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Abstract
Background and objectives There is conﬂicting evidence comparing peritonitis rates among patients treated
with continuous ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD). This study
aims to clarify the relationship between peritoneal dialysis (PD) modality (APD versus CAPD) and the risk of
developing PD-associated peritonitis.
Design, setting, participants, & measurements This study examined the association between PD modality (APD
versus CAPD) and the risks, microbiology, and clinical outcomes of PD-associated peritonitis in 6959 incident
Australian PD patients between October 1, 2003, and December 31, 2011, using data from the Australia and New
Zealand Dialysis and Transplant Registry. Median follow-up time was 1.9 years.
Results Patients receiving APD were younger (60 versus 64 years) and had fewer comorbidities. There was no
association between PD modality and time to ﬁrst peritonitis episode (adjusted hazard ratio [HR] for APD versus
CAPD, 0.98; 95% conﬁdence interval [95% CI], 0.91 to 1.07; P=0.71). However, there was a lower hazard of
developing Gram-positive peritonitis with APD than CAPD, which reached borderline signiﬁcance (HR, 0.90;
95% CI, 0.80 to 1.00; P=0.05). No statistically signiﬁcant difference was found in the risk of hospitalizations
(odds ratio, 1.12; 95% CI, 0.93 to 1.35; P=0.22), but there was a nonsigniﬁcant higher likelihood of 30-day mortality
(odds ratio, 1.33; 95% CI, 0.93 to 1.88; P=0.11) at the time of the ﬁrst episode of peritonitis for patients receiving
APD. For all peritonitis episodes (including subsequent episodes of peritonitis), APD was associated with
lower rates of culture-negative peritonitis (incidence rate ratio [IRR], 0.81; 95% CI, 0.69 to 0.94; P=0.002) and
higher rates of gram-negative peritonitis (IRR, 1.28; 95% CI, 1.13 to 1.46; P=0.01).
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Conclusions PD modality was not associated with a higher likelihood of developing peritonitis. However, APD
was associated with a borderline reduction in the likelihood of a ﬁrst episode of Gram-positive peritonitis
compared with CAPD, and with lower rates of culture-negative peritonitis and higher rates of Gram-negative
peritonitis. Peritonitis outcomes were comparable between both modalities.
Clin J Am Soc Nephrol 9: 1091–1097, 2014. doi: 10.2215/CJN.09730913

Introduction
Peritonitis is a serious complication of peritoneal
dialysis (PD), and is responsible for signiﬁcant morbidity and mortality. It accounted for 22% of all technique failures, excluding death and transplantation,
in Australian and New Zealand PD patients in 2010
(1), and has been found to be associated with a
higher likelihood of mortality (2). Multiple risk factors for developing peritonitis have been identiﬁed,
but there remains conﬂicting evidence on peritonitis risk between continuous ambulatory peritoneal
dialysis (CAPD) and automated peritoneal dialysis
(APD).
There have been reports of lower (3–6), similar (7–
12), or higher (13,14) peritonitis rates in patients treated with APD compared with CAPD. The available
evidence is predominantly based on observational
studies, with only two small randomized controlled
trials (3,8) and a meta-analysis of these trials (15).
www.cjasn.org Vol 9 June, 2014

These studies are limited by the small sample size
and/or retrospective nature of study design. Some
of these studies used a cycler machine that is no longer available (3). Moreover, the observed peritonitis
rates may have also been variably affected by several
center-speciﬁc and patient-speciﬁc factors (including
medical comorbidities, prior RRT, and unit practices).
Furthermore, these studies were conducted at different time periods, raising the possibility of vintage
bias. The last 2 decades have witnessed a substantial
change in PD practice in terms of connectology, cycler
machines, PD solutions, adequacy targets, and guidelines for prevention and treatment of infections.
Therefore, the results of some of these studies cannot
be generalized to contemporary PD practice.
This study aimed to examine the association between PD modality (APD versus CAPD) and the risks,
microbiology, and clinical outcomes of PD-associated
peritonitis in all Australian PD patients.
Copyright © 2014 by the American Society of Nephrology
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Materials and Methods
Study Population
This study included all incident Australian adult PD
patients who commenced PD between October 1, 2003
(when collection of detailed peritonitis data started), and
December 31, 2011. Follow-up was until the end of 2011.
Data Collection
Deidentiﬁed data were obtained from the Australia and
New Zealand Dialysis and Transplant (ANZDATA) Registry. This registry collects data on all patients receiving
RRT in Australia and New Zealand, and details regarding
its method of collection were previously described (16). The
data collected included demographic data, cause of primary renal disease, comorbidities at the time of commencement of RRT, body mass index (BMI), and, for
Australian patients, microbiology of peritonitis episodes
(up to three organisms for polymicrobial episodes).
APD use was reported by the individual centers and could
be performed either at home, within a satellite dialysis unit
temporarily for either training or an acute medical reason, or
in the hospital during an admission. When reporting baseline
characteristics, we classiﬁed patients according to whether
they ever received APD during the study period. For all
other analyses, PD modality was treated as a time-varying
covariate—patients could change between groups and contribute exposure time with or without peritonitis episodes to
each group.
Peritonitis was reported by the treating centers at the
time of diagnosis. The primary outcome examined was
peritonitis-free survival, based on the time to the ﬁrst
peritonitis event. Additional analyses were performed
according to whether the organisms recovered from dialysate during peritonitis episodes were Gram-positive,
Gram-negative, or culture-negative. Secondary outcomes
included peritonitis-associated hospitalization, catheter removal, temporary hemodialysis transfer (in which patients
subsequently resumed PD), permanent hemodialysis transfer, and mortality. We deﬁned peritonitis-associated mortality as death within 30 days of an episode of peritonitis (2).
Overall peritonitis rates, including subsequent peritonitis episodes, for both APD and CAPD were also determined.
Statistical Analyses
Results were expressed as frequencies and percentages,
means6SD, or medians (25th to 75th percentiles) as appropriate. Differences between groups were analyzed by the
chi-squared test for categorical data, the unpaired t test for
continuous normally distributed data, and the Mann–Whitney test for continuous non-normally distributed data.
Peritonitis-free survival was determined by the Kaplan–
Meier method and by multivariable Cox proportional hazards models, with shared frailty to account for patient
clustering within centers. Each model was adjusted for
age at PD commencement, racial origin, BMI, comorbidities (diabetes mellitus, coronary artery disease, cerebrovascular disease), smoking history, and whether the patient
received any form of RRT before PD. Proportional hazards
assumptions were checked by scaled Schoenfeld residuals,
which were examined graphically as well as by formal
hypothesis testing. For the Gram-positive, Gram-negative,
and culture-negative subanalyses, a peritonitis event was

only recorded if the patient experienced a Gram-positive,
Gram-negative, or culture-negative peritonitis episode, respectively. Infections due to different organisms were censored. Follow-up was censored at renal transplantation,
recovery of renal function, hemodialysis transfer, or death.
Hemodialysis transfer was deﬁned as a transfer from PD
to hemodialysis without return to PD within 30 days. Firstorder interaction terms between the signiﬁcant covariates
were examined where appropriate.
The independent predictors of the clinical outcomes of
peritonitis were determined by multilevel multivariable
logistic regression, according to whether patients were receiving APD or CAPD at the time of peritonitis. In addition
to the variables utilized in the previous model, these analyses were further adjusted for the peritonitis organism
(classiﬁed as culture-negative, Gram-positive, Gram-negative
nonpseudomonal, Gram-negative pseudomonal, fungal,
other, or polymicrobial). A random intercept was included
for each treating center to allow each center to have a different
baseline infection rate.
Finally, a multivariable, three-level mixed-effects Poisson model was utilized to determine the association
between APD and overall peritonitis rate, with random
intercepts for both treating center and individual patients.
Each model was adjusted for the above-described confounders, and an additional term was included to indicate
whether a patient had already had at least one episode of
peritonitis. Data were analyzed using Stata/IC 12.1 software (StataCorp LP, College Station, TX). P values ,0.05
were considered statistically signiﬁcant for both main effects and interactions.

Results
Population Characteristics
A total of 6959 patients commenced PD in Australia
during the study period (October 1, 2003, to December 31,
2011). The baseline characteristics of the patients are shown
in Table 1. Compared with patients who never received
APD, those receiving APD were generally younger with
fewer comorbidities. The use of APD increased with the
increasing duration of PD (Figure 1). Patients who ever
received APD spent a mean of 22% of their PD time receiving CAPD. The median technique survival was 1.9
years (95% conﬁdence interval [95% CI], 1.9 to 2.0 years).
Peritonitis-Free Survival
The analysis of time to ﬁrst peritonitis included 3175
episodes of peritonitis over 8100 patient-years. The unadjusted incidence rates of ﬁrst peritonitis were 0.43
infections per patient-year (95% CI, 0.41 to 0.45) in the
CAPD group and 0.36 infections per patient-year (95% CI,
0.34 to 0.37) in the APD group. The overall median time to
peritonitis was 1.8 years (95% CI, 1.7 to 1.9 years). After
adjusting for confounders, there was no association between PD modality and time to ﬁrst peritonitis episode
(hazard ratio for APD versus CAPD, 0.98; 95% CI, 0.91 to
1.07; P=0.71) (Figure 2, Table 2). The other independent
predictors of increased peritonitis were any RRT modality
before the commencement of PD, race, higher BMI, diabetes
mellitus, cerebrovascular disease, and current or former
cigarette smoking.
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Table 1. Characteristics of patients commencing PD, according to APD exposure

Factor

CAPD Group

APD Group

Patients (n)
RRT before PD
Age at PD start (yr)
Men
Race
Caucasian
Indigenous
Asian
Other
Primary renal disease
GN
Analgesic nephropathy
Polycystic kidney disease
Reﬂux nephropathy
Hypertension
Diabetic nephropathy
Other
Uncertain
BMI (kg/m2)
Smoking at RRT entry
Never
Former
Current
Diabetes
Coronary artery disease
Peripheral vascular disease
Chronic lung disease
Cerebrovascular disease
PET at baseline (4-h dialysate/plasma creatinine)a

2761
992 (35.9)
64.0 (52.0, 73.0)
1508 (54.6)

4198
1603 (38.2)
60.0 (48.0, 70.0)
2506 (59.7)

2066 (74.8)
257 (9.3)
329 (11.9)
109 (3.9)

3219 (76.7)
294 (7.0)
512 (12.2)
173 (4.1)

646 (23.4)
82 (3.0)
164 (5.9)
75 (2.7)
428 (15.5)
963 (34.9)
235 (8.5)
168 (6.1)
26.1 (22.8, 30.1)

1196 (28.5)
82 (2.0)
267 (6.4)
166 (4.0)
569 (13.6)
1306 (31.1)
364 (8.7)
248 (5.9)
26.2 (22.8, 30.0)

1322 (48.0)
1080 (39.2)
352 (12.8)
1234 (44.7)
1114 (40.3)
751 (27.2)
455 (16.5)
444 (16.1)
0.69 (0.14)

2008 (47.9)
1641 (39.2)
539 (12.9)
1716 (40.9)
1531 (36.5)
942 (22.4)
607 (14.5)
561 (13.4)
0.69 (0.14)

P Value
0.06
,0.001
,0.001
0.01

,0.001

0.95
0.99

0.002
0.001
,0.001
0.02
0.002
0.29

Data are presented as n (%) or median (interquartile range). The CAPD group never received APD, whereas the APD group received
APD at least once. APD, automated peritoneal dialysis; BMI, body mass index; CAPD, continuous ambulatory peritoneal dialysis; PD,
peritoneal dialysis; PET, peritoneal equilibrium test.
a
Missing in 29% of cohort. All other values missing in ,1%.

Figure 1. | APD use over time: the proportion of incident Australian PD patients using APD according to time spent on PD during the period
from 2003 to 2011. APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; PD, peritoneal dialysis.
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Figure 2. | Association between APD (versus CAPD) and peritonitis-associated outcomes in incident Australian PD patients during the
period from 2003 to 2011. All estimates are adjusted for previous RRT before PD, age, race, body mass index, diabetes mellitus, coronary artery
disease, cigarette smoking, and cerebrovascular disease. Outcome of first infection also adjusted for organism. 95% CI, 95% confidence
interval; HD, hemodialysis; HR, hazard ratio; IRR, incidence rate ratio; OR, odds ratio.

Table 2. Results of multivariable Cox proportional hazards
model analyses for time to first episode of peritonitis in all
patients commencing PD in Australia between 2003 and 2011

Factor

HR

95% CI

P
Value

APD
RRT before PD
Age at PD start
Race
Caucasian
Indigenous
Asian
Other
BMI (kg/m2)
Diabetes
Coronary artery
disease
Smoking at RRT
entry
Never
Former
Current
Cerebrovascular
disease

0.98
1.16
1.00

0.91 to 1.07
1.07 to 1.25
1.00 to 1.00

0.71
,0.001
0.24

1a
1.67
0.88
1.08
1.01
1.09
1.07

1.45 to 1.92
0.78 to 0.99
0.91 to 1.29
1.01 to 1.02
1.07 to 1.18
0.99 to 1.16

,0.001
0.04
0.38
,0.001
0.03
0.11

1a
1.12
1.12
1.14

1.04 to 1.21
1.01 to 1.26
1.03 to 1.27

0.004
0.04
0.01

95% CI, 95% conﬁdence interval; HR, hazard ratio.
a
Reference group.

Microbiology of First Peritonitis Episodes
The risks of developing a ﬁrst peritonitis episode categorized by the microorganism isolated from dialysate cultures are summarized in Figure 2. There was a lower hazard
of developing Gram-positive peritonitis with APD than
CAPD that reached borderline signiﬁcance (hazard ratio,
0.90; 95% CI, 0.80 to 1.00; P=0.05).

Outcomes of Peritonitis Episodes
Clinical outcomes were comparable between patients
receiving CAPD or APD at the time of peritonitis (Figure 2).
However, there was a nonsigniﬁcant higher likelihood of
30-day mortality in patients on APD who developed peritonitis (odds ratio, 1.33; 95% CI, 0.93 to 1.88; P=0.11). There
was also a nonsigniﬁcant higher likelihood of hospitalization in patients on APD (odds ratio, 1.12; 95% CI, 0.93 to
1.35; P=0.22).
All Peritonitis Episodes
When all peritonitis episodes were included, the unadjusted peritonitis rates were 0.58 infections per patientyear (95% CI, 0.56 to 0.60) in the CAPD group and 0.52
infections per patient-year (95% CI, 0.50 to 0.54) in the APD
group. After adjusting for confounders, the risk of developing peritonitis was not different between the two PD
modalities (Figure 2). However, APD was associated with
lower rates of culture-negative peritonitis (incidence rate
ratio, 0.81; 95% CI, 0.69 to 0.94; P=0.002) and higher rates
of Gram-negative peritonitis (incidence rate ratio, 1.28;
95% CI, 1.13 to 1.46; P=0.01).

Discussion
This large multicenter registry study demonstrated
that PD modality was not associated with a patient’s
overall risk of developing peritonitis. However, we
found that APD was associated with a lower risk of culture-negative peritonitis, which was balanced by an increased risk of Gram-negative peritonitis compared with
CAPD. When only the ﬁrst peritonitis episodes were analyzed, APD was not associated with overall peritonitis
risk but was associated with a lower risk of Gram-positive peritonitis. At the same time, the clinical outcomes
of peritonitis were comparable between both patient
groups.
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The overall ﬁnding of our analysis is in agreement with a
number of other observational studies (7,9–12) and one
randomized control trial (8), which reported comparable
peritonitis rates between CAPD and APD. Two of the observational studies were also registry-based analyses from
Canada (11) and Scotland (12). Each consisted of a smaller
cohort of patients compared with our analysis, and each
was performed almost a decade ago. The randomized trial
reporting no association between PD modality and peritonitis was performed in three Danish dialysis units .10
years ago, and was limited by its small sample size (8).
The study involved only 13 CAPD and 12 APD patients,
and was limited by a low event rate (only three peritonitis
events in total) (8).
By contrast, two other observational studies showed
higher rates of peritonitis in APD (13,14). Golper et al. compared 866 CAPD patients with 213 APD patients, and
found that the peritonitis-free interval was inferior in the
APD patients (14.9 versus 20.2 months), such that the relative risk for peritonitis was 28% higher in APD patients
(13). Similarly, in a retrospective study of the US Renal
Data System, Oo et al. found that CAPD patients had a
lower risk of peritonitis (relative risk, 0.94; 95% CI, 0.88
to 0.99) compared with APD patients (14). Unfortunately,
this study only examined the time to ﬁrst peritonitis after 9
months of PD had been completed. This is a clear limitation of the analysis and would have resulted in signiﬁcant
survivor bias. This study was also performed over a decade ago, limiting its applicability to current practice.
Several other studies have demonstrated lower peritonitis rates in association with APD therapy. A randomized
controlled trial by de Fijter et al. found that APD was associated with lower rates of peritonitis than CAPD (0.51
versus 0.94 episodes per patient-year; P=0.03) (3). However,
this trial was limited by its small sample size and short duration. A meta-analysis performed by Rabindranath et al.
concluded that APD reduced peritonitis rates compared
with CAPD (rate ratio, 0.54; 95% CI, 0.35 to 0.83) (15). However, this analysis was limited by both the number of available trials and patients (139 patients from three randomized
controlled trials). Several other single-center, observational
cohort studies have demonstrated reduced peritonitis rates
with APD (4–6).
The apparent disparity in peritonitis rates according to
PD modality between the previously mentioned studies
and our study may be explained by the fact that many of
the previously mentioned studies involved small patient
numbers, had low peritonitis event rates, were conducted
at different time periods, and utilized different cycler connection methodologies from study to study. As a result, the
majority of these studies would have been confounded by
both center-speciﬁc factors (e.g., patient training, center
size, and regular auditing of infection rates) and patientspeciﬁc factors (e.g., compliance, age, diabetic status, connection systems used, and previous peritonitis episodes).
Our study overcomes these limitations by including all PD
patients within Australia, resulting in both a large patient
population and a large number of events. However, we
did ﬁnd that in our patient cohort, patients receiving
APD were younger (60 versus 64 years) and had slightly
fewer comorbidities (Table 1). It is also important to note
that the majority of the above-discussed studies were
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performed over a decade ago. By contrast, our study
was restricted to 2003–2011, meaning that our results remain relevant to current clinical practice.
The decision for choosing a PD modality for individual
patients in Australia is currently based on the Caring for
Australasians with Renal Insufﬁciency guidelines and is
dominated by lifestyle considerations. Although there may
have initially been a preference for commencing patients
more prone to infections on APD, the International Society
of Peritoneal Dialysis (ISPD) Peritonitis Guidelines have
acknowledged that there is conﬂicting evidence as to the
rates of peritonitis in APD and CAPD (17). The available
evidence, updated with our ﬁndings, indicates that the PD
modality does not affect the overall risk of peritonitis.
However, the risk of developing peritonitis due to a
Gram-positive organism appears to be higher with
CAPD, whereas the risk of developing Gram-negative
peritonitis is lower in these patients. The higher likelihood
of Gram-positive peritonitis has also been reported by
other investigators (4,7,10) and may be related to the
greater number of daily connections required in CAPD
versus APD, thereby increasing the likelihood of contamination with Gram-positive skin micro-organisms. Because
ANZDATA does not collect any data on PD exit-site care,
exit-site management may have differed between treating
units in our study, potentially altering the risk of infections
secondary to skin-based bacteria. However, exit-site care
of patients on APD and CAPD within the same unit are
not likely to have been different. The explanation for the
observed lower risk of Gram-negative peritonitis in patients receiving CAPD compared with those receiving
APD is uncertain. Although indigenous racial origin was
more common in patients receiving APD and was previously identiﬁed by our group as a key independent risk
factor for Pseudomonas peritonitis (18), race was adjusted
for in the multivariable analysis.
With regard to other risk factors identiﬁed for the
development of peritonitis, our study ﬁndings were consistent with a number of previous studies. For instance, our
study conﬁrmed the previous ﬁnding that the Australian
indigenous population was at a higher risk of developing
peritonitis (19). This study also conﬁrmed the ﬁndings that
an increased BMI at the time of PD commencement (20,21),
the requirement for hemodialysis before commencing PD
(11), diabetes mellitus (14,22,23), and cigarette smoking
(24) all increase the likelihood of developing peritonitis.
The fact that patients who transferred to PD from hemodialysis do poorly was also evident in a study performed
by McDonald et al., who found that patients who changed
from PD to hemodialysis had a higher mortality rate compared with those who commenced PD from the start (25).
Additional risk factors that were identiﬁed but were not
able to be measured in our model included socioeconomic
status (26) and level of education (27).
The other important ﬁnding of this study is that there
was a nonsigniﬁcant higher likelihood of both hospitalization and mortality in patients undergoing APD, a ﬁnding
that may be of clinical signiﬁcance. There was no statistical
difference found in regard to hospitalization, and all other
outcomes, including catheter removal and temporary or
permanent transfer to hemodialysis, were comparable
between the two modalities. These results can be compared
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with a single-center study performed by Rüger et al.,
which found no difference between CAPD and APD patients during treatment of 508 episodes of PD-related
peritonitis in 205 patients with respect to the outcomes
of relapse, mortality, or the combined end point of mortality plus catheter removal (28). There are a number of
possible explanations for our ﬁndings. First, APD patients are less likely to observe the initial changes in their
PD ﬂuid at the time of peritonitis, because the majority
of these patients are exchanging at night. Second, we
found that APD patients were more likely to develop a
Gram-negative infection as opposed to a Gram-positive
infection. Previous studies demonstrated that Gram-negative peritonitis is associated with worse outcomes compared with Gram-positive infections, including higher
rates of mortality (29) and technique failure (29,30). Another explanation may be related to a concern raised in
the ISPD guidelines that the rapid exchanges in APD
may lead to inadequate time to achieve satisfactory intraperitoneal levels of antibiotics, resulting in suboptimal peritonitis outcomes (31). Anecdotally, it appears
to be common practice for patients to change modality
to CAPD while being treated for peritonitis, although there
is no means of assessing how commonly this occurs with our
data.
The strengths of this study include its large sample size
and inclusiveness. We included all incident PD patients
during the study period, such that all centers providing PD
service in Australia were included. Because there are
substantial variations in the prevention, diagnosis, treatment, and auditing of peritonitis in Australian PD centers
(32), the multicenter design of this study greatly enhanced
the external validity of our results. In addition to centerspeciﬁc factors, we corrected for several patient-speciﬁc
risk factors in the multivariable analysis. These strengths
should be balanced against the study’s limitations, which
included limited depth of data collection. ANZDATA
does not collect information such as the presence of concomitant exit-site and tunnel infections, patient compliance,
socioeconomic status, severity of comorbidities, dialysate
collection techniques or culture methods, and antibiotic
dosages or routes of administration. Although we adjusted for a large number of patient characteristics, the
possibility of residual confounding could not be excluded.
Similar to other registries, ANZDATA is a voluntary
registry and there is no external audit of data accuracy,
including the diagnosis of peritonitis. Consequently, the
possibility of coding/classiﬁcation bias cannot be excluded. Finally, because this is an observational study,
we are only able to demonstrate association and not
causation.
In conclusion, this is the largest and most deﬁnitive study
to examine the relationship between PD modality and
peritonitis; in doing so, we found that PD modality was not
associated with overall peritonitis risk. Future research
should focus on other aspects of PD technique in order to
improve peritonitis rates.
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