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Abstract
Background. Coagulase-negative staphylococcal (CNS)
peritonitis is the most common cause of peritoneal dialysis
(PD)-associated peritonitis. Previous reports of this impor-
tant condition have been sparse and generally limited to
single-centre studies.
Methods. The frequency, predictors, treatment and clinical
outcomes of CNS peritonitis were examined by multivari-
ate logistic regression and multilevel Poisson regression in
all adult PD patients in Australia between 2003 and 2006.
Results. A total of 936 episodes of CNS peritonitis (con-
stituting 26% of all peritonitis episodes) occurred in 620
individuals. The observed rate of CNS peritonitis was
0.16 episodes per patient-year. Lower rates of CNS perito-
nitis were independently predicted by Asian racial origin
(adjusted odds ratio [OR], 0.52; 95% CI, 0.35–0.79), reno-
vascular nephrosclerosis (OR, 0.40; 95% CI, 0.18–0.86),
early referral to a renal unit prior to dialysis commence-
ment (OR, 0.38; 95% CI, 0.19–0.79) and treatment with
automated PD at any time during the PD career (OR,
0.79; 95% CI, 0.66–0.96). The majority of CNS peritonitis
episodes were initially treated with intraperitoneal vanco-
mycin or cephazolin in combination with gentamicin. This
regimen was changed in 533 (57%) individuals after a me-
dian period of 3 days, most commonly to vancomycin
monotherapy. The median total antibiotic course duration
was 14 days. Compared with other forms of peritonitis,
CNS episodes were significantly more likely to be cured
by antibiotics alone (76 vs 64%, P < 0.001) and less likely
to be complicated by hospitalization (61 vs 73%, P <
0.001), catheter removal (10 vs 26%, P < 0.001), tempo-
rary haemodialysis (2 vs 5%, P < 0.001), permanent hae-
modialysis transfer (9 vs 21%, P < 0.001) and death (1.0 vs
2.7%, P = 0.002). CNS peritonitis was also associated with
a shorter duration of hospitalization, a longer time to cath-
eter removal and a shorter duration of temporary haemo-
dialysis. Catheter removal and permanent haemodialysis
transfer were independently predicted by polymicrobial

peritonitis and initial empiric administration of vancomy-
cin (compared with cephalosporins). CNS peritonitis was
associated with a higher relapse rate (17 vs 13%, P =
0.003) and relapsed CNS peritonitis was associated with
a higher catheter removal rate (22 vs 7%, P < 0.001). Re-
peat peritonitis occurred in 194 (31%) individuals and the
highest risk was in the second month after completion of
antibiotic treatment for CNS peritonitis (OR, 1.87; 95%
CI, 1.39–2.51 compared with >2 months).
Conclusions. CNS peritonitis is a common complication
with a relatively benign outcome compared with other
forms of PD-associated peritonitis. Relapsed and repeat
peritonitis are relatively common and are associated with
worse outcomes.
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peritonitis

Introduction

Coagulase-negative staphylococci (CNS) are isolated in
11.4–39.9% of cases of culture-positive peritoneal dialysis
(PD)-related peritonitis, representing the most common
cause of PD-related peritonitis [1–6]. Rates of CNS-relat-
ed peritonitis declined significantly in the early 1990s fol-
lowing the introduction of the ‘Y’-set and double-bag
connection systems [3–5,7,8]. However, subsequent rates
of CNS-related PD peritonitis have remained static.

The ISPD guidelines describe CNS-related PD peritoni-
tis as a generally mild form of peritonitis that often re-
sponds well to antibiotic therapy [9]. The committee
recommends 2 weeks of antibiotic therapy and a review
of patient technique, while in cases of relapsed peritonitis,
catheter colonization with a biofilm should be suspected
and treated by catheter removal [9]. However, reports of
the predictors, clinical course, treatment and outcomes of
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CNS peritonitis remain unclear because most available
studies are based on older, small clinical studies involving
single centres (often where PD expertise is concentrated)
with limited depth of data collection and/or lack of a com-
parison group [1,2,6]. To date, there has not been a com-
prehensive, multicentre examination of CNS peritonitis
risk factors and outcomes.

The aim of the current study was to examine the fre-
quency, predictors, treatment and clinical outcomes of
CNS peritonitis in all Australian PD patients, as recorded
in the ANZDATA registry.

Materials and methods

Study population

This prospective observational study was planned at the commencement
of the Australian Peritonitis Registry on 1 October 2003 when the AN-
ZDATA Registry started collecting detailed peritonitis data. Previous
analyses have already been published for PD peritonitis due to Staphylo-
coccus aureus [10], streptococcus [11], enterococcus [12], corynebacteri-
um [13], pseudomonas [14], fungus [15], polymicrobial organisms [16]
and culture-negative infection [17]. The investigation included all Austra-
lian adult patients from the ANZDATA Registry who were receiving PD
between 1 October 2003 and 31 December 2006. The data collected in-
cluded demographic data, cause of primary renal disease, comorbidities at
the start of dialysis (coronary artery disease, peripheral vascular disease,
cerebrovascular disease, chronic lung disease, diabetes, hypertension and
smoking status), body mass index (BMI), late referral (defined as com-
mencement of dialysis within 3 months of referral to a nephrologists), PD
modality [CAPD only vs automated PD (APD) ever], microbiology of
peritonitis episodes (up to three organisms for polymicrobial episodes),
initial and subsequent antibiotic treatment regimens and duration of anti-
microbial course (calculated as the number of days elapsed between the
first and last dose of antimicrobial agent). CNS peritonitis was defined as
clinical features of peritonitis (abdominal pain or cloudy dialysate), dial-
ysate leucocytosis (white blood cell count >100/μL with >50% neutro-
phils) and dialysate culture yielding CNS. In cases of polymicrobial
peritonitis, CNS peritonitis was recorded if CNS was at least one of the
isolated organisms. Centre size was categorized according to quartiles of
the numbers of patients cared for by individual units over the duration of
the study: small (<11 patients), small–medium (11–38 patients), medium–
large (39–98 patients) and large (>99 patients).

The outcomes examined were peritonitis relapse, repeat peritonitis,
peritonitis-associated hospitalization, catheter removal, temporary or per-
manent transfer to haemodialysis and patient death. Peritonitis relapse was
defined as a recurrence of CNS peritonitis due to the same organism oc-
curring within 4 weeks of the last antibiotic dose (or within 5 weeks if
intermittent vancomycin was used) for peritonitis. Repeat peritonitis was
defined as an episode of CNS peritonitis occurring more than 4 weeks
after the last antibiotic dose (or more than 5 weeks if intermittent van-
comycin was used) for peritonitis due to the same organism. Peritonitis-
related death was recorded if the patient's death was directly attributable
to peritonitis in the clinical opinion of the treating nephrologist. A peri-
tonitis episode was considered ‘cured’ by antibiotics alone if the patient
was symptom free, the PD effluent was clear and the episode was not
complicated by relapse, catheter removal or death.

Statistical analysis

Results were expressed as frequencies and percentages for categorical
variables, mean ± standard deviation for continuous variables and median
and interquartile range (IQR) for non-parametric data. Differences be-
tween the two groups of patients were analysed by chi-square test for
categorical data, unpaired t-test for continuous parametric data and
Mann–Whitney test for continuous non-parametric data. The independent
predictors of CNS peritonitis were determined by multivariate multilevel
mixed-effects Poisson regression analysis. In order to account for the
structure of the data, this multilevel hierarchical model was created with
a random effect for state of residence, treating unit and individual patient

[18]. Predictors of peritonitis outcomes were determined by multivar-
iate logistic regression using stepwise backward elimination. First-order
interaction terms between the significant covariates were examined for
all analyses. Data were analysed using the software packages SPSS for
Windows release 12.0 (SPSS Inc., North Sydney, Australia) and Stata/SE
9.2 (College Station, TX). P-values <0.05 were considered statistically
significant.

Results

Population characteristics

A total of 4675 patients received PD in Australia during
the study period (1 October 2003 to 31 December 2006).
They were followed up for 6002 patient-years. In this
group, 3594 episodes of peritonitis occurred in 1984
(42%) patients and 936 episodes of CNS peritonitis oc-
curred in 361 individuals. CNS peritonitis accounted for
26% of all peritonitis episodes in 18% of all patients expe-
riencing peritonitis. The rates of all peritonitis and CNS
peritonitis were 0.60 and 0.16 episodes per patient-year
of treatment. The organisms isolated in cases of CNS peri-
tonitis included Staphylococcus epidermidis (539 or 58%),
CNS other (214 or 23%) and CNS unknown (207 or 22%).
Two different CNS species were isolated in 24 (3%) epi-
sodes. Additional non-CNS organisms were isolated in
84 (10%) episodes of CNS peritonitis, including S. aureus
(n = 7), streptococci (n = 15), enterococci (n = 10), cory-
nebacteria (n = 3), other Gram-positive organisms (n = 9),
pseudomonas (n = 5), acinetobacter (n = 5), E. coli (n = 4),
Klebsiella (n = 3), enterobacter (n = 3), proteus (n = 1),
neisseria (n = 1), other Gram-negative organisms (n =
10) and fungi (n = 8).

Predictors of CNS peritonitis

The characteristics of patients who experienced CNS or
non-CNS peritonitis are shown in Table 1. On univariate
analysis, patients who experienced CNS peritonitis during
the study period were more likely to be older, have a lower
eGFR at dialysis commencement, have diabetes mellitus,
have a low or low average baseline peritoneal transport sta-
tus, spend a smaller proportion of their PD career receiving
APD vs CAPD and were treated at a larger-sized PD centre
than patients who did not experience CNS peritonitis.
There was also a trend for males to be more likely to ex-
perience CNS peritonitis.

On multivariate multilevel mixed-effects Poisson regres-
sion analysis of all peritonitis episodes, lower rates of CNS
peritonitis were significantly and independently predicted
by Asian racial origin (adjusted odds ratio [OR], 0.52;
95% CI, 0.35–0.79), renovascular nephrosclerosis (OR,
0.40; 95% CI, 0.18–0.86), early referral to a renal unit pri-
or to dialysis commencement (OR, 0.38; 95% CI, 0.19–
0.79) and treatment with APD at any time during the PD
career (OR, 0.79; 95% CI, 0.66–0.96). The development of
CNS peritonitis was not associated with age, gender, BMI,
smoking status, chronic lung disease, coronary artery dis-
ease, peripheral vascular disease, cerebrovascular disease,
diabetes mellitus, eGFR at dialysis commencement, perito-
neal transport status or centre size.
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Treatment of CNS peritonitis

The majority of patients with CNS peritonitis were treated
with either intraperitoneal vancomycin or cephazolin in
combination with gentamicin (Table 2). The initial antibiot-
ic regimen was changed in 533 (57%) CNS peritonitis epi-
sodes after a median period of 3 days, with the predominant
change being conversion to vancomycin monotherapy. Oral
antibiotics were used at some stage in 78 (8%) patients, with
the most common choice being cephalexin followed by
amoxycillin with clavulanic acid and an isoxazolyl penicil-
lin (typically flucloxacillin). Overall, the median total anti-
biotic course duration for CNS peritonitis was 14 days.

Although the ANZDATA Registry does not collect in-
formation about antimicrobial susceptibilities of organisms

isolated from PD patients with peritonitis, the methicillin
sensitivities of 627 (67%) CNS isolates from PD fluid
were subsequently obtained separately from selected mi-
crobiology laboratories servicing the bulk of PD units in
Australia during the period 2003–06. These are presented
in Table 3 and consistently demonstrated that the majority
(68%) of organisms were methicillin resistant.

In terms of adjunctive therapy, Tenckhoff catheter instil-
lation with either urokinase or streptokinase was performed
more commonly in CNS than non-CNS peritonitis (1.4 vs
0.6%, respectively, P = 0.03). Instillation of streptokinase
or urokinase was significantly more common in the setting
of relapsed CNS peritonitis (5 vs 0.6%, P < 0.001). There
were no significant differences between the two groups
with respect to the utilization of other adjunctive thera-
pies, including rifampicin (0.5 vs 0.5%, P = 0.9), nystatin
anti-fungal chemoprophylaxis (7 vs 7%, P = 0.4) or heparin
administration to dialysate (21 vs 21%, P = 0.9).

Outcomes of CNS peritonitis

Compared with non-CNS peritonitis, CNS peritonitis epi-
sodes were significantly more likely to be cured by anti-
biotics alone (76 vs 64%, P < 0.001) and less likely to
be complicated by hospitalization (61 vs 73%, P <
0.001), catheter removal (10 vs 26%, P < 0.001), tempo-
rary haemodialysis (2 vs 5%, P < 0.001), permanent hae-
modialysis transfer (9 vs 21%, P < 0.001) or death (1.0 vs
2.7%, P = 0.002) (Table 4). CNS peritonitis was also asso-
ciated with a shorter duration of hospitalization, a longer

Table 1. Characteristics of all Australian PD patients who did or did
not experience at least one CNS peritonitis episode during the period
2003–06

Characteristic

CNS
peritonitis
(n = 620)

No CNS
peritonitis
(n = 4055) P-value

Age (years) 63.0 ± 15.9 61.3 ± 16.8 0.02
Women, n (%) 260 (42) 1866 (46) 0.06
Racial origin, n (%) 0.7
Caucasian 478 (77) 3103 (77)
ATSI 53 (9) 308 (8)
MPI 14 (2) 93 (2)
Asian 50 (8) 391 (10)
Other 25 (4) 160 (4)

BMI (kg/m2) 26.0 ± 5.2 25.9 ± 6.5 0.5
eGFR at dialysis start
(mL/min/1.73 m2)

6.8 ± 3.4 7.2 ± 4.6 0.04

Late referral, n (%) 161 (26) 950 (23) 0.4
ESRF cause, n (%) 0.2
Chronic glomerulonephritis 163 (26) 1160 (29)
Diabetic nephropathy 193 (31) 1126 (28)
Renovascular disease 95 (15) 544 (13)
Polycystic kidneys 37 (6) 219 (5)
Reflux nephropathy 22 (4) 175 (4)
Other 79 (13) 566 (14)
Unknown 31 (5) 265 (7)

Smoker, n (%) 0.13
Current 78 (13) 479 (12)
Former 249 (40) 1485 (37)
Never 293 (47) 2091 (52)

Chronic lung disease, n (%) 79 (13) 520 (13) 1.0
Coronary artery disease, n (%) 228 (37) 1439 (35) 0.5
Peripheral vascular disease, n (%) 140 (23) 906 (22) 0.9
Cerebrovascular disease, n (%) 81 (13) 527 (13) 1.0
Diabetes mellitus, n (%) 263 (42) 1475 (36) 0.004
Proportion of PD career
spent on APD, %

0 [0–95] 6 [0–100] 0.03

Peritoneal transport status, n (%) <0.001
High 64 (10) 407 (10)
High average 230 (37) 1481 (37)
Low average 173 (28) 905 (22)
Low 34 (5) 164 (4)
Unknown/not specified 119 (19) 1098 (27)

Centre size (no. of PD patients),
n (%)

0.005

Small (≤10) 5 (0.8) 50 (1.2)
Small–medium (11–38) 31 (5) 290 (7)
Medium–large (39–98) 113 (18) 915 (23)
Large (≥99) 471 (76) 2800 (69)

ATSI, Aboriginal and Torres Strait Islander; MPI, Maori and Pacific
Islander.

Table 2. Antimicrobial agents prescribed in the initial, second and third
antibiotic regimens for CNS peritonitis episodes in Australian PD patients
2003–06

Antibiotic

CNS peritonitis (n = 936 episodes),
n (%)

First
regimen
(n = 936)

Second
regimen
(n = 533)

Third
regimen
(n = 95)

Cephazolin 373 (40) 52 (10) 1 (1)
Vancomycin 483 (52) 377 (71) 65 (68)
Gentamicin 609 (65) 45 (8) 5 (5)
Ciprofloxacin 53 (6) 13 (2) 6 (6)
Cefoxitin 39 (4) 3 (1) 0 (0)
Ceftazidime 94 (10) 7 (1) 2 (2)
Ceftriaxone 23 (2) 5 (1) 1 (1)
Cephalothin 59 (6) 16 (3) 1 (1)
Cephalexin 2 (0.2) 16 (3) 8 (8)
Other cephalosporin 14 (1) 6 (1) 2 (2)
Flucloxacillin/dicloxacillin/
cloxacillin

4 (0.4) 9 (9) 4 (4)

Amoxycillin 2 (0.2) 1 (0.2) 1 (1)
Amoxycillin ± clavulanate 22 (2) 6 (1) 3 (3)
Metronidazole 2 (0.2) 5 (1) 1 (1)
Othera 33 (4) 19 (4) 15 (16)

Results represent the number of episodes treated with antibiotic (% of
total treated with first-, second- or third-line regimen). Note that values
within each column add to more than 100% because of the use of com-
bination antimicrobial regimens.
aOther includes amikacin, amphotericin B, aztreonam, clindamycin,
erythromycin, fluconazole, imipenem, rifampicin, sulphamethoxazole/tri-
methoprim, ticarcillin, teicoplanin, tobramycin and unknown.

3388 M. Fahim et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/25/10/3386/1873738 by U

.S. D
epartm

ent of Justice user on 17 August 2022



time to catheter removal and a shorter duration of tempo-
rary haemodialysis. There was also a trend to a longer time
to peritonitis-associated death. Using multivariate logistic
regression, isolation of CNS from dialysate culture during
a peritonitis episode was a significant, independent predic-
tor of peritonitis cure with antibiotics alone (OR, 1.78;
95% CI, 1.49–2.13).

CNS peritonitis was associated with a significantly
higher risk of relapse (17 vs 13%, P = 0.003), and patients
who experienced a relapse of CNS peritonitis were signif-
icantly more likely to have their catheters removed than pa-
tients with CNS peritonitis who did not experience a
relapse (22 vs 7%, P < 0.001; OR, 3.47; 95% CI, 2.18–
5.52). In patients who did not undergo catheter removal,
CNS peritonitis was still associated with a higher risk of
relapse (15 vs 11%, P = 0.008).

With respect to repeat peritonitis, 426 (69%) patients ex-
perienced 1 episode, 124 (20%) experienced 2 episodes,
43 (7%) experienced 3 episodes, 18 (3%) experienced 4
episodes, 1 (0.2%) experienced 5 episodes, 4 (0.6%) expe-
rienced 6 episodes, 2 (0.3%) experienced 7 episodes, 1
(0.2%) experienced 8 episodes and 1 (0.2%) experienced
10 episodes. The highest risk of repeat peritonitis was in
the second month after the completion of antibiotic treat-
ment for CNS peritonitis (OR, 1.87; 95% CI, 1.39–2.51
compared with >2 months). The median [IQR] interval be-
tween a previous episode of peritonitis and subsequent
peritonitis was significantly shorter for CNS peritonitis
(65 [37–174] days) than for non-CNS peritonitis (89
[37–204] days, P = 0.0.05).

Hospitalization of patients with CNS peritonitis was sig-
nificantly and independently predicted by younger age
(OR, 0.986; 95% CI, 0.975–0.997), female gender (OR,
1.70; 95% CI, 1.24–2.33), Asian racial origin (OR, 0.51;
95% CI, 0.29–0.90), Aboriginal and Torres Strait Islander
racial origin (OR, 0.47; 95% CI, 0.29–0.77), eGFR (OR,
1.07; 95% CI, 1.02–1.13), coronary artery disease (OR,
1.58; 95% CI, 1.10–2.25), use of an agent other than van-
comycin or cephalosporin in the initial empiric antibiotic
regimen (OR, 2.31; 95% CI, 1.33–4.01) and polymicrobial
peritonitis (OR, 2.79; 95% CI, 1.60–4.85).

Catheter removalwas significantly more likely with poly-
microbial peritonitis (OR, 4.62; 95% CI, 2.60–8.22) and
was less likely with the use of cephalosporins in the initial
empiric antibiotic regimen (OR, 0.41; 95% CI, 0.23–0.72)
compared with vancomycin therapy. The risk of permanent
haemodialysis was similarly predicted by polymicrobial
peritonitis (OR, 4.96; 95% CI, 2.73–8.99) and cephalospo-
rin therapy (OR, 0.46; 95% CI, 0.26–0.83). No independent
predictors of peritonitis-associated death were identified, al-
though the number of events was low.

Effect of timing of catheter removal in CNS peritonitis

Tenckhoff catheter removal occurred in 91 (10%) of the
936 episodes of CNS peritonitis after a median period of
11 days. When outcomes were compared between early
(within 7 days) and late (after 7 days) catheter removal,
there were no significant differences observed with respect
to permanent haemodialysis transfer (88 vs 77%, respec-
tively, P = 0.2) or death (3 vs 2%, P = 0.7).

Discussion

The present study represents the most comprehensive exam-
ination to date of the frequency, predictors, treatment and
clinical outcomes of PD-associated CNS peritonitis. CNS
peritonitis was found to account for 26% of all PD-related
peritonitis episodes, was more common in patients who
were referred late to a renal unit for dialysis and was less
common in Asian patients, those with renovascular nephro-
sclerosis and those who received APD therapy at any time
during their PD career. The higher rate of CNS peritonitis in
late referred patients may represent poorer quality of pre-di-
alysis care and possibly poorer PD training. Alternatively,
adherence to proper PD technique may more often be sub-
optimal in late referred patients, leading to an increased pos-
sibility of peritoneal contamination with CNS. The lower
risks of CNS peritonitis in Asian patients and those with re-
novascular nephrosclerosis are unexplained, although Asian
patients do have overall lower peritonitis rates and higher
technique survival compared with non-Asian PD patients
in Australia. This may reflect better adherence to proper
PD technique or innate resistance to PD-associated perito-
nitis following spike contamination. The lower rates of CNS
peritonitis in patients receiving APD therapy compared with
those solely treated with CAPD may reflect fewer connec-
tions with APD and, therefore, reduced risk of contamina-
tion with skin organisms, such as CNS.

Interestingly, the largest centres were found on univari-
ate analysis to be associated with a significantly increased
risk of CNS peritonitis. While we were able to adjust for
such centre effects in the multilevel hierarchical modelling,
the precise reason for this association is uncertain. One
possible explanation may relate to lower PD nurse to pa-
tient ratios in larger centres, which may in turn adversely
impact on patient training and PD exchange technique.
Studies examining ideal nurse to patient ratios have not
been performed, but there is consensus that overburdening
of nurses adversely impacts on patient training quality
[9,19]. This important aspect of patient care requires fur-
ther formal evaluation.

Our study demonstrated largely favourable outcomes for
CNS PD-related peritonitis, which were in keeping with
those reported in other series [1,2,6]. Szeto et al. [6] re-
ported on the outcomes of 232 episodes of CNS PD-relat-
ed peritonitis in 155 patients over an 11-year period. The
observed rate of CNS-related peritonitis in this series was
11.4% and was markedly lower than that reported in the
current study and other series [1–5], perhaps reflecting a
different microbiological spectrum unique to that centre/
region or a lower propensity for CNS peritonitis in Asian
patients. The authors reported a comparable cure rate by
antibiotics alone of 71.1%, a markedly higher mortality
rate of 2.6% and significantly lower rates of PD catheter
removal (2.2%) and permanent haemodialysis transfer
(0.6%). Unfortunately, no comparison was made with oth-
er causes of PD-related peritonitis in the same population,
making it difficult to interpret the relative significance of
these outcomes compared with other causes of PD-related
peritonitis. With regards to the mortality rate, the authors
commented that, in their opinion, only one of the six re-
ported deaths in their series could be directly attributed
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to peritonitis per se, equating to a mortality rate of 0.6%.
Whether such an assertion can be made with confidence is
unclear, especially since the other five deaths were related
to either infectious or cardiovascular causes. The low cath-
eter removal and haemodialysis transfer rates were also out
of keeping with those reported elsewhere [1,2]. This find-
ing probably reflects the predominant (>80%) utilization
of PD as a renal replacement therapy in Hong Kong where-
by haemodialysis transfer occurs as a last resort such that
patients are ‘switched to haemodialysis only when they
have ultrafiltration failure or peritoneal sclerosis’.

Bunke et al. [1] examined 530 episodes of PD-related
peritonitis caused by a single organism in a cohort of
1930 patients over 1 year and noted that 242 (46%) of these
episodes were caused by CNS. In keeping with the favour-
able outcomes reported here, the authors found that CNS-
related peritonitis had relatively high rates of resolution

(83.8%) and low rates of catheter removal (4.6%), hospital-
ization (17.9%), transfer to haemodialysis (1.3%) and death
(0.8%) compared with non-pseudomonal Gram-negative
and S. aureus PD-related peritonitis episodes.
Finally, Mujais [2] reported on the outcomes of single-

organism PD-related peritonitis in a cohort of 9655 US
and Canadian patients over a 6-year period. Unfortunately,
outcome data were only available for 37.2% of all perito-
nitis episodes in the US cohort and 52.8% of episodes in
the Canadian cohort. The completeness of the data source
for CNS peritonitis outcomes was not recorded in the re-
port nor was the definition of ‘resolution’. Despite these
methodological issues, the outcomes of CNS PD-related
peritonitis were reported as a resolution rate of 92.6% in
US patients and 92.1% in Canadian patients, a catheter re-
moval rate of 6.7% in US patients and 6.5% in Canadian
patients and a mortality rate of 0.7% in US patients and
1.4% in Canadian patients. The author commented that
‘among Gram-positive organisms, coagulase-negative in-
fections had the best outcomes’; however, no formal statis-
tical analysis was included to substantiate this conclusion
and no comparison was performed with Gram-negative or
culture-negative PD-related peritonitis groups.

Our study demonstrates that CNS peritonitis is asso-
ciated with a significantly higher risk of relapse (17 vs
13%, P = 0.003) compared with other causes of PD-related
peritonitis. This finding may represent competing risks
since CNS peritonitis episodes are more likely to be as-
sociated with the catheter remaining in situ (thereby ex-
posing patients to the risk of relapse) than non-CNS
peritonitis. Alternatively, it may represent a true risk relat-
ed to CNS since CNS peritonitis was associated with a
higher risk of relapse even in patients who did not undergo

Table 3. Methicillin sensitivities of CNS isolated from PD fluid in
selected microbiology laboratories servicing the bulk of PD units in
Australia during the period 2003–06

Australian State

Number of
CNS PD
isolates

Number tested
for methicillin
resistance

% methicillin
resistant

Queensland 219 202 69
Victoria 57 42 62
South Australia 114 114 62
New South Wales 117 117 66
Western Australia 120 120 77
Totals 627 595 68

These organisms accounted for 67% of all CNS peritonitis episodes dur-
ing the study period.

Table 4. Treatment characteristics and clinical outcomes of CNS and non-CNS PD-associated peritonitis in Australia 2003–06

Outcome
CNS peritonitis
(n = 936 episodes)

Culture-positive peritonitis
(n = 2658 episodes) P-value

Treatment
Change to second antibiotic regimen 533 (57) 1477 (56) 0.5
Time to second antibiotic regimen 3 [2–5] 3 [1–5] 0.9
Change to third antibiotic regimen 95 (10) 402 (15) <0.001
Time to third antibiotic regimen 6 [4–9] 6 [4–10] 0.6
Total antibiotic treatment duration 14 [8–18] 14 [8–20] 0.12

Peritonitis relapse 158 (17) 344 (13) 0.003
Hospitalization
Number (%) 569 (61) 1935 (73) <0.001
Duration 5 [3–9] 6 [3–13] <0.001

Catheter removal
Number (%) 91 (10) 684 (26) <0.001
Time to occurrence 11 [4–34] 6 [3–11.25] 0.001
Temporary haemodialysis
Number (%) 18 (2) 134 (5) <0.001
Time to occurrence 3.5 [0.75–26.75] 6 [3–11] 0.6
Duration 60.5 [11.25–80] 69 [27–105] 0.2

Permanent haemodialysis
Number (%) 81 (9) 554 (1219) <0.001
Time to occurrence 9 [5–26] 7 [4–12] 0.009

Death
Number (%) 9 (1.0) 73 (2.7) 0.002
Time to death 22 [6–55] 10 [2.5–21.5] 0.07

Uncomplicated (no relapse, catheter removal or death) 716 (76) 1714 (64) <0.001

Results are expressed as number (%) or median days [IQR].
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catheter removal. The observation of a higher risk of re-
lapse in CNS peritonitis is supported by the finding that
pathogenic strains of CNS are able to produce enzymes
and polysaccharide slime (biofilm) that enhance their ad-
herence to prosthetic surfaces [20]. Furthermore, a small
series demonstrated that, in relapsing PD peritonitis caused
by CNS, the biotype of the organism cultured from PD ef-
fluent was the same as that grown from culturing of the
catheter [21]. Our analysis also found that, among patients
experiencing a relapse of CNS peritonitis, catheter removal
was significantly more likely than among patients with
CNS peritonitis who did not experience a relapse (22 vs
7%, P < 0.001; OR, 3.47; 95% CI, 2.18–5.52). Once again,
this is probably explained by the ability of CNS to produce
biofilms and adhere to the catheter surface, necessitating
catheter removal in some cases for cure—a practice advo-
cated by the ISPD [9]. Alternatively, indication bias may
explain the findings since it is possible that the ISPD rec-
ommendation of catheter removal in the setting of relapsed
CNS peritonitis acted as a driver for catheter removal in
patients with relapsed CNS peritonitis. In support of our
findings, Szeto et al. [6] reported a significantly lower cure
rate for relapsed and repeat CNS-related peritonitis in their
cohort (54.4 vs 76.6%, P = 0.002), but did not specifically
describe the risk of catheter removal with relapse of CNS-
related PD peritonitis.

With regards to therapy-specific associated outcomes,
the most striking findings were that catheter removal was
significantly less likely with the use of cephalosporins
compared with vancomycin therapy in the initial empiric
antibiotic regimen (OR, 0.41; 95% CI, 0.23–0.72), as
was the risk of permanent haemodialysis transfer (OR,
0.46; 95% CI, 0.26–0.83). It is unlikely that these findings
represent inferiority of vancomycin, as previously pub-
lished studies have demonstrated equivalence of cephalos-
porins and vancomycin in the treatment of CNS-related
peritonitis [6,22]. Rather, these findings most likely repre-
sent non-random initial antibiotic choice and confounding
by indication, with vancomycin being more likely to be
prescribed in higher-risk situations (e.g. relapse/repeat
peritonitis, previous recent hospitalization, etc.). Other po-
tential explanations include the fact that vancomycin tends
to be used in outpatient settings which may have indicated
remote residence or too infrequent dosing and, therefore,
poorer outcome.

Our findings support the assertion of the ISPD guide-
lines that CNS PD-related peritonitis is a generally mild
form of peritonitis that responds well to antibiotics alone
and that relapsed CNS PD-related peritonitis likely repre-
sents catheter colonization with a biofilm and often neces-
sitates catheter removal for cure. In addition, the median
duration of antibiotic therapy in our study was at least
14 days, in keeping with the ISPD guidelines. In cases
in which vancomycin was used, it is likely that the duration
of antibiotic therapy was appreciably longer than 14 days
as vancomycin is known to exert antimicrobial activity for
up to a week after administration.

The strengths of this study included its very large sam-
ple size and inclusiveness. We included all patients receiv-
ing PD in Australia during the study period, such that a
variety of centres were included with varying approaches

to the treatment of peritonitis. This greatly enhanced the
external validity of our findings. These strengths should
be balanced against the study’s limitations, which included
limited depth of data collection. ANZDATA does not
collect important information, such as the presence of con-
comitant exit site and tunnel infections, patient compli-
ance, individual unit management protocols (including
the use of prophylactic mupirocin), laboratory values (such
as C-reactive protein and dialysate white cell counts),
severity of comorbidities, antimicrobial susceptibilities,
antibiotic dosages or routes of antibiotic administration.
Even though we adjusted for a large number of patient
characteristics, the possibility of residual confounding
could not be excluded. In common with other registries,
ANZDATA is a voluntary registry and there is no external
audit of data accuracy, including the diagnosis of peritoni-
tis. Consequently, the possibility of coding/classification
bias cannot be excluded. Furthermore, the reasons under-
pinning antibiotic choices, changes and treatment dura-
tions were not captured by ANZDATA, making it
difficult to draw firm conclusions about the relationship
between prescribed antibiotics and outcomes. The true
prevalence of previous antibiotic use was likely underesti-
mated as ANZDATA only recorded information about an-
tibiotic prescription for peritonitis.

Conclusion

In conclusion, our study represents the most comprehen-
sive examination to date of the frequency, predictors, treat-
ment and clinical outcomes of CNS PD-associated
peritonitis and demonstrates that timely institution of anti-
biotic therapy produces clinical outcomes that are more fa-
vourable to those of other causes of culture-positive
peritonitis. Nevertheless, CNS peritonitis is commonly
complicated by relapse (17%) and repeat episodes
(31%), which are associated with worse outcomes.
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