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Abstract
Peritonitis is a major problem for patients with end-stage kidney disease undergoing peritoneal dialysis (PD). It is the 

main cause of failure of PD. Two different PD delivery systems are used across Australia although there is inconsistent 

evidence comparing the systems. The aim of this retrospective audit is to compare the rates and risk of peritonitis in a 

cohort of incident patients using two PD delivery systems.

All consecutive patients starting PD between 1 August 2010 and 31 March 2012 were included and followed until 30 

June 2013. Data relating to accepted risk factors for peritonitis were collected and analysed. There were 50 patients 

(26 men; 24 women) aged between 30 and 87 years. There were 29 episodes of peritonitis in 17 patients. Rates of 

peritonitis were 1 episode per 69.19 patient-months compared with 1 episode per 18.67 patient-months. Mean times 

to first episode of peritonitis were 13.11 months compared to 7.13 months. The relative risk of PD-related peritonitis 

was twice as high (RR = 2.04, 95% CI = 0.85 to 4.94) for patients using the one system (44.4%) compared to a 

second system (21.7%). Since this is not a randomised trial no firm conclusions can be drawn. Centres should also 

monitor peritonitis rates for each system.
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Introduction
Peritonitis is a major problem for patients with end-stage 

kidney disease undergoing peritoneal dialysis (PD). It is the 

main cause of failure of PD and why patients are transferred 

to haemodialysis (Bender, Bernadini & Piraino, 2006). PD-

related peritonitis typically occurs due to touch contamination 

by the patient as they connect or disconnect their catheter 

with the PD delivery system (Dong & Chen, 2010). Risk 

factors for developing PD-related peritonitis include age, 

gender, co-morbidities, level of education, dexterity, and visual 

acuity (Kerschbaum, Konig & Rudnicki, 2012; Kotsanas, 

Polkinghorne, Korman, Atkins & Brown, 2007). Catheter 

design, implantation technique and connection methodology 

also modulate the risk of peritonitis (Kotsanas et al., 2007).

There are two suppliers of PD delivery systems (both 

manual, CAPD and automated, APD) across Australia 
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which use a different connection device and technique. 

The Baxter (CAPD: Freeline Solo® or APD: Homechoice®) 

system is connected to the PD catheter using lines which 

the patient must manipulate using non-touch technique 

on a clean surface. In contrast, the Fresenius (CAPD: Stay 

Safe® or APD: Sleepsafe®) system is connected to the PD 

catheter via an enclosed disc which is placed in a dedicated 

organiser that securely holds the patient and bag lines. A 

pin is inserted into the patient line prior to disconnection, 

which protects the line from accidental contamination 

during disconnection. The Fresenius system is reported to 

be easier to handle and frequently the preferred system for 

older, vision-impaired or less dextrous patients (Li et al., 

2002; Wong et al., 2006). The connection systems remain 

the same regardless of whether the patient is receiving 

CAPD or APD; however, the number of connections required 

is lower in APD (typically one per day versus four per day for 

CAPD). Beyond the use of disconnect systems and flushing 

with dialysate before filling, clinical practice guidelines make 

no specific recommendations about which PD system 

connection method is superior, based on peritonitis rates (Li 

et al., 2002).

There has been one previous study in Australia which 

compared peritonitis rates between the original single-bag 

system versus the (new) twin-bag system (Harris et al., 1997). 

This study found fewer episodes of peritonitis occurred when 

twin-bags are used for CAPD. While the single-bag system is 

no longer used, there have also been modifications to the PD 

bag connection since this study was conducted. The current 

evidence comparing the different contemporary connection 

systems used in Australia (Baxter and Fresenius systems) is 

inconsistent (Li et al., 2002; Wong et al., 2006). Our clinical 

observation was that peritonitis rates differed substantially 

between the two PD systems used in our unit, regardless 

of whether it was CAPD and APD. We therefore sought to 

compare the rates and risk of peritonitis in a cohort of incident 

patients using either the Baxter or Fresenius PD delivery 

systems.

Methods
A systematic and robust clinical audit is a powerful tool for 

achieving and maintaining high standards of clinical practice 

as it enables clinical teams to assess the quality of routine 

care. According to the National Institute for Health and Clinical 

Excellence (NICE, 2002, p. 2) a clinical audit is “a quality 

improvement process that seeks to improve patient care and 

outcomes through systematic review of care against explicit 

criteria and the implementation of change ... Where indicated, 

changes are implemented at an individual, team, or service 

level and further monitoring is used to confirm improvement in 

healthcare delivery.”

Much of renal nursing practice over time becomes habitual 

and the heavy workload within renal units provides scant 

opportunity for nurses to question practice and reflect upon 

the value, safety and quality of patient care activities. There 

are, however, a number of clinical indicators which are used 

to identify practice patterns, engage and support clinicians 

in improving the quality of local renal care (van der Veer, van 

Bissen, Couchard, Thomson & Jager, 2014). The method 

we used for our clinical audit was modified from the National 

Institute for Clinical Excellence — Principles for Best Practice in 

Clinical Audit (NICE, 2002) and involved the following steps: i) 

identifying a specific specialist nursing intervention; ii) locating 

current evidence related to this practice; iii) developing a 

process to guide collection and analysis of data; iv) using the 

audit results to implement change, confirm current practice 

or consider further research; and v) sustaining improvements 

through continuous auditing.

The audit was conducted at the PD home-therapies unit of the 

Royal Brisbane and Women’s Hospital through a retrospective 

review of clinical records. All consecutive, new, continuous 

ambulatory PD patients between 1 August 2010 and 31 March 

2012 were included and followed until 30 June 2013. Standard 

clinical practice at this time involved alternating allocation of 

patients to one of the two systems. There were no patient-

related, medical or nursing contraindications to using either 

system in this sample.

Data was extracted from a detailed patient medical record 

review involving three components. Firstly, patient-related 

data collected was age, gender, ethnicity (categorised as 

Aboriginal and Torres Strait Islander [ATSI] or Non-ATSI), 

smoking status, cause of renal failure, residual renal function, 

co-morbid conditions, and serum albumin (at commencement 

of PD, and 12 and 24 months later). Secondly, nursing 

assessment information extracted was visual acuity, dexterity, 

and mobility. Lastly, PD-specific data extracted was system 

type (Baxter or Fresenius), length of time on PD, type of PD 

regimen (CAPD or APD), membrane type, dialysis adequacy, 

number of episodes of peritonitis, number of episodes of exit-

site infection, type and number of PD complications (leaks, 

hernia, blockage), and reasons for leaving PD. One of the 

authors collected all of the data. In our unit, peritonitis and 

exit site infection are defined according to the International 

Society of Peritoneal Dialysis (Li et al., 2010). The Human 

Research Ethics Committee of the Royal Brisbane and 

Women’s Hospital viewed this study as a clinical audit and 

waived the need for ethical approval.

Data analysis
Data were entered into SPSS and descriptive statistics 

reported for the sample and rates of PD-related peritonitis. The 
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primary outcome of the audit was the presence or absence 

of PD-related peritonitis over the data-collection period. 

Predictors of peritonitis, relative risk (RR) and 95% confidence 

intervals (95% CI) were calculated. Finally, to compare PD 

delivery systems after adjusting for potential confounders, 

we fitted a logistic regression model following a purposeful 

selection of variables (Hosmer, Lemeshow & Sturdivant, 2013). 

A p value < .05 was considered statistically significant.

Results
The final sample included 50 participants; 23 were allocated 

to Baxter and 27 to Fresenius systems. Most were Caucasian 

(74%), unemployed (82%) and non-smokers (52%). Cause 

of renal failure included: diabetes (32%), IgA nephropathy 

(12%), and hypertension (8%), other (48% — polycystic kidney 

disease, reflux nephropathy, glomerulonephropathy, unknown). 

All 50 patients were living independently and two patients were 

assisted with their PD by a spouse. There were no nursing 

home patients at the time of this audit. In regard to nursing 

assessment, only a minority had clinically significant vision 

(8), dexterity (2), or mobility (3) impairments. Automated PD 

was used by 54% (n=27). Peritoneal membrane types were 

high (10), high average (26), low average (11), and missing 

data (3). Reasons for leaving PD included transplant (8), 

transfer to a different unit (7), palliation or death (7), transfer to 

haemodialysis (5), peritonitis (4), or regained renal function (2). 

Table 1 summarises demographic characteristics by the PD 

delivery system.

Between 1 August 2010 and 30 June 2013, 29 episodes 

of peritonitis occurred in 17 patients, including 17 first 

peritonitis episodes and 12 subsequent peritonitis episodes 

(including 6 second episodes, 4 third episodes, and 2 fourth 

episodes). Mean time to first episode was 8.9 ± 8.1 months, 

and 6 patients developed peritonitis within one month of 

starting PD. Cultured organisms included Staphylococcus 

(9), Streptococcus (4), Enterococcus/Enterobacter (2), 

Escherichia coli (2), and single cases of Acinetobacter, Bacillus, 

Corynebacterium, Klebsiella, and fungal infection. Touch 

contamination was the clinically determined cause in 17 cases 

and an exit site infection in one patient.

Rates of PD-related peritonitis were 1 episode per 69.19 

patient-months (Baxter) compared with 1 episode per 18.21 

patient-months (Fresenius). Mean times to first episode of 

peritonitis were 13.11 months and 7.13 months for Baxter and 

Fresenius systems respectively.

When we examined bivariate associations between patients’ 

demographic and clinical characteristics and PD-related 

peritonitis, only ATSI ethnicity was significant (see Table 

2). Although non-significant, the relative risk of PD-related 

peritonitis was twice as high (RR=2.04, 95% CI=0.85 to 4.94) 

for patients using the Fresenius system (44.4%) as for those 

using the Baxter system (21.7%). After adjusting for age and 

duration of PD, using the Fresenius system was significantly 

associated with developing PD-related peritonitis (adjusted 

OR=6.85, 95% CI=1.20 to 39.23, p= .03).

Discussion
This audit found an increased risk of peritonitis with Fresenius 

compared to the Baxter. It is surprising that only two previous 

studies have compared peritonitis rates between differing PD 

connection systems. Li et al. (2002) did not find any significant 

difference in peritonitis rates between Stay-Safe (Fresenius 

Deutschland GmbH2) and UltraBag® (Baxter, Deerfield, IL) 

systems in a study involving 110 patients. Wong et al. (2006) 

compared the twin-bag systems ANDY-Disc® (Fresenius 

Medical Care, Bad Homburg, Germany) with UltraBag® (Baxter, 

Deerfield, IL) in 270 patients on CAPD. In their study, there 

was a trend towards greater risk of peritonitis with ANDY-

Disc® (22.9 patient-months/episode) compared to UltraBag® 

(35.0 patient-months/episode), but it did not reach statistical 

significance. However, both of these studies involved slightly 

different systems than those currently used in Australia, and 

neither included APD.

The results of this clinical audit also raise interesting questions 

about the potential mechanisms that may account for this 

Table 1: Sample characteristics by PD delivery system (n=50)

Characteristics Baxter (n=23) Fresenius (n=27)
Age (years)† 53.22±13.71 69.07±11.70*

Gender (Male:Female) 15:8 11:16

Ethnicity (ATSI:Non-ATSI) 3:20 3:24*

BMI (kg/m²)† 28.54±6.96 28.27±5.41

Co-morbid (count) † 1.78±1.24 2.19±0.92

Duration on PD (months) † 14.98±8.03 15.92±8.97

*p<0.05, †mean±SD
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Table 2: Associations between risk factors and peritoneal dialysis-related peritonitis (n=50)

Possible risk factor Peritonitis
(n, %)

Relative risk
(95% CI)

p
value

Adjusted OR
(95% CI)

p
value

Gender 1.32 (0.60, 2.91) .49 –

Male 10 (38.5)

Female 7 (29.2)

Age 1.03 (0.47, 2.27) .93 1.05 (0.99, 1.11) .10

≥ 60 10 (34.5)

< 60 7 (33.3)

Ethnicity 4.00 (2.40, 6.67) < .001 –

ATSI† 6 (100.0)

Non-ATSI 11 (25.0)

Employment status 3.51 (0.53, 23.18) .11 –

Unemployed 16 (39.0)

Employed 1 (11.1)

BMI 1.06 (0.32, 3.73) .89 –

≥ 30 6 (35.3)

< 30 11 (33.3)

Comorbidities 2.40 (0.80, 7.23) .08 –

≥ 2 14 (42.4)

< 2 3 (17.6)

Cause of CKD 1.49 (0.70, 3.19) .32 –

Diabetes 7 (43.8)

Other 10 (29.4)

Vision problem 0.82 (0.24, 2.83) .74 –

Yes 2 (28.6)

No 15 (34.9)

Type of PD system 2.04 (0.85, 4.94) .09 6.85 (1.20, 39.23) .03

Fresenius 12 (44.4)

Baxter 5 (21.7)

Type of PD therapy 1.68 (0.76, 3.69) .19 –

CAPD 10 (43.5)

APD 7 (25.9)

Duration on PD (months) 1.83 (0.70, 4.78) .19 0.94 (0.87, 1.02) .12

≥ 12 13 (40.6)

< 12 4 (22.2)

† Aboriginal or Torres Strait Islander

A clinical audit to compare peritonitis rates between peritoneal dialysis delivery systems



72          Renal Society of Australasia Journal   I   Vol 11   I   No. 2   I   July 2015 

clinically important trend in peritonitis rates. While the analysis 

controlled for patient age and length of time on PD, it cannot 

exclude patient technique failure, home environment, or 

re-education of technique as possible confounders in these 

results. In our audit it was not possible to measure these 

variables because PD nursing notes in patient medical records 

were not consistent. It is worth noting that only patients using 

the Fresenius system had repeated episodes of peritonitis. 

Those using the Baxter system only had single episodes. 

This may be caused by patient-related factors which we were 

unable to capture in this audit.

Conclusion
We used a retrospective audit design to analyse one renal 

unit’s PD patient cohort rates of peritonitis, and although our 

findings are tentative given the small sample size, we did 

follow patients for up to 24 months after commencement of 

PD. Given these limitations, there was a clinically significant 

trend towards a greater risk of peritonitis with the Fresenius 

connection method which warrants further investigation using 

an adequately powered, multicentre, randomised, controlled 

trial to compare the peritonitis rate and risk factors in patients 

using different PD delivery systems. Such a robust study would 

provide evidence to support clinical practice. Until such a study 

is completed, renal units should monitor peritonitis rates for 

each system separately as routine part of quality control and 

performance indicators measures. It is also important that 

PD nurses have an active role in monitoring, interpreting and 

acting on peritonitis rates. Clinical audit results when robustly 

analysed should be used to critically evaluate practices and 

subsequently used to inform practice change.
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