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Abstract
Peritonitis remains a major complication of peritoneal dialysis (PD). A high peritonitis rate (HPR) affects continuous ambulatory
peritoneal dialysis (CAPD) patients’ technique survival and mortality. Predictors and outcomes of HPR, rather than the first peritonitis
episode, were rarely studied in the Chinese population. In this study, we examined the risk factors associated with HPR and its effects
on clinical outcomes in CAPD patients.
This is a single center, retrospective, observational cohort study. A total of 294patientswhodeveloping at least 1 episodeof peritonitis

were followed up from March 1st, 2002, to July 31, 2014, in our PD center. Multivariate logistic regression was used to determine the
factors associatedwithHPR, and theCoxproportional hazardmodelwas conducted to assess the effects of HPRonclinical outcomes.
During the study period of 2917.5 patient-years, 489 episodes of peritonitis were recorded, and the total peritonitis rate was 0.168

episodes per patient-year. The multivariate analysis showed that factors associated with HPR include a quick occurrence of
peritonitis after CAPD initiation (shorter than 12 months), and a low serum albumin level at the start of CAPD. In the Cox proportional
hazard model, HPR was a significant predictor of technique failure. There were no differences between HPR and low peritonitis rate
(LPR) group for all-cause mortality. However, when the peritonitis rate was considered as a continuous variable, a positive correlation
was observed between the peritonitis rate and mortality.
We found the quick peritonitis occurrence after CAPD and the low serum albumin level before CAPDwere strongly associated with

an HPR. Also, our results verified that HPR was positively correlated with technique failure. More importantly, the increase in the
peritonitis rate suggested a higher risk of all-cause mortality.
These results may help to identify and target patients who are at higher risk of HPR at the start of CAPD and to take interventions to

reduce peritonitis incidence and improve clinical outcomes.

Abbreviations: CAPD = continuous ambulatory peritoneal dialysis, CCI = Charlson comorbidity index, CI = confidence interval,
eGFR = estimated glomerular filtration rate, HD = hemodialysis, HPR = high peritonitis rate, HR = hazard ratio, ISPD = International
Society for Peritoneal Dialysis, LPR = low peritonitis rate, OR = odds ratio, PD = peritoneal dialysis.
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1. Introduction

Peritoneal dialysis (PD) is one of the main renal replacement
treatments. Peritonitis remains the major complication and
primary reason of technique failure in PD patients.[1] Peritonitis-
related mortality was not significantly improved in recent years
and varied from 2.8% to 8.8% of episodes according to several
reports.[2–4] Despite the advanced prevention and therapy
applied, peritonitis was still considered to play an important
role in mortality of PD patients. It has been reported that frequent
peritonitis accounts for a higher risk of mortality, independent of
other factors.[5] A study identified that the peritonitis rate was
associated with technique failure and predicted mortality.[6]

Another study confirmed that episodes of peritonitis had a
negative impact on long-term survival of PD patients.[7]

Peritonitis is harmful to the peritoneum. Long-term peritoneal
dialysis causes structural changes in the peritoneal membrane,
leading to peritoneal fibrosis,[8] and peritonitis accelerates this
process.[9] The intensity of peritoneal inflammation and also the
frequency of infection has an impact on the peritoneal function.
Multiple or recurrent episodes could cause membrane perme-
ability changes and ultrafiltration declines with time on PD,
which finally leads to technique failure.
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Predictors of peritonitis, such as lower education level, age,
gender, diabetes mellitus, lower serum albumin level at the start
of continuous ambulatory peritoneal dialysis (CAPD), have been
previously identified.[10–12] Moreover, incidence and predictors
of peritonitis differed based on the geographical region.[13]

A high peritonitis rate (HPR) was negatively correlated with
technique failure and mortality according to current studies.[6,7]

However, to our knowledge, there were fewer studies about the
clinical outcomes and risk factors associated with an HPR in
Chinese CAPD patients. To obtain an improved understanding of
predictors of HPR and its impact on clinical outcomes, we
conducted this retrospective study.
2. Materials and methods

2.1. Patient population

This retrospective study involved incidents of all the patients
requiring CAPD followed up in our peritoneal dialysis (PD)
Center, the First Affiliated Hospital of Zhejiang University, from
March 1st, 2002 to July 31, 2014. All patients we studied
remained on PD at least 90 days. The exclusion criteria were
patients who started CAPD in other centers and followed up in
our center, age less than 18 years, and remaining on PD less than
90 days. All data were derived from patient profiles from our
center. Records from a total of 1473 CAPD patients were
screened for study eligibility. Among these 1473 patients, 294
patients who developing at least 1 episode of peritonitis during
the study period, were study objects. This study was approved by
the Human Ethics Committee of the First Affiliated Hospital of
Zhejiang University. The total peritonitis rate was 0.168 episodes
per patient-year (294 patients presented 489 episodes of
peritonitis during 2917.5 patient-years). According to the median
of peritonitis rate (0.532/patient-year), we dichotomized study
objects into 2 groups: low peritonitis rate (LPR, <0.532/patient-
year, n=147) and high peritonitis rate (HPR, ≥0.532/patient-
year, n=147). Patients were followed up until death, renal
transplantation, switch to hemodialysis (HD), or the end day of
the study on July 31, 2014. The baseline characteristics within 1
to 3 months after the initiation of PD therapy were collected,
including demographic data (age, gender, education level), body
mass index, Charlson comorbidity index (CCI) score, major
comorbidities at the start of PD therapy (hypertension, diabetes,
cardiovascular disease), time to first period of peritonitis,
biochemical data, relevant PD adequacy indices, and microbio-
logical characteristics of the first episode of peritonitis. Patients
received a peritoneal equilibration test within the first 1 to 3
months after PD start.
2.2. Definition of peritonitis and clinical outcomes

The diagnosis of peritonitis must meet at least 2 of the following
criteria according to the 2010 International Society for Peritoneal
Dialysis (ISPD) guidelines: clinical symptoms, leukocytosis in
peritoneal fluid effluent (white cell count at least 100/mm3, with
at least 50% polymorphonuclear neutrophilic cells), and positive
culture of PD fluid.[14]

The clinical outcomes in this study included all-cause mortality
and technique failure. For the analysis of all-cause mortality,
death was considered as the end-point event, whereas transfer to
HD and renal transplantation were censored observations. The
technique failure was defined as the switch from PD therapy to
HD therapy permanently due to all kinds of operational
2

problems, such as inadequate dialysis, exit-site infection,
peritonitis, and so on. Those lost to follow-up are also seen as
censored observations in analysis of clinical outcomes.
2.3. Statistical analysis

Results were expressed as means± standard deviation for
normally distributed data and median values with the interval
from the 25th to the 75th percentile for skewed data. Categorical
data were presented as frequency (n) and percentage (%).
Differences between groups were analyzed by Student’s t test for
normally distributed data, the Wilcoxon rank sum test for
skewed continuous data and Chi-square test or Fisher’s exact test
for categorical data. The Kaplan–Meier survival curve was
conducted for the analysis of technique survival and patient
survival. Univariate Cox proportional hazard regression was
conducted to select significant variables associated with clinical
outcomes. The inclusion criterion for variables selected to the
final multivariate Cox model was P<0.10. Collinearity of
variables was tested. The multivariate logistic regression model
was performed to select significant predictors for HPR and the
inclusion criterion was also P<0.10. A 2-tailed P value<0.05
was considered statistically significant. All statistical analyses
were performed using SPSS 19.0 (IBM SPSS Statistics 19. Inc.)
software.
3. Results

3.1. Population and microbiologic characteristics

In a total of 1473 CAPD patients, 294 patients whowere 18 years
or older, stayed on PD at least 90 days and developed at least 1
episode of peritonitis, were eligible for the study. Conventional
PD solutions were used by all of the patients (dianeal with 1.5%
or 2.5% dextrose; Baxter Healthcare, Hangzhou, China). The
systems utilized in PD patients were Y-sets and twin-bag.
Mupirocin ointment was utilized in every PD patient to prevent
exit infection. Each patient performed 3 to 4 cycles per 24hours
and the fill volume was usually 2 liters per 1.73 m2. The study
population was followed up for a median of 33.3 months
(interquartile range 17.3–52.8 months). The mean age of 294
peritonitis CAPD patients was 50.8±14.0 years and 62.2% of
patients were male. Clinical characteristics at commencement of
the incident in 294 patients are shown in Table 1. Compared with
the low peritonitis rate (LPR) patients group, HPR patients group
had more male patients, shorter time to their first peritonitis, and
lower levels of serum albumin (P<0.05).
The causative organisms of the first episode of peritonitis of the

294 incidents are summarized below: 115 (39.1%) were due to
gram-positive organisms, 53 (18.0%) were due to gram-negative
organisms, 2 (0.7%) tomultiple organisms, 6 (2.1%) to fungi and
118 (40.1%) culture-negative peritonitis were observed. Table 2
shows the microbiologic spectrum of the first episode of
peritonitis according to the LPR and HPR groups. No significant
microbiologic spectrum differences were found between LPR and
HPR patient groups.
3.2. Technique failure

The univariate Cox analysis of risk factors for the technique
failure is shown in the Supplementary Table 1, http://links.lww.
com/MD/B459. Adjusted for time to first peritonitis, diabetes,
and serum albumin in the multivariate Cox proportional hazard
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Table 1

Baseline clinical characteristics and laboratory biochemistry data.

Variable Low peritonitis
rate (N=147)

High peritonitis
rate (N=147) P

Men, % 83 (56.5) 100 (68) 0.041
Age, y 50.8±14.0 50.8±14.0 0.980
Education level, % 0.158
� Junior high school 110 (74.8) 120 (81.6)
>Junior high school 37 (25.2) 27 (18.4)

Body mass index 21.6±2.9 21.9±3.0 0.515
PD duration, mo 47.9 (33.7,64.0) 17.6 (11.3,33.0) <0.001
PD regimen, % 0.414
1.5% dextrose only 77 (52.4) 69 (46.9)
1.5% dextrose and
2.5% dextrose

70 (47.6) 78 (53.1)

Time to first peritonitis
<12 months, %

52 (35.4) 115 (78.2) <0.001

Charlson comorbidity Index 3.40±1.41 3.46±1.45 0.745
Diabetes, % 18 (12.2) 24 (16.3) 0.317
Serum albumin, g/L 37.7±5.2 36.2±5.3 0.013
Hemoglobin, g/L 83±17 84±18 0.549
Total cholesterol, mmol/L 4.23±1.14 4.38±1.16 0.272
Total Kt/V 2.09±0.54 2.13±0.64 0.656
eGFR, mL/min1.73 m2 7.41 (5.26,9.42) 6.81 (4.88,9.22) 0.160

eGFR= estimated glomerular filtration rate, PD=peritoneal dialysis.

Table 3

Cox proportional hazard model for technique failure.

Variable HR (95%CI) P

Peritonitis rate, HPR 4.512 2.504–8.130 <0.001
Time to first peritonitis
<12 months

0.951 0.550–1.646 0.859

Serum albumin 0.973 0.921–1.027 0.313
Diabetes 1.535 0.814–2.893 0.185

CI=confidence interval, HPR=high peritonitis rate, HR=hazard ratio.
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model for technique failure, HPR was significantly associated
with technique failure compared with LPR subjects, with hazard
ratio (HR) of 4.512 (Table 3, P<0.001). The cumulative
technique survival was shown in Fig. 1.

3.3. All-cause mortality

In total, 19 patients died in the LPR group and 12 patients in the
HPR group. The most common causes were cerebrovascular
disease (29.0%) and infection (19.4%). All-cause mortality did
not differ between LPR and HPR groups in the multivariate Cox
proportional hazard model adjusted for age, time to first
peritonitis, total cholesterol, diabetes, eGFR, CCI score, and
serum albumin (Table 4 and Supplementary Table 2, http://links.
lww.com/MD/B459). There was a relative risk of 2.179 for all-
cause mortality for the increase in every 1episode/patient-year in
Table 2

Details of causative organisms of the first peritonitis.

Causative organisms
Low peritonitis rate High peritonitis rate

Pepisodes (n) episodes (n)

Gram-positive organisms 57 58 0.905
Staphylococcus aureus 38 40
Streptococcus species 10 9
Enterococcus species 3 4
Other Gram-positives 6 5

Gram-negative organisms 32 21 0.095
Escherichia coli 20 14
Pseudomonas species 1 1
Klebsiella species 4 1
Other Gram-negatives 7 5

Multiple organisms 0 2 0.498
Fungi 3 3 1.000
Culture-negative peritonitis 55 63 0.341
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the peritonitis rate (Table 5, P=0.004). Figure 2 showed the
patient survival according to HPR and LPR groups.

3.4. Risk factors of high peritonitis rate

We constructed a multiple logistic regression model for the
analysis of HPR. Variables used in this model were time to first
peritonitis, serum albumin, and sex according to the simple
logistic regression analysis of factors associated with HPR
(Supplementary Table 3, http://links.lww.com/MD/B459). Two
independent factors were identified as risk factors for HPR,
namely, time to first peritonitis shorter than 12months and serum
albumin at the start of CAPD (Table 6). Patients who had their
first peritonitis episode <12 months after initiating CAPD were
shown to have a significant increase in the risk of an HPR than
those who had a longer time before the episode, with odds ratio
(OR) of 6.289, P<0.001. Serum albumin was another predictor
of HPR. Every 1g/L increase of serum albumin concentration
at the start of CAPD lower the risk of HPR by 5.1% (OR 0.949,
P=0.04).
4. Discussion

Our retrospective study showed that HPR was still an
independent predictor of technique failure. And a positive
correlation was observed between the peritonitis rate and
mortality. A quick occurrence of peritonitis after CAPD initiation
Figure 1. Technique survival of CAPD patients according to the peritonitis rate.
CAPD = continuous ambulatory peritoneal dialysis.
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Table 4

Cox proportional hazard model for mortality (by group).

Variable HR (95%CI) P

Peritonitis rate, HPR 1.165 0.493–2.754 0.727
Time to first peritonitis

<12 months
2.497 1.089–5.724 0.310

Age 1.027 0.974–1.083 0.325
Total cholesterol 1.524 1.139–2.039 0.005
Diabetes 1.276 0.487–3.346 0.620
eGFR 0.979 0.867–1.105 0.731
Charlson Comorbidity index 1.228 0.747–2.020 0.418
Serum albumin 0.913 0.841–0.992 0.032

CI= confidence interval, eGFR= estimated glomerular filtration rate, HPR=high peritonitis rate, HR=
hazard ratio.

Figure 2. Patient survival according to the peritonitis rate.
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(shorter than 12 months), and a low serum albumin level at the
start of CAPD were associated with HPR.
Our results identified that first peritonitis occurred within 12

months after start of CAPD was an independent risk factor for
HPR (OR 6.289, P<0.001). There were few studies to
investigate the relationship between the timing to first peritonitis
and peritonitis rate. A retrospective study conducted by Hsieh
et al[15] identified early peritonitis patients (< 20.28months) were
prone to have a higher peritonitis rate. They found an inverse
correlation between the peritonitis rate and the timing to first
peritonitis episode in PD patients. Late-onset peritonitis was
referred to as a low peritonitis rate in that study, which is
consistent with our results. A Greek researcher reported that
patients who presented the first peritonitis episodes within the
first 12 months on PD were more likely to present with repeated
episodes of peritonitis and worse technique survival compared
with those having the first peritonitis episodes later than 24
months on PD.[16] In elderly PD patients, the early peritonitis
group (within 6 months after the initiation of PD) also had a
higher peritonitis rate than the late peritonitis group, with 1 per
23.7 patient-months versus 1 per 36.4 patient-months. Similar
results were shown in a recent published report from China.[17]

According to their data, the higher occurrence rate of peritonitis
was observed in early-onset peritonitis group (shorter than 3
months after PD initiation), compared to the late-onset group. In
our study, there were more quick peritonitis occurrence patients
in the HPR group than in the LPR group (P<0.001).
Low baseline serum albumin had been reported as a novel

predictor for peritonitis in previous studies. And our study
reaffirmed its independent predictive value on HPR of CAPD
patients. The risk of peritonitis increased by 74% and 67% with
every 10g/L decrease of serum albumin in studies from the United
Table 5

Cox proportional hazard model for mortality (by rate).

Variable HR (95%CI) P

Peritonitis rate /patient year 2.179 1.277–3.721 0.004
Time to first peritonitis

<12 months
1.979 0.876–4.468 0.101

Age 1.026 0.975–1.081 0.321
Total cholesterol 1.497 1.135–1.976 0.004
Diabetes 1.438 0.541–3.820 0.466
eGFR 0.992 0.881–1.118 0.901
Charlson Comorbidity index 1.202 0.724–1.993 0.477
Serum albumin 0.915 0.843–0.994 0.036

CI= confidence interval, eGFR=estimated glomerular filtration rate, HR=hazard ratio.
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States and Hong Kong. In 1 study from the United States,
Wang et al[18] found that patients with a baseline serum albumin
level lower than 29g/L were prone to have a higher peritonitis
rate (2.5 times greater than patients with higher serum albumin
levels). We believe serum albumin is a marker of malnutrition;
thus, the serum albumin level is the reflection of nutritional status
in PD patients. Hypoalbuminemia has been reported to be
associated with malnutrition or inflammation in renal failure
patients and may increase the risk of infection. The reduced
albumin was also related to severe peritonitis and worse
outcomes in CAPD patients.[19] The severity of peritonitis and
number of peritonitis episodes were significantly related to
malnutrition compared to patients with normal nutritional
status.[20] Based on this evidence, we believe there is a strong
correlation between peritonitis rate and low baseline serum
albumin. In our study, every 1g/L increase of serum albumin
concentration at the start of CAPD decreased the risk of HPR by
5.1% (OR 0.949, P=0.04). So more attention should be paid to
malnutrition in CAPD patients during PD.
The correlation between peritonitis and technique failure has

been investigated in previous studies.[21,22] Peritonitis is reported
to be the leading cause of technique failure in PD patients. A
recent study indicated that peritonitis-related technique failure
did not decrease over time in Canada, and peritonitis is still the
main reason for technique failure, though the peritonitis rate in
PD patients declined over time.[23] In contrast, Nakamoto et al[24]

reported that the main reason for technique failure had changed
from peritonitis to overhydration, which may be partly explained
by the low peritonitis rate in Japan. Peritonitis has a negative
impact on the peritoneal membrane. Compared with a single
Table 6

Multiple logistic regression analysis of factors associated with
high peritonitis rate.

Variable OR (95%CI) P

Time to first peritonitis
<12 months

6.289 3.725–10.617 <0.001

Serum albumin 0.949 0.903–0.998 0.040
Sex, men 1.439 0.847–2.445 0.178

CI=confidence interval, OR= odds ratio.
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episode of peritonitis, frequent peritonitis episodes may have
significant effects on membrane permeability and ultrafiltration
reduction, which leads to technique failure and withdrawal of
PD.[25] A study in Scotland showed peritonitis accounted for
42.6% for all-cause technique failure in PD patients, and main
pathogen of it was Coagulase-negative Staphylococcus.[26]

Similar results were found in a study of the Tokai area of Japan.
In that study, the main cause of PD patients transferring to HD
from 2005 to 2007 was PD-related peritonitis (27%), followed
by dialysis failure (21.3%).[27] The peritonitis rate was a strong
predictor for technique failure in a Turkish retrospective study,
with a relative risk of 3.22(P<0.001).[6] In the present
study, HPR was associated with a significant increase in the
risk of technique failure compared with LPR subjects (HR 4.512,
P<0.001).
In our study, the main cause of death was cerebrovascular

disease (29.0%), followed by infection (19.4%). It was reported
that there was a strong correlation between peritonitis and death
from cardiovascular or cerebrovascular disease.[28] Ghali et al[29]

reported that peritonitis accounted for 2.6% of deaths in PD
patients and many deaths occurred within 30 days of peritonitis
due to cardiovascular disease and social reasons. A recent case-
crossover study including 1316 PD patients in Australia and New
Zealand found that the risk of death increased up to 120 days
after peritonitis occurrence.[30] This could be explained by the
persistent systemic inflammation after an episode of peritonitis,
which may lead to cerebrovascular disease.[31] Our findings
supported this hypothesis.
Previous studies reported that peritonitis was a risk factor for

death in PD patients.[5,22] Fontan et al[2] found that the incidence
of peritonitis was an independent predictor of overall mortality.
A retrospective study from South Africa showed that frequent
peritonitis, rather than a single episode, was significantly
associated with adverse clinical outcomes including death in
CAPD patients.[32] The risk of death increased by 87%with every
1episode/patient-year increase in a report from Turkey.[6] de
Bustillo et al[7] reported that each episode of peritonitis was
significantly associated with increased risk of death in patients on
PD. Consistent with previous studies, we found the peritonitis
rate was a significant predictor for mortality with a hazard ratio
of 2.179 for every 1episode/patient-year increase (P=0.004).
Although there were no significant differences in all-cause
mortalities between the HPR and LPR groups (P>0.05), this
result may be caused by inappropriate group division. Further
studies should be done to find a better process for group division
for mortality studies.
There was a high proportion of culture-negative episodes for

the first peritonitis in the present study. This may be partly caused
by early antibiotic use in a local hospital before patients
transferred to our center. Also, we should check the methods used
in our laboratory and improve technique protocols to optimize
results in culture.
There are several limitations in our study. First, we did not

include data on patients’ hygiene habits, whether the dialysis
operated correctly throughout the process and nurse training,
which could also present risk factors for HPR. Second, our study
was retrospective and some drop-out reasons were missing. This
could lead to biased results. Third, automated PD patients were
not included in our study because only a small number of patients
on this modality appeared in our center. Causal relations
implicated in analysis cannot be extrapolated for these patients.
Finally, our study was based on data from a single-center and the
5

sample size was relatively small. Hence, further studies involving
multicenter data are needed to enhance the validity of our study.
The strengths of the present study include its homogenous

sampling limited exclusively to CAPD and long follow-up time
over 10 years.Moreover, to our best knowledge, this is the largest
Southern China study to address that the quick occurrence of the
first peritonitis shorter than 12 months and low baseline serum
albumin are predictors for HPR. In line with previous reports,
HPR is significantly associated with technique failure and all-
cause mortality in Chinese CAPD patients. These results could
help in the early identification of patients with a high risk forHPR
and suggest interventions to reduce this PD complication and
improve clinical outcomes.
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