causative Organisms and
Response to Treatment

Cheuk-Chun Szeto, MD, FRCP, Bonnie Ching-Ha Kwan, MBBS, MCP(UK),
Kai-Ming Chow, MBChB, MRCP(UK), Man-Ching Law, BN, RN,

Wing-Fai Pang, MBChB, MRCP(UK), Kwok-Yi Chung, MBChB, MRCP(UK),
Chi-Bon Leung, MBChB, FRCP(Edin), and Philip Kam-Tao Li, MD, FRCP

Background: The clinical behavior and optimal treatment of relapsing and recurrent peritonitis
episodes in patients undergoing long-term peritoneal dialysis are poorly understood.

Study Design: Retrospective study over 14 years.
Setting & Participants: University dialysis unit; 157 relapsing episodes (same organism or culture-

negative episode occurring within 4 weeks of completion of therapy for a prior episode), 125 recurrent
episodes (different organism, occurs within 4 weeks of completion of therapy for a prior episode), and
764 control episodes (first peritonitis episode without relapse or recurrence).

Predictors: Exit-site infection, empirical antibiotics.
Outcome Measures: Primary response (resolution of abdominal pain, clearing of dialysate, and

peritoneal dialysis effluent neutrophil count � 100 cells/mL after 10 days of antibiotic therapy), complete
cure (resolution by using antibiotics without relapse/recurrence), catheter removal (for any cause while
on antibiotic therapy), and mortality.

Results: Compared with the control group, more relapsing episodes were caused by Pseudomonas
species (16.6% versus 9.4%) and were culture negative (29.9% versus 16.4%); recurrent infections
commonly were caused by Enterococcus species (3.2% versus 1.2%) or other Gram-negative organ-
isms (27.2% versus 11.1%) or had mixed bacterial growth (17.6% versus 12.7%). There were significant
differences in primary response, complete cure, and mortality rates among groups (P � 0.001 for all
comparisons). Compared with the control and relapsing groups, post hoc analysis showed that the
recurrent group had a significantly lower primary response rate (86.4%, 88.5%, and 71.2%, respec-
tively), lower complete cure rate (72.3%, 62.4%, and 42.4%, respectively), and higher mortality rate
(7.7%, 7.0%, and 20.8%, respectively).

Limitations: Retrospective analysis.
Conclusion: Relapsing and recurrent peritonitis episodes are caused by different spectra of bacteria

and probably represent 2 distinct clinical entities. Recurrent peritonitis episodes had a worse prognosis
than relapsing ones.
Am J Kidney Dis 54:702-710. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Renal failure; nosocomial infection; antibiotics.
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eritonitis is a serious complication of perito-
neal dialysis (PD) and probably the most

ommon cause of technique failure in PD.1-5 In
he United States, 18% of the infection-related
ortality in PD patients is the result of peritoni-

is.6 Although less than 4% of peritonitis epi-
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odes result in death,7 peritonitis is a “contribut-
ng factor” to death in 16% of deaths in patients
n PD therapy.8 In Hong Kong, peritonitis is the
irect cause of death in more than 16% of PD
atients.9

In the latest recommendations for the man-
gement of PD-related infections published by
he International Society for Peritoneal Dialysis
ISPD) in 2005,10 2 similar terms, relapsing and
ecurrent peritonitis, are defined differently. In
ssence, peritonitis that is treated with appropri-
te antibiotic therapy, appears to resolve, and yet
eturns with the same organism or as sterile
eritonitis within 4 weeks (relapsing) is different
rom an episode of peritonitis that occurs within
weeks of a prior episode, but with a different

rganism (defined as recurrent).10 The choice of
erms and a difference in definition are meant to

ave clinical implication. Theoretically, antimi-
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Recurrent Peritonitis in PD 703
robial resistance may develop during the treat-
ent, resulting in early relapse with an identical

pecies, but with a different susceptibility pat-
ern, after completion of the treatment. Alterna-
ively, the source of the relapse may be the
atheter through either biofilm or tunnel infec-
ion. Therefore, for relapsing peritonitis, most
xperts in the field would recommend catheter
emoval unless the susceptibility pattern of the
rganism has changed, indicating that additional
ntibiotic therapy may be warranted. However,
n recurrent peritonitis, the patient’s immunity
ay be impaired by the first episode, leading in

ome cases to an episode of peritonitis from a
ompletely different organism, implying a differ-
nt cause.10 These episodes frequently can be
reated successfully without catheter removal.

Unfortunately, this definition could be confus-
ng because the 2 terms were often used inter-
hangeably before publication of the 2005 ISPD
ecommendation.11 Although the differentiation
etween relapsing and recurrent peritonitis epi-
odes logically is sound, there has been no pub-
ished evidence to support this approach. In the
resent study, we review clinical outcomes of
elapsing and recurrent peritonitis in a large
ohort of PD patients.

METHODS

atients

All PD patients treated at our center gave written consent
or reviewing their clinical data when they entered the
ialysis program. All episodes of PD peritonitis in our unit
rom 1994 to 2007 were reviewed. Data were collected by
eviewing the Hong Kong Renal Registry database and
ospital records of individual patients by the investigators.
he diagnosis of peritonitis was based on at least 2 of the

ollowings conditions12,13: (1) abdominal pain or cloudy
eritoneal dialysis effluent (PDE); (2) leukocytosis in PDE
white blood cell count � 100 cells/mL); and (3) positive
ram stain or culture results from PDE. Episodes with
eritoneal eosinophilia, but negative bacterial culture re-
ults, were excluded. Exit-site infection was diagnosed when
here was purulent drainage with or without erythema from
he exit site.14 In this study, relapsing peritonitis was defined
s an episode with either the same organism or a negative
ulture result that occurs within 4 weeks of completion of
herapy of a prior episode.10 Recurrent peritonitis was de-
ned as an episode that occurs within 4 weeks of completion
f therapy of a prior episode, but with a different organism.10

In the 14 years of the study, 2,390 episodes of peritonitis
ere recorded; 240 episodes (10.0%) were relapsing perito-
itis in 157 patients, whereas 189 (7.9%) were recurrent

eritonitis in 125 patients. To avoid complex analysis that
ccounts for multiple events, we included the first episode
rom each individual for statistical analysis. Demographic
haracteristics, underlying medical conditions, previous peri-
onitis episodes, antibiotic regimen for the peritonitis epi-
ode, catheter removal, and clinical outcome were exam-
ned.

icrobiological Investigations

Bacterial culture of PDE was performed using BacTAlert
ottles (Organon Teknika Corp, Durham, NC). Species iden-
ification was performed by using the API 20E identification
ystem (BioMerieux, Marcy l’Etolie, France). Antibiotic
ensitivity was determined by using the disc-diffusion method
ccording to the National Committee for Clinical Labora-
ory Standard.15

linicalManagement

As described previously,16-19 peritonitis episodes were
reated by using the standard antibiotic protocol used by our
enter at that time, which was changed systemically over
ime (Table 1). Initial antibiotic regimens for peritonitis
enerally were intraperitoneal administration of a third- or
ourth-generation cephalosporin plus or minus intermittent
ancomycin every 5 days or cefazolin as continuous admin-
stration plus an aminoglycoside or ceftazidime.5 Vancomy-
in and cefazolin dosages followed the contemporary guide-
ines.10 During the review period, 2 clinical trials of peritonitis

onotherapy using cefepime and imipenem/cilastatin were
onducted in our center18,19; 281 episodes in this review
herefore were treated initially with monotherapy. Antibiotic
egimens for individual patients were modified when culture
esults were available.

Table 1. Standard Protocols for the Treatment of
Peritoneal Dialysis–Related Peritonitis at Various

Times in the Unit

Time Standard Protocol*

anuary 1994-December
1995

Vancomycin � ceftazidime

anuary 1996-June 1996 Cefepime � vancomycin
uly 1996-July 1998 Vancomycin � ceftazidime

or cefepime†
ugust 1998-October
1998

Sulperazone

ovember 1998-March
1999

Vancomycin � cefepime

pril 1999-February 2001 Cefazolin � netilmicin
arch 2001-February
2002

Imipenem/cilastatin or
cefazolin � ceftazidime†

arch 2002-present Cefazolin � ceftazidime

*All antibiotics were administered intraperitoneally un-
ess the patient had features of systemic sepsis. Imipenem/
ilastatin and all cephalosporins were administered continu-
usly; vancomycin and aminoglycosides were administered

ntermittently.

†Randomized controlled trial comparing the 2 protocols.
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Primary response was defined as resolution of abdominal
ain, clearing of dialysate, and PDE neutrophil count less
han 100 cells/mL on day 10 by using antibiotics alone.
omplete cure was defined as complete resolution of perito-
itis by using antibiotics alone without relapse or recurrence
ithin 4 weeks of completion of therapy. In general, patients

eceived the effective antibiotic for 14 days, whereas the
ffective antibiotic would be continued for a total of 21
ays for episodes caused by Staphylococcus aureus or
seudomonas species.17,20 When the PDE did not clear up
fter 5 days of effective antibiotic therapy, the Tenckhoff
atheter was removed irrespective of the in vitro sensitivity
f the bacterial strain, and effective antibiotic therapy was
ontinued for another 2 weeks.

Tenckhoff catheters were removed and patients were put
n temporary hemodialysis therapy when peritonitis failed
o resolve by using antibiotics. Tenckhoff catheter reinser-
ion was attempted in all cases. In our locality, as described
n our previous study,4 patients were switched to long-term
emodialysis therapy only when attempts at Tenckhoff cath-
ter reinsertion failed because of peritoneal adhesion or
here was ultrafiltration failure caused by peritoneal sclero-
is. All patients were followed up for at least 3 months after
heir treatment completed. Patient mortality was defined as
eath from any cause during antibiotic treatment (generally

to 3 weeks, depending on the specific organism) or
emporary hemodialysis therapy (generally 4 weeks after
atheter removal).

tatistical Analysis

Statistical analysis was performed using SPSS (SPSS Inc,
hicago, IL) for Windows (Microsoft Corp, Redmond, WA)

oftware, version 15.0. All data are expressed as mean � SD
nless otherwise specified. Baseline data were compared by
sing �2 test, Fisher exact test, Student t test, or 1-way

Table 2. Baseline Characteristics of Patie

Relapsing

o. of patients 157
en/women 79/7
ge (y) 54.6 �
uration of dialysis (mo) 37.4 �
ody height (cm) 160.0 �
ody weight (kg) 59.3 �
iagnosis
Glomerulonephritis 50 (31
Diabetes 31 (19
Hypertension 14 (8.
Polycystic 5 (3.
Obstruction 12 (7.
Others/unknown 45 (28
ajor comorbidity
Coronary heart disease 25 (15
Cerebrovascular disease 28 (17
Peripheral vascular disease 10 (6.
Diabetes 49 (31

harlson Comorbidity Index score 5.1 �
Note: Values expressed as mean � SD or number (percent).
nalysis of variance, as appropriate. Clinical outcomes were
ompared among groups and choices of empirical antibiotic
reatment by using logistic regression to adjust for the effect
f age and Charlson Comorbidity Index score, which were
ignificantly different among groups. Interactions between
oncomitant exit-site infection and patient group and be-
ween the causative organism of the previous peritonitis
pisode and choice of empirical antibiotic treatment on
linical outcome also were tested by using logistic regres-
ion models. Post hoc analysis was performed by using �2

est; P values were adjusted by using the Bonferroni method
o allow for the effect of multiple comparisons. P � 0.05 is
onsidered significant. All probabilities were 2 tailed.

RESULTS

From 1994 to 2007, a total of 2,390 episodes
f PD-related peritonitis were recorded in our
nit. The overall peritonitis rate was 1 episode/
0.9 patient-months of follow-up. We analyzed
57 episodes of relapsing peritonitis, 125 epi-
odes of recurrent peritonitis, and 764 control
pisodes. Baseline clinical characteristics of pa-
ients at the time of peritonitis are compared
mong groups and listed in Table 2. Patients with
elapsing peritonitis were significantly younger
1-way analysis of variance, P � 0.005) and had
significantly lower Charlson Comorbidity In-

ex score (P � 0.006) compared with the other 2
roups. There was no significant difference in
aseline clinical data between patients in the
ecurrent and control groups.

the Time of the First Peritonitis Episode

Recurrent Group Control Group

125 764
70/55 392/372

58.0 � 12.7 57.0 � 13.6
34.8 � 35.6 24.2 � 26.2

159.9 � 8.4 159.7 � 8.3
58.9 � 10.3 59.5 � 11.2

34 (27.2) 216 (28.3)
27 (21.6) 237 (31.0)
14 (11.2) 56 (7.3)
5 (4.0) 25 (3.3)
9 (7.2) 45 (5.9)

36 (28.8) 185 (24.2)

23 (18.4) 153 (20.0)
25 (20.0) 155 (20.3)
7 (5.6) 48 (6.3)

36 (28.8) 293 (38.4)
5.5 � 2.3 5.6 � 2.4
nts at

Group

8
13.6
33.0
8.5
11.6

.8)

.7)
9)
2)
6)
.7)

.9)

.8)
4)
.2)
2.3
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ausativeOrganism

Microbiological causes of the second episodes
f peritonitis are listed in Table 3. There was a
ignificant difference in the distribution of caus-
tive organisms among groups (overall �2 test,

� 0.001). Specifically, compared with the
ontrol group, there was a trend to a greater
ercentage of peritonitis episodes in the relaps-
ng group that were caused by Pseudomonas
pecies and that were culture negative, whereas
he proportion of episodes caused by S aureus
as slightly lower (Table 3). In contrast, in the

ecurrent group, there was a trend to a greater
ercentage of peritonitis episodes that were
aused by Enterococcus species and Gram-
egative organisms and that had mixed bacterial
rowth (Table 3).
Concomitant exit-site infections were present

n 10.2%, 10.4%, and 14.1% of the relapsing,
ecurrent, and control groups, respectively (P �
.3); exit-site infections with the same organism
s the peritonitis episode were present in 7.0%,
.0%, and 9.3% of the relapsing, recurrent and

Table 3. Microbiological Cause of the Second
Episode of Peritonitis

Organisms
Identified

Relapsing
Group

Recurrent
Group

Control
Group

ram-positive
organisms

Staphylococcus
aureus 12 (7.6) 6 (4.8) 104 (13.6)

Coagulase-negative
Staphylococcus
species 20 (12.7) 12 (9.6) 92 (12.0)

Enterococcus
species 1 (0.6) 4 (3.2) 9 (1.2)

Other
Streptococcus
species 2 (1.3) 4 (3.2) 81 (10.6)

Others 6 (3.8) 7 (5.6) 15 (2.0)
ram-negative

organisms
Pseudomonas

species 26 (16.6) 14 (11.2) 72 (9.4)
Escherichia coli 12 (7.6) 10 (8.0) 52 (6.8)
Others 20 (12.7) 34 (27.2) 85 (11.1)

ungi 1 (0.6) 10 (8.0) 17 (2.2)
ycobacterium 0 (0) 2 (1.6) 15 (2.0)
olymicrobial growth 10 (6.4) 22 (17.6) 97 (12.7)
ulture negative 47 (29.9) 0 (0) 125 (16.4)
otal 157 125 764

Note: Values expressed as number (percent).
ontrol groups, respectively (P � 0.1). In either
h
c

ase, the incidence was not different among
atient groups.

linical Response

Major clinical outcomes are shown in Fig 1.
fter adjusting for patient age and Charlson

omorbidity score, there were significant differ-
nces in primary response, complete cure, and
ortality rates among groups (P � 0.001 for all

omparisons), whereas the catheter removal rate
as not significantly different among groups. On

urther post hoc analysis, the recurrent group had
significantly lower primary response rate

71.2% versus 86.4%; P � 0.001), lower com-
lete cure rate (42.4% versus 72.3%; P � 0.001),
nd higher mortality rate (20.8% versus 7.7%;
� 0.001) than the control group; as well as a

ower primary response rate (71.2% versus
8.5%; P � 0.001), lower complete cure rate
42.4% versus 62.4%; P � 0.003), and higher
ortality rate (20.8% versus 7.0%; P � 0.002)

han the relapsing group (Fig 1). There were no
ignificant differences in primary response, cath-
ter removal, or mortality rates between the
elapsing and control groups. However, the relaps-
ng group had a slightly, but significantly, lower
omplete cure rate than the control group (62.4%
ersus 72.3%; P � 0.04).
We also found a significant interaction be-

ween the effects of concomitant exit-site infec-

Figure 1. Comparison of clinical outcomes among
roups. See text for the P value for the overall comparison
y means of logistic regression. P values in parentheses
epresent overall comparison by means of logistic regres-
ion after adjusting for age and Charlson comorbidity
core; other P values in the figure are the results of post

oc analysis adjusted by using the Bonferroni method for 3
omparisons.
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Szeto et al706
ion and patient group on mortality. Subgroup
nalysis showed that in patients without exit-site
nfection, the mortality rate in the recurrent group
22.3%) was significantly greater than those for
he control and relapsing groups (8.1% and 5.7%,
espectively; P � 0.001 for either compared with
he recurrent group; Fig 2). In contrast, for pa-
ients with concomitant exit-site infection, the
elapsing group had a marginally greater mortal-
ty rate than the control group (18.8% versus
.6%; P � 0.2); however, the result was not
tatistically significant. There were no interac-
ions between the effects of concomitant exit-site

Figure 2. Effect of concomitant exit-site infection on
he mortality of patient groups. P values are the results of
ost hoc analysis adjusted by using the Bonferroni method
or 3 comparisons.

Figure 3. Relation between clinical outcome and cho

ancomycin versus cefazolin, and (B) Gram-negative coverage, c
in).
nfection and patient group on primary response,
omplete cure, and catheter removal rates (de-
ails not shown).

hoice ofAntibiotics

Because relapsing and recurrent peritonitis
pisodes could not be differentiated at their ini-
ial presentation, we examined the effect of choice
f empirical antibiotic therapy on clinical out-
ome for both conditions as a group. The result is
hown in Fig 3. After adjusting for age and
harlson comorbidity score, empirical use of
ancomycin as Gram-positive coverage com-
ared with cefazolin was associated with a signifi-
antly higher primary response rate (87.9% versus
2.7%; P � 0.003), significantly lower mortality
ate (6.8% versus 20.0%; P � 0.002), and margin-
lly lower catheter removal rate (6.1% versus
2.7%; P � 0.07), although the latter did not reach
tatistical significance (Fig 3). However, com-
lete cure rates were similar between patients
reated with vancomycin and cefazolin (56.1%
ersus 49.1%; P � 0.3). After adjusting for age
nd Charlson comorbidity score, empirical use
f ceftazidime as Gram-negative coverage com-
ared with an aminoglycoside (either netilmicin
r gentamicin) was associated with a signifi-
antly higher primary response rate (82.3% ver-
us 62.5%; P � 0.02), significantly lower cath-

initial empirical antibiotics: (A) Gram-positive coverage,
ice of

eftazidime versus aminoglycoside (netilmicin or gentami-
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Recurrent Peritonitis in PD 707
ter removal rate (7.5% versus 25.0%; P �
.006), higher complete cure rate (54.3% versus
1.7%; P � 0.06), and lower mortality rate
11.8% versus 25.0%; P � 0.07), although the
atter 2 comparisons did not reach statistical
ignificance (Fig 3).

We further tested the interaction between choice
f initial empirical antibiotics and the causative
rganism of the previous peritonitis episode on
linical outcome. In brief, there was a significant
nteraction between empirical Gram-positive an-
ibiotic coverage and causative organism of the
revious peritonitis episode on primary response
ate (P � 0.05) and rate of catheter removal (P �
.04) after adjusting for 4 comparisons by using
he Bonferroni method. Subgroup analysis
howed that the benefit of vancomycin is con-
ned largely to patients whose previous peritoni-

is episode was caused by Gram-positive organ-
sms (Fig 4), in which case empirical vancomycin
ad a significantly higher primary response rate
96.1% versus 70.6%; P � 0.001) and signifi-
antly lower catheter removal rate (2.0% ver-
us 17.6%; P � 0.01) than cefazolin treatment.
he causative organism of the previous perito-
itis episode did not have a significant interac-
ion with choice of antibiotic coverage for Gram-
ositive organisms on the complete cure or
ortality rate and did not have a significant

nteraction with choice of antibiotic coverage for
Figure 4. Effect of the causative organism of the previous perit
atheter removal in relation to the choice of initial antibiotic covera
ram-negative organisms on any clinical out-
ome (details not shown).

DISCUSSION

In this retrospective study, we show that relaps-
ng peritonitis commonly is caused by coagulase-
egative Staphylococcus and Pseudomonas spe-
ies, whereas recurrent peritonitis often is caused
y non-Pseudomonas Gram-negative organisms
nd mixed bacterial growth. Our findings sug-
est that relapsing and recurrent peritonitis are 2
istinct clinical entities and provide support to
he current terminology proposed in the ISPD
ecommendation.10 Because recurrent peritonitis
ften is caused by non-Pseudomonas Gram-
egative organisms and mixed bacterial growth,
he underlying bowel pathological state may be
n important, but unrecognized, cause of recur-
ent peritonitis episodes. However, recent antibi-
tic therapy may disturb gastrointestinal flora
nd provoke transmural migration of bowel or-
anisms to the peritoneal cavity.21

In the present study, we show that recurrent
eritonitis episodes had the worst primary re-
ponse rate, greatest incidence of catheter re-
oval, and greatest mortality. The clinical out-

ome of relapsing and recurrent episodes is
ontrary to what is traditionally believed. Specifi-
ally, it generally is believed that relapsing epi-
odes are more severe than recurrent ones11;
onitis episode on (A) primary response rate and (B) rate of
ge for Gram-positive organisms.
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Szeto et al708
ost experts would recommend catheter re-
oval for relapsing peritonitis, whereas recur-

ent peritonitis frequently is treated without cath-
ter removal.11 It certainly is possible that
eritonitis episodes that are prone to relapse (ie,
aureus and Pseudomonas species) are more

ggressively treated nowadays compared with
0 or 15 years ago, and the clinical behavior of
elapsing peritonitis episodes under the contem-
orary treatment guideline may be different from
hat observed in patients treated a decade or more
go. However, to the best of our knowledge,
here are no published reports comparing clinical
haracteristics and therapeutic responses be-
ween relapsing and recurrent peritonitis epi-
odes.

It is unexpected to find that concomitant exit-
ite infection had very little impact on clinical
utcome. We are not sure of the reason for this
henomenon. It is possible that prescription of
ntibiotics is liberal in Hong Kong, and most
atheter infections are treated aggressively. How-
ver, it also is possible that most bacterial biofilm
hat causes relapsing peritonitis comes from the
atheter lumen without overt exit-site infection.

We found that for patients who present with
elapsing or recurrent peritonitis, vancomycin is
uperior to cefazolin as empirical antibiotic treat-
ent, especially in patients with a previous peri-

onitis episode caused by Gram-positive organ-
sms. The result is consistent with our previous
tudies17,22,23 and other reports24,25: the risk of
aving a methicillin-resistant isolate is increased
ubstantially in patients with recent antibiotic
herapy. We also observed that ceftazidime has
ertain advantage over an aminoglycoside as
mpirical treatment in patients with a previous
eritonitis episode caused by Gram-negative or-
anisms. The finding is consistent with our previ-
us observation in Pseudomonas peritonitis,20

hich is particularly prone to relapse. We are not
ure why aminoglycosides have an inferior treat-
ent response, but it seems possible that the

urrently recommended dose of netilmicin or
entamicin could not achieve therapeutic plasma
evels, especially in patients with substantial
esidual renal function, and therefore has mini-
al systemic bactericidal activity.
There are a number of limitations to our present

tudy. Although the sample size seems large,

esults are retrospective and uncontrolled. For t
he effect of empirical antibiotic therapy on clini-
al outcome, we could not exclude the possibility
f selection bias (although � 90% of episodes
ere managed according to a predefined proto-

ol). Our result also does not exclude the possibil-
ty that with prolonged used of a certain antibi-
tic as empirical therapy, the pattern of antibiotic
esistance would change, so that the satisfactory
esponse initially observed would not be sus-
ained. In theory, there could be a periodic varia-
ion in the pattern of bacteriological cause of
eritonitis in our center that may confound the
esponse to antibiotic. Nonetheless, our previous
tudy showed that the change in bacteriological
attern was somewhat irregular,5 and systemic
ias therefore is unlikely. Second, we did not
nalyze the interaction between antibiotic resis-
ance and choice of empirical therapy because
he sample size of each group would be small.
imilar analyses had been performed in our
revious reports on peritonitis caused by S au-
eus,17 coagulase-negative Staphylococcus spe-
ies,23 and Enterobacteriaceae species16; how-
ver, all of them did not distinguish relapsing,
ecurrent, and de novo episodes. Because prophy-
actic antibiotic protocols are not used in our
enter (except for mupirocin ointment for nasal
arriers of S aureus and gentamicin cream for
xit-site infection), our study could not provide
nformation about the efficacy of various prophy-
actic protocols in reducing the risk of peritonitis.

Finally, we performed a considerable number
f statistical comparisons, with the goal of gener-
ting hypotheses. Although P values are adjusted
or multiple comparisons, type I statistical error
emains possible. Additional studies are needed
o confirm our observations. Given the possibil-
ty of a bowel origin that caused recurrent perito-
itis episodes, it would be particularly interest-
ng to test whether there is a beneficial effect of
owel decontamination for the prevention of
ecurrent peritonitis. Our previous study of Enter-
bacteriaceae peritonitis showed that treatment
ith 2 antibiotics compared with monotherapy
ay reduce the risk of relapse and recurrence.16

t is unknown whether empirical coverage with 2
ntibiotics (for example, ceftazidime plus an
minoglycoside) would result in a superior out-
ome in patients who present with cloudy PDE
oon after completing treatment for an Enterobac-

eriaceae peritonitis episode. In this study, we
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ncluded each individual only once for statistical
nalysis to avoid complex analysis that accounts
or multiple events. However, the result of analy-
is would be similar if all episodes were included
details not shown).

Despite the limitations, one advantage of this
tudy is that it is from a single center, meaning
hat data are more complete and accuracy could
e checked more readily compared with registry
ata. Realistically, large adequately powered stud-
es of PD peritonitis are unlikely to be done, and
linical practice must rely heavily on large retro-
pective studies. In addition, our result provides
mportant insight about the clinical management
f peritonitis. Specifically, in patients who de-
elop cloudy PDE soon after completing treat-
ent for Gram-positive peritonitis, vancomycin
ould be a better choice of empirical antibiotic

overage than cefazolin, at least until informa-
ion about antibiotic sensitivity is available. Simi-
arly, in those who had a recent Gram-negative
eritonitis episode, ceftazidime seems a better
mpirical treatment than an aminoglycoside. This
olicy would have an additional advantage of
voiding repeated exposure to aminoglycosides,
ith potential ototoxicity and vestibular toxicity.
ore importantly, recurrent peritonitis episodes

ad a poor therapeutic response and high mortal-
ty; they deserve a treatment equally, if not more,
ggressive as for relapsing episodes.

In summary, we show that relapsing and
ecurrent peritonitis episodes are caused by a
ifferent spectrum of bacteria and probably
epresent 2 distinct clinical entities. Recurrent
eritonitis episodes had a lower primary re-
ponse rate, more catheter removal, and greater
ortality than relapsing and control episodes.
ur findings suggest that for patients who
resent with relapsing or recurrent peritonitis,
ancomycin and ceftazidime as the empirical
reatment are associated with a better outcome
han cefazolin and an aminoglycoside, respec-
ively.
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