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AbSTRACT

Background: Peritonitis in peritoneal dialysis (PD) patients may lead to technique 
failure and contributes to infection-related mortality. Therefore, prevention and 
optimizing treatment are important in the care for PD patients. In this study we 
analyse the incidence of peritonitis, causative pathogens, clinical outcome and trends 
in relation to three major treatment changes that occurred from 1979 onwards: the 
use of a disconnect system since 1988, daily mupirocin at the exit-site since 2001 and 
the exclusive use of biocompatible dialysis solutions since 2004.
Methods: In this analysis of prospectively collected data, peritonitis episodes were 
included from the start of PD in our centre in August 1979 until July 2010. Four groups 
of incident PD patients were made. Group 1: 182 patients with 148 first peritonitis 
episodes which occurred between 1979 and 1987, before the introduction of the 
disconnect system. Group 2: 352 patients with 239 first episodes of peritonitis 
between 1988 and 2000, i.e. before the implementation of daily mupirocin application 
on the catheter exit-site. Group 3: 79 patients, 50 first peritonitis episodes between 
2001 and 2003, before the switch to biocompatible solutions. Group 4: 118 patients, 
91 first peritonitis episodes after 2004. Cephradine was used as initial antibiotic 
treatment.
Results: In 32 years, 731 adult patients started PD and a total of 2234 episodes 
of peritonitis were diagnosed and treated. 88% of these were cured with medical 
treatment only, 10% resulted in catheter removal and in 3% the patient died during 
peritonitis. Median time to the first peritonitis episode increased from 40 days for 
group 1, 150 for group 2, 269 for group 3, to 274 for group 4. Overall peritonitis rates, 
Gram-positive peritonitis and Gram-negative peritonitis rates, showed a decreasing 
time-trend. However, antibiotic treatment duration increased in time, with the 
longest duration of treatment in group 3 and 4. This was accompanied by a higher 
percentage of an antibiotic switch. Increased resistance to cephradine was found for 
coagulase-negative Staphylococcus. 
Conclusions: Peritonitis rates decreased significantly over the years, because of several 
changes in PD treatment. However, the necessity to change our initial antibiotic 
increased due to diminished antibiotic susceptibility rates in time. Nevertheless, the 
cure rate was high and remained stable during the whole period analysed and the 
death rate remained low, consequently peritonitis is a manageable complication of 
PD, that cannot be considered a contraindication to this mode of renal replacement 
therapy.
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INTRODuCTION

Chronic peritoneal dialysis treatment without the occurrence of peritonitis is 
impossible. Although the majority of cases follow a rather benign course with 
appropriate antibiotic treatment, some episodes are complicated by hospitalization 
and temporary or permanent loss of the PD catheter. Severe and long-lasting 
peritonitis can probably lead to peritoneal membrane failure and hence the need 
to discontinue PD and switch to hemodialysis. In a recent study in 709 incident PD 
patients participating in the Netherlands Cooperative Study on Adequacy of Dialysis 
(NECOSAD), infections were the reason to switch to hemodialysis in 10-18% of them 
in the first three years of PD, depending on the duration of treatment (1). Moreover, 
peritonitis contributes to a significant portion of infectious-related mortality in PD 
patients (2). Therefore, preventing peritonitis and optimizing peritonitis treatment 
are important aims in the care for PD patients. 
 In 1979 chronic PD was started as a renal replacement therapy in our 
centre. In the years thereafter three important treatment changes were realized. 
First, we switched to disconnect systems in 1988 (Twinbag), second the application 
of mupirocin at the exit-site of the catheter was implemented in 2001, and thirdly 
biocompatible dialysis solutions were used in all patients since 2004. Since 1979 731 
adult patients were started on PD and a total of 2234 episodes of peritonitis were 
diagnosed and treated. The aims of present analyses in this cohort were to analyse 
the incidence of peritonitis, the causative pathogens, the clinical outcome and trends 
in the above findings in relation to the three major treatment changes. 

PATIENTS AND METhODS 

Patients

From 1979 to July 2010 all patients aged 18 years and older who were treated with 
PD in the Academic Medical Centre, were included in the study. From the day PD 
was started, all peritonitis data were collected prospectively in a large database. The 
data include patient characteristics, start and duration of every peritonitis episode, 
causative organisms, dialysate leucocyte counts, type and duration of antibiotic 
treatment, antibiotic resistance and outcome of peritonitis, which could be cure, 
change of PD catheter, transfer to hemodialysis or death. The time of the start of PD 
to the first episode of peritonitis in months was computed. Primary kidney disease 
was classified into 9 main categories according to the codes of the European Renal 
Association – European Dialysis and Transplantation Association. Patients with two 
or more pathogens isolated from the cultures in a peritonitis episode are considered 
as polymicrobial peritonitis. A relapse of peritonitis was defined when the same 
organism or a culture-negative peritonitis episode was identified within 4 weeks of 
completing appropriate antibiotic therapy for the previous peritonitis episode. 
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Peritonitis diagnosis and treatment protocol

In patients with cloudy fluid and/or abdominal pain and/or fever, a sample of 
dialysate effluent was obtained for a cell count with differential, Gram stain and 
culture. Peritonitis was defined as the presence of two out of three criteria namely, 
clinical symptoms, effluent cell count > 100 cells/μL and a positive culture. These 
criteria were developed by Vas (3) and confirmed in the current guidelines of the 
International Society of Peritoneal Dialysis (ISPD) (4). Except for the first count after 
presentation, all cell counts were performed in peritoneal effluent after the long 
dwell. The patients who were not admitted to the hospital, were instructed to bring 
the first clear night bag to the outpatient clinic. Initial treatment consisted of a first 
generation cephalosporin which was combined with gentamycin when the patient 
was clinically ill and needed hospitalisation. Cephradine was the first generation 
cephalosporin that was used. It was replaced by cephalothin after cephradine had 
been taken from the market in 2008. When hypersensitivity reactions occurred, 
vancomycin was given. Antibiotic treatment thereafter could be adjusted according 
to the antibiotic resistance of the causative organism. Treatment duration was for 
one week after cultures had become negative and the cell counts were < 100 cells/
μL. The protocol was published in 1985 and has not been changed thereafter (5).

Statistical analysis

To analyse possible associations between categorical data, the chi-square test was 
applied. For continuous variables the Kruskal-Wallis or Mann-Whitney test was used. 
Results are expressed by mean values and standard deviations or by median values 
and ranges. To analyse the clinical outcome and incidence of peritonitis in relation 
to the three major changes in PD treatment, 4 groups of incident PD patients were 
formed. Group 1 consisted of 182 patients who started PD between 1979 and 1987, 
so before the introduction of disconnect systems. These 182 patients experienced 
148 first peritonitis episodes. Group 2 comprised 352 PD patients who started PD 
between 1988 and 2000, i.e. before the implementation of daily mupirocin on the 
catheter exit-site. They underwent a total of 239 first peritonitis episodes. Group 3 
contained 79 patients who started PD  between 2001 and 2003, before the switch to 
the solely use of biocompatible solutions; with 50 first peritonitis episodes. Group 4 
consisted of the remaining 118 patients who started PD  after 2004 and had 91 first 
peritonitis episodes. The Jonckheere Trend Test was used for analysis of linear trends 
in time for peritonitis incidence. A Kendall’s tau test was employed to calculate the 
correlation coefficient. All statistical analyses were performed using SPSS version 
19.0 for Windows. A p value less than 0.05 was considered significant.
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RESuLTS

General

Between August 1979 and July 2010 731 patients of 18 years and older started 
treatment with PD. Median age at the start of PD was 52 years (range: 18-87) 
with 57% males. Diabetic nephropathy was the cause of renal failure in 22% of the 
patients. Further details are given in Table 1. Death was the reason for discontinuation 
of PD in 38% of the patients, followed by switch to hemodialysis (29%) and renal 
transplantation (28%). In 3% it was possible to stop PD because of reoccurrence 
of kidney function, and in 3% the patient was transferred to another hospital and 
lost to follow-up. Causes of death were classified as cardiovascular (29%), infectious 
complications (22%), treatment refusal (11%) and unidentified causes (35%), when 
the patient died suddenly at home, probably from cardio- or cerebrovascular causes. 

Table 1. Demographic and baseline clinical characteristics of all incident PD patients 
and of the 4 groups based on changes in PD treatment.

Single bag

Group 1

Twinbag

Group 2

Twinbag + 
Mupirocin

Group 3

Twinbag + 
Mupirocin + 

Biocompatible
Group 4

Total

Time period 1979-1987 1988-2000 2001-2003 2004-2010 1979-2010
Number of patients 182 352 79 118 731
Sex (M:F) 96 : 86 213 : 139 43 : 36 67 : 51 419 : 312
Mean age (yrs) at start PD 49 ± 15 52 ± 16 53 ± 17 54 ± 17 52 ± 16*
Cause of ESRD (%)
  Glomerulonephritis 26 16 11 12 17*
  Interstitial nephritis, including  
  pyelonephritis, drug induced 
  nephropathy and urolithiasis

19 10 10 3 11*

  Cystic kidney disease 6 7 5 7 7
  Other congenital and hereditary 
  kidney diseases

1 1 6 3 2*

  Renal vascular disease 8 19 17 21 16*
  Diabetic nephropathy 21 23 18 21 22
  Other multisystem diseases 9 9 11 12 10
  Others/Unknown 11 14 22 21 15*
Treatment modality (APD:CAPD) 1 : 181 19 : 332 25 : 54 52 : 21 105 : 625*

*p<0.05 in analysis of variance
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Peritonitis incidence and outcome 

No peritonitis occurred in 203 of the 731 patients (28%). The remaining 528 patients 
experienced in total 2234 peritonitis episodes. Median time from start of PD to the 
first episode of peritonitis was 128 days (0-3450). Relapsing peritonitis occurred in 
301 of the 2234 episodes (13%), of the remaining 1933 peritonitis episodes, 71% 
contained a single organism on culture, 21% was polymicrobial and 9% was culture-
negative. The peritonitis rate declined from 4.4 episodes/patientyear in 1979 to 1.4 
episodes/year in 1989, one year after the introduction of the Twinbag system. After 
that it decreased to 0.95 episodes/year of PD in 2010, as shown in Figure 1. Most of 
the peritonitis episodes (88%) were cured by antibiotic treatment. Catheter removal 
was required in 10% of the peritonitis episodes. In 3% the patient died during 
peritonitis. Analysis of the cause of death in them showed that 46% (30) died due to 
peritonitis, and 6% (4) died because of other infections. Death due to cardiovascular 
causes during peritonitis occurred in 33% (22) of the patients. 

Figure 1. Peritonitis incidence per year.
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Causative pathogens

Table 2 shows the distribution of causative pathogens of all peritonitis episodes. Most 
of the peritonitis episodes were caused by Gram-positive organisms (57%). Most 
often CNS was cultured in 30%, followed by S. aureus, Streptococcus species and 
Enterococcus species. In 11% of all peritonitis episodes Gram-negative organisms like 
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Pseudomonas species, E. coli and other Gram-negative organisms were found. Fungi 
were the cause of peritonitis in 1%. 
 Figure 2 shows PD catheter removal for all peritonitis episodes, specified 
by organism, but with the exclusion of polymicrobial peritonitis. Peritonitis due to 
fungi (38%) and Pseudomonas (32%) resulted in greatest catheter loss, followed by 
S. aureus. Culture-negative peritonitis resulted in 4% catheter loss. Catheter removal 
was required in 9% in non-relapsing peritonitis episodes and in 14% in relapsing 
peritonitis, p < 0.01. 

Analysis of peritonitis episodes in relation to the three treatment changes

Table 1 shows the baseline characteristics of the 4 groups. Over the years patients 
were older at the start of PD and more patients started automated PD (APD) than 
continuous ambulatory PD (CAPD). The cause of end stage renal disease was different 
between the groups. The median time to the first peritonitis episode in days was 40 
for group 1, 150 for group 2, 269 for group 3 and 274 for group 4 (p < 0.01). Figure 3 
shows the Kaplan-Meier analysis for the time to the first peritonitis episode in the four 
groups. Table 3 summarizes peritonitis outcome, antibiotic treatment and antibiotic 
switch in incident patients with their first peritonitis. The single bag group had a lower 
percentage of catheter removal compared to group 2. Median antibiotic treatment 
duration increased in time, with the longest duration of treatment in group 3 and 4. 
This was accompanied by a higher percentage of an antibiotic switch, as shown in 
Table 3. Antibiotic resistance trends for S. aureus did not change significantly over 
time for flucloxacillin. The resistance to cephradine of CNS increased from 0.8% in 
group 1, to 5.8% in group 3. The susceptibility of Pseudomonas for aminoglycosides 
showed no change. Table 4 shows a comparison of peritonitis rates between the 
four groups. S. aureus and S. epidermidis peritonitis rates declined significantly in 
time (p = 0.01). After the sole use of biocompatible dialysis solutions, Gram-negative 
peritonitis due to E. coli species declined (p = 0.03). However, there was no decrease 
of peritonitis caused by Pseudomonas species. A decreasing time trend was found 
for the rate of relapsing peritonitis, p ≤ 0.01.
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Table 2. Distribution of causative pathogens of peritonitis.
Organism n (%)
Overall 2234 (100)
Gram-positive
     CNS 681 (30)
     S.aureus 342 (15)
     Streptococcus sp. 149 (7)
     Enterococcus sp. 32 (1)
     Others 88 (4)
Gram-negative
     Pseudomonas sp. 53 (2)
      E. coli 44 (2)
     Others 152 (7)
Fungi 24 (1)
Mycobacterium 2 (0.1)
Others 16 (1)
Polymicrobial 429 (19)
Culture-negative 222 (10)

Figure 2. PD catheter removal, specified by organism (%).
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Figure 3. Time to first peritonitis per group, maximal follow-up of 5 years.

C
N

S

S
. a u r e u s

O
th

e r
G

r a m
-p

o s i t i
v e

P
s e u d o m

o n a s

O
th

e r
G

r a m
-n

e g a t i v
e

F u n g i
0

1 0

2 0

3 0

4 0

P
D

c
a

th
e

te
r

re
m

o
v

a
l,

s
p

e
c

if
ie

d
b

y
o

rg
a

n
is

m
(%

)

0 20 40 60
0

20

40

60

80

100
Group 1: Single bag

Group 3: Twinbag + Mupirocin

Group 4: Twinbag + Mupirocin + Biocompatible

Group 2: Twinbag

Time to first peritonitis (months)

Pe
rc

en
t s

ur
vi

va
l

Table 3. Peritonitis outcomes, antibiotic treatment duration and switch in the study 
patientsa.

Single bag

Group 1 (n=148)

Twinbag

Group 2 (n=239)

Twinbag + 
Mupirocin

Group 3 (n=50)

Twinbag + 
Mupirocin + 

Biocompatible
Group 4 (n=91)

Time period 1979-1987 1988-2000 2001-2003 2004-2010
Peritonitis outcome (%)
     Cure 94 86 92 90
     Catheter removalb 3.4 12.1c 4.0 8.8
     Death during  peritonitis 2.7 2.1 4.0 1.1
Antibiotic treatmentb

     Median duration (days) 13 14 16d 16e

     Switch (%) 30 41f 70g 67h

aGroups include only incident patients experiencing their first peritonitis. bp < 0.05, cp < 0.01 
compared with group 1, dp = 0.02 compared with groups 1 and 2, ep < 0.01 compared with groups 1 
and 2, fp = 0.04 compared with group 1, gp < 0.01 compared with groups 1 and 2, hp < 0.01 compared 
with groups 1 and 2.
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Table 4. Time trends for peritonitis in the study patientsa. 

Mean peritonitis rate (episodes/PD year), by patient group
Single bag

Group 1 (n=182)

Twinbag

Group 2 (n=352)

Twinbag + 
Mupirocin

Group 3 (n=79)

Twinbag + 
Mupirocin + 

Biocompatible
Group 4 (n=118)

Time period 1979-1987 1988-2000 2001-2003 2004-2010

Overall 3.22 1.30 0.89 0.95b

Gram-positive episodes 2.39 0.87 0.71 0.65b

     S. aureus 0.79 0.23 0.05 0.03b

     S. epidermidis 1.23 0.35 0.35 0.13b

Gram-negative episodes 0.51 0.51 0.28 0.30b

     E. coli 0.20 0.20 0.21 0.04c

     Pseudomonas species 0.06 0.06 0.02 0.06
Culture-negative 0.47 0.21 0.10 0.14
Relapsing 0.32 0.11 0.04 0.15b

aGroups include only incident patients. bp ≤ 0.01,cp = 0.03.

DISCuSSION

In the present study 32 years’ experience of 2234 PD-related peritonitis episodes in 
a large university hospital were analyzed. Over those years, three important changes 
were made in the care of PD patients, that is the use of a disconnect system since 
1988, daily mupirocin at the exit-site since 2001 and the use of just biocompatible 
dialysis solutions since 2004. 
 A significantly declining trend was observed in the overall peritonitis rate, 
and in episodes caused by both Gram-positive and Gram-negative organisms. Our 
findings confirm those of other, much smaller studies of the dramatic effects that 
the use of disconnect systems, which started in 1988, have had on the peritonitis 
incidence (6-10). The decreases were especially marked for CNS and S. aureus 
peritonitis. 
 The introduction of daily mupirocin application at the catheter exit-site 
in 2001 led to a further reduction of S. aureus infections, not only at the exit-site, 
but also as peritonitis. A Cochrane analysis by Strippoli et al. published in 2004 
reported that nasal mupirocin reduced exit-site/tunnel infection but not peritonitis 
(11). However, this conclusion was based on only one trial performed in 1996 with 
intranasal mupirocin. It can be hypothesized that compliance by patients is higher for 
topical than for intranasal mupirocin. Recently, Xu et al. (12) published a systematic 
review of studies that compared mupirocin treatment with placebo or no treatment. 
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These authors also found that mupirocin treatment was effective in preventing exit-
site infection and peritonitis. 
 The total abandonment of conventional dialysis solutions in 2004 was 
associated with a further reduction of the rates of Gram-positive and E. coli peritonitis, 
but there was no change in the incidence of culture-negative, Gram-negative and 
overall peritonitis. Recently, Cho et al. performed a systematic review of randomized 
controlled trials to evaluate the benefits and harms of biocompatible solutions in PD 
patients compared with conventional solutions (13). This systematic review showed 
that the use of biocompatible PD solutions may result in better preservation of 
urine output and residual renal function and may improve inflow pain. A decrease in 
peritonitis episodes was not found, neither improved technique and patient survival. 
However, it must be appreciated that outcomes of various studies of this issue have 
been highly inconsistent. The results of our long-term observational study suggest 
that biocompatible solutions may have some protective effects against some, but 
not all microorganisms.
 Since 2004 more patients started with APD than with CAPD. This was not 
associated with a lower overall peritonitis incidence. In literature there are some 
conflicting data regarding treatment modality and risk of peritonitis. Some studies 
showed that APD is associated with a lower peritonitis risk (14;15), while other 
studies found no difference (16-18). 
 Despite the decrease in peritonitis incidence, we often failed to achieve the 
goal set by the ISPD (4) of a peritonitis rate no more than 1 peritonitis every 18 
months (0.67/year at risk). This may be due to the continuation of PD also after a few 
episodes of uncomplicated peritonitis. In addition, the low socio-economic status of 
many of our patients may have played a role. However, some papers report the same 
high incidence of peritonitis (10;19;20). It cannot be excluded that lower peritonitis 
rates are the result of reporting bias, because people tend to publish success rather 
than failure, as hypothesized by Davenport (10). In contrast to the improved results 
on peritonitis incidence, the antibiotic treatment duration of a peritonitis episode 
increased from 13 to 16 days and this was accompanied with a higher percentage 
of an antibiotic switch. Because the initial antibiotic was changed according to 
the antibiotic resistance of the causative organism, we examined the antibiotic 
resistance for the two major causes of peritonitis in our series, that is for CNS and 
S. aureus. Increased resistance to cephradine was found for CNS; S. aureus was not 
tested. Many other authors showed increased resistance of CNS to methicillin, and 
consequently to first generation cephalosporins (9;21-23). S. aureus showed no 
difference in resistance rates over time for flucloxacillin. All isolates were susceptible 
to vancomycin. The ISPD (4) recommends a first generation cephalosporin as the 
initial empirical antibiotic for Gram-positive coverage, but underlines the importance 
to look at the local history of sensitivities of organisms causing peritonitis. With 
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our observations in the present study, with significant changes in the antibiotic 
susceptibility of the main Gram-positive pathogen causing peritonitis, re-evaluation 
of our current treatment protocol is indeed warranted. 
 Over the years cure rate was high and stable and death rate during peritonitis 
remained low. Catheter removal was stable over the years, with the exception of a 
lower catheter removal rate in the first years of PD. We speculate this is due to the 
high incidence of CNS peritonitis, that often have a relatively mild clinical course and 
usually do not require catheter removal. In contrast, catheter removal rates were 
significantly higher in peritonitis due to a single Gram-negative organism or fungus 
than in those due to a single Gram-positive organism, which is consistent with other 
studies (23-26). Peritonitis due to fungi (38%) and Pseudomonas (32%) resulted in the 
greatest catheter loss. Our relatively low catheter removal rates in fungal peritonitis 
contrast with those of most studies (27-30) and with the International Society for 
Peritoneal dialysis recommendation, that advises catheter removal immediately after 
fungi are identified by microscopy or culture (4). Our group always followed another 
policy (31), in which medical treatment was given with intraperitoneal amphotericin 
and flucytosin and continued this treatment for 4 weeks. In case of Candida albicans 
peritonitis this treatment is effective in 60% of cases. It is not appropriate for fungal 
peritonitis due to other fungi or yeasts. A pitfall with the above regimen is that 
the dialysis effluent may remain turbid due to an amphotericin induced high cell 
number, which could erroneously suggest that the medical treatment is not effective. 
Ignorance of this fact and unjustified fear for inducing peritoneal membrane damage 
may be reasons for considering primary catheter removal.
 In almost half of the patients who died during peritonitis (46%) the cause of 
death was assigned to peritonitis. In 6% other infections and in 33% cardiovascular 
causes were the most important causes. Boudville et al. (32) reported similar results 
in 250 patients with an episode of peritonitis in the 30 days before death, with the 
exception of a lower percentage of death due to peritonitis, which was 28%. The 
authors of this paper touch upon the problem of reporting the cause of death. 
Because there is currently no standard definition of peritonitis associated mortality, 
this leads to variable and subjective approaches to diagnose peritonitis-associated 
death. As a consequence different presented prevalence rates in literature can be 
found. Systemic inflammation may predispose to cardiovascular disease, as reported 
by others (33;34). Although peritonitis cannot always be considered a systemic 
inflammation, this could be an additional explanation for the high percentage of 
cardiovascular causes of death during peritonitis.
 The present study has a number of limitations. First, it is a single-center 
study, which makes the results difficult to apply to other centers. However, in a 
single-center study data are more complete and accuracy is more easily checked 
than is possible with registry data. Second, although the peritonitis episodes were 
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thoroughly prospectively documented in an extensive peritonitis database, it was 
not part of a general prospective study in which all imaginable parameters were 
collected. Hence, we were not able to distinguish the possible effects of nutrition 
status, patient education and socio-economic status on peritonitis incidence and 
outcome. Also, data about exit-site infections were not prospectively collected. 
 One of the strengths of this study is the large number of peritonitis episodes 
that has been collected in 32 years of PD practice. Furthermore, our initial antibiotic 
treatment protocol has not changed over the years. Moreover, the percentage 
of culture-negative episodes was only 9%. That observation underlines the high 
standard for culture methods in our medical microbiology laboratory, making the 
culture results very accurate. 
 It can be concluded that PD practice with regard to peritonitis has 
significantly improved over the years, due to implementation of a disconnect system 
and daily mupirocin application at the exit-site. A clear positive effect of the use 
of biocompatible solutions could not be found. However, our peritonitis rates are 
still higher, than guideline recommendations and need to be improved. Moreover, 
because of decreased rates of antibiotic susceptibility that developed over time, 
our initial empiric antibiotic treatment, consisting solely of a first generation 
cephalosporin, declined in effectiveness. Yet the cure rate was and has remained 
stable and high, and the rate of death during peritonitis was and has remained low. 
Those observations show that peritonitis is a manageable complication of PD that 
cannot be considered a contraindication to this mode of renal replacement therapy.
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