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¢ Background: Peritonitis rate has been reported to be
associated with technique failure and overall mortality in
previous literatures. However, information on the impact
of the timing of the first peritonitis episode on continuous
ambulatory peritoneal dialysis (CAPD) patients is sparse.
The aim of this research is to study the influence of time to
first peritonitis on clinical outcomes, including technique
failure, patient mortality and dropout from peritoneal
dialysis (PD).

¢ Methods: Aretrospective observational cohort study was
conducted over 10 years at a single PD unitin Taiwan. A total
of 124 patients on CAPD with at least one peritonitis episode
comprised the study subjects, which were dichotomized
by the median of time to first peritonitis into either early
peritonitis patients or late peritonitis patients. Cox propor-
tional hazard model was used to analyze the correlation of
the timing of first peritonitis with clinical outcomes.

¢ Results: Early peritonitis patients were older, more
diabetic and had lower serum levels of creatinine than the
late peritonitis patients. Early peritonitis patients were
associated with worse technique survival, patient survival
and stay on PD than late peritonitis patients, as indicated
by Kaplan-Meier analysis (log-rank test, p=0.04, p <0.001,
p <0.001, respectively). In the multivariate Cox regression
model, early peritonitis was still a significant predictor for
technique failure (hazard ratio (HR), 0.54; 95% confidence
interval (CI), 0.30 - 0.98), patient mortality (HR, 0.34;
95% CI, 0.13 - 0.92) and dropout from PD (HR, 0.50; 95%
(I, 0.30-0.82). In continuous analyses, a 1-month increase
in the time to the first peritonitis episode was associated
with a 2% decreased risk of technique failure (HR, 0.98;
95% CI, 0.97 - 0.99), a 3% decreased risk of patient mor-
tality (HR, 0.97; 95% CI, 0.95 - 0.99), and a 2% decreased
risk of dropout from PD (HR, 98%; 95% CI, 0.97 - 0.99).
Peritonitis rate was inversely correlated with time to first
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peritonitis according to the Spearman analysis (r =-0.64,
p<0.001).

¢ Conclusions: Time to first peritonitisis significantly cor-
related with clinical outcomes of peritonitis patients with
early peritonitis patients having poor prognosis. Patients
with shorter time to first peritonitis were prone to having
a higher peritonitis rate.
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ontinuous ambulatory peritoneal dialysis (CAPD) was

first described as a renal replacement therapy in the
late 1970s (1). Peritonitis is the most common serious
complication of peritoneal dialysis (PD) and the leading
cause of technique failure necessitating a switch to hemo-
dialysis (HD), accounting for 42.6% of cases in Scotland,
and 41.7% in London (2,3). Fortunately, the mortality
rate directly associated with peritonitis is below 4 — 6 %
(4,5) and greatly depends on the causative organisms,
with the highest mortality rate for fungal peritonitis, fol-
lowed by those due to gram-negative organismsin general
(4-7). Technical improvements in PD systems, including
double-bag system and Y-set, and better understanding
of risk factors predisposing to peritonitis episodes have
led to a significant decrease in peritonitis rates (8).

Peritonitis rates vary from center to center and are
largely influenced by factors such as patient selection,
quality of PD training, nursing experience and the use of
nasal mupirocin (9-11). Many other factors, on the other
hand, have beeninconsistently linked with PD peritonitis,
such as older age, female sex, race, nasal carriage of
Staphylococcus aureus, diabetes mellitus, use of standard
lactate dialysate compared with novel biocompatible
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solution, hypoalbuminemia, low residual renal function
and transfer from HD (2,12-18). Nonetheless, knowl-
edge of risk factors for peritonitis with the subsequent
implementation of preventive strategies may be helpful
in reducing peritonitis occurrence. Guidelines from the
International Society for Peritoneal Dialysis (ISPD) sug-
gestthatthe peritonitis rate should not exceed 1 episode
in 18 patient-months (19).

A high peritonitis rate is associated with inferior tech-
nique and patient survival. However, few studies have
extensively examined whether the timing of the first
peritonitis episode has animpact on technique survival or
patient survival of PD patients. We thus conducted a retro-
spective study of incident CAPD patients over 10 years ata
single medical centerin Taiwan, with the aim of determining
the influence of the timing of the first peritonitis episode
on clinical outcomes among peritonitis patients.

PATIENTS AND METHODS

This was a retrospective observational cohort study.
Incident CAPD patients aged 18 years or older at Changhua
Christian Hospital in Taiwan between January 1, 2001, and
December 31, 2010, were screened for study eligibility. A
totalof391incident CAPD patients with a mean age of55.8 +
16 yearsand 44.2% being male commenced dialysis therapy
during the period. The overall peritonitis rate was 0.196
episodes per patient-year over a total observation period of
969.5 patient-years. Of the 391 CAPD patients, 124 patients
developing at least one episode of peritonitis were enrolled
in our study. The median time from CAPD commencement
to the first peritonitis onset was 20.28 months for those
patients. Based on the median time to first peritonitis, 124
patients were dichotomized into an early peritonitis group
(EP) (< 20.28 months, n=62) and a late peritonitis group
(LP) (> 20.28 months, n = 62). All patients were followed
till death, renal transplant and switch to HD or the end of
the study on December 31, 2010. The data collected included
demographic data, body mass index, educational status,
the cause of end-stage renal disease (ESRD), relevant bio-
chemical data, comorbid conditions at the start of dialysis
therapy (coronary artery disease, cerebrovascular disease,
peripheral vascular disease, diabetes mellitus, and hyper-
tension), relevant PD related parameters, such asmembrane
transport status, the clearance of the peritoneum and
kidneys, as well as microbiologic characteristics of peri-
tonitis episodes. Cardiovascular comorbidity was defined
as a history of coronary artery disease, cerebrovascular or
peripheralvascular disease.

The outcomes measured in the study were all-cause mor-
tality, technique failure, and dropout from CAPD. Patient
survival was the probability of patients surviving on PD,
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while only death was considered an end-point event; other
reasons for dropouts, such as transferto HD, transplanta-
tion, orrenalfunction recovery, were the censored observa-
tions. Technique failure was defined as permanent transfer
to HD duetoinadequate dialysis, peritonitis, ultrafiltration
failure, exit-site infection, and tunnelinfection, mechani-
cal or operational problems; transplantation, death and
recovery of renal function were the censored observations.
In the “stay on PD” (the combined endpoint of patient
survival and technique survival) analysis, death on PD or
technique failure was the event of interest; transplanta-
tion was a censored observation. The causes of death were
categorized as cardiovascular, malignancy, neurological,
infection/sepsis, gastrointestinal bleeding, intracranial
hemorrhage, and others. Patients were classified as peri-
tonitis-related deaths if they met the following criteria:
(1) death from sepsis secondary to peritonitis, (2) death
within 14 days of peritonitis onset, or (3) death during a
hospitalization due to peritonitis.

STATISTICAL ANALYSIS

Results were expressed as means and standard devia-
tion (SD) for continuous variables. Categorical variables
were expressed as frequency (n) and percentage (%).
Gender, age group, icodextrin prescription, comorbidity
diseases, creatinine D/P 4-hour, follow-up outcomes and
microbiologic characteristics between the EPand LP groups
were analyzed by chi-square test (or Fisher’s exact test).
Student t-test or the Wilcoxon rank sum test was used to
evaluate age, body mass index (BMI), biochemical mea-
surements and peritoneal equilibration test (PET) between
the two groups. The Kaplan-Meier survival curve and
log-rank statistic were conducted for the analysis of “stay
on PD”, patient survival, and technique survival. The ana-
lyzed variables included time to first peritonitis, gender,
age, BMI, icodextrin use, diabetes mellitus, hyperten-
sion, cardiovascular disease, serum albumin, Ca x P, total
Kt/V urea, residual glomerular filtration rate (GFR) and
dialysate to plasma ratio of creatinine (D/P creatinine).
Significant variables from a univariate analysis were
incorporated into a multivariate Cox regression model to
determine the most significant predictors of clinical out-
comes. To maximize statistical power to examine the rela-
tionship between time to first peritonitis and outcomes
ofinterest, continuous variable analyses were conducted
with hazard ratios presented per 1-monthincreasein the
time to first peritonitis. A two-tailed p value less than
0.05 was considered statistically significant. All statistical
analyses were conducted using the statistical package for
Windows, SAS 9.2 (SAS Institute Inc, Cary, NC, USA) and
SPSS 16.0 (SPSS, Chicago, IL, USA).
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RESULTS
POPULATION AND MICROBIOLOGIC CHARACTERISTICS

Table 1 shows the baseline characteristics at the com-
mencement of CAPD. A total of 124 patients (EP, n = 62;
LP, n = 62) were analyzed in our study with an average
age of 56.9 years (male, 41.3%). No patient in the EP
group had the first peritonitis episode within the first 3
months after commencing CAPD. There were 34 patients

EARLY PERITONITIS IN CAPD PATIENTS

(54.8%) who had the first peritonitis episode within the
first 12 months. Most of them had low educational level
(illiteracy or junior high school, 53.2%), 33.1% had
icodextrin prescription and 86.3% had hypertension.
Chronicglomerulonephritis, diabetes mellitus and hyper-
tension accounted for the three most common causes of
ESRD eitherin EP orin LP patients.

The EP patients were more likely to be older in age
and have diabetes, as well as lower serum levels of
creatinine. There was no significant differencein gender,

TABLE 1
Demographic, Clinical and Biochemical Data at Baseline

Early peritonitis Late peritonitis
(n=62) % (n=62) % p

Gender, male 23(37.1) 28 (45.2) 0.83
Age 59.2+£16.0 53.3£14.2 0.04*
Age (>65 yr) 32 (41.6) 9 (19.2) 0.01%
Educational status 0.20
Body mass index (kg/m?) 23.5+4.1 23.4%4.2 0.97
Icodextrin use 19 (30.7) 22 (35.5) 0.57
Duration on PD (months) 30.1+19.2 59.9+26.4 <0.001*
Time to first peritonitis (months) 10.845.3 42.8+19.9 <0.001*
Diabetes mellitus 25 (40.3) 13 (21.0) 0.02*
Hypertension 54 (87.1) 53 (85.5) 0.79
Cardiovascular disease 16 (25.8) 10 (16.1) 0.19
Serum albumin (g/dL) 3.4+0.7 3.5+0.7 0.31
Hemoglobin (g/dL) 1.7+1.4 8.0+1.7 0.33
HbA1C (%) 6.6+1.6 5.9+1.5 0.18
Calcium (mg/dL) 7.8+1.1 7.7+1.1 0.67
Phosphorous (mg/dL) 6.7+2.5 7.1+2.3 0.42
Cholesterol (mg/dL) 193.4471.1 184.1+60.4 0.51
Triglyceride (mg/dL) 192.14£303.7 165.1+£115.2 0.58
BUN (mg/dL) 111.4%37.9 122.9+45.1 0.14
Creatinine (mg/dL) 11.2+4.0 13.8+6.0 0.005*
Baseline PET and PD adequacy

Peritoneal Kt/V urea 1.6+0.4 1.7+0.4 0.76

Renal Kt/V urea 0.6+0.3 0.6+0.4 0.95

Total Kt/V urea 2.2+0.5 2.7£3.2 0.30

Peritoneal CCr (L/week) 40.8+7.7 41.6+10.2 0.70

Renal CCr (L/week) 30.9+22.2 32.1+25.0 0.81

Total CCr (L/week) 71.8+23.2 73.7+26.6 0.71

Residual GFR (mL/min/1.73m?) 2.6%1.7 2.7+2.1 0.86

nPNA (g/kg/day) 1.1+0.4 1.1+0.3 0.99
Creatinine D/P 4-hour 0.44

PD = peritoneal dialysis; BUN = blood urea nitrogen; PET = peritoneal equilibration test; CCr = creatinine clearance; GFR = glom-
erular filtration rate, estimated by the average of renal BUN and creatinine clearance; nPNA = normalized protein equivalent of
total nitrogen appearance; D/P = dialysate to plasma ratio.
The median of time to first episode of peritonitis (20.28 months) was used to categorize patients into early peritonitis group
(<20.28 months) or late peritonitis group (>20.28 months).
Values are expressed as mean + SD or number (percentage).
Educational level was stratified asilliteracy, junior high school, senior high school, or above college.

* p<0.05.
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educational level, BMI, icodextrin prescription, hyper- episodes (25.8%) were due to gram-negative organisms,
tension, cardiovascular disease, serum level of albumin, 78 episodes (41.1%) due to gram-positive organisms and 39
hemoglobin, HbAlc, calcium, phosphorus, cholesterol, episodes (20.4%) culture-negative. Gram-positive organ-
triglyceride, blood urea nitrogen (BUN) and PD-related isms were the most common isolates, comprising 45.1%,
parameters between the EP and LP groups. At the end of whereas gram-negative organisms comprised 34.4% ofthe
the observation period, 39 patients (31.5%) were still organisms with Escherichia coli being the most common
on CAPD, 27 (21.8%) died, 53 (42.7%) switched to HD, pathogen (16.7%). Fungal organisms comprised 2.3%
and 5 (4%) received renal transplantation. Furthermore, and no mycobacterium species were isolated. Finally, 39
the EP group had more death events and fewer switches episodes of peritonitis remained culture-negative.

to HD than the LP group (29% vs 14.5%, p=0.05; 32.3%

vs 53.2%, p =0.02, respectively). No significant differ- THE INFLUENCE OF TIME TO FIRST PERITONITIS ON TECHNIQUE
ences were noted between the EP group and LP group SURVIVAL, PATIENT SURVIVAL AND “STAY ON PD”

in terms of continuing PD and undergoing renal trans-

plantation (32.3% vs 30.7%, p = 0.85; 6.5% vs 1.6%, Technique survival: Figure 1A describes technique

p =0.36, respectively). survival using the Kaplan-Meier method. LP patients

There were 190 episodes of peritonitis with 215 organ- had longer technique survivalthan EP patients (log-rank
isms isolated during the observational period. Table 2 test, p =0.04). In a univariate Cox regression analysis,
shows the microbiologic spectrum for early peritonitis the LP group had a 45% reduction in technique failure
and late peritonitis patients. Streptococcus species were compared with the EP group (HR 0.55; 95% (I 0.31 -
the more common organisms isolated in the EP group 0.96, p =0.04; Table 3). After controlling for icodextrin
compared to thosein the LP group (p=0.03). Moreover, 49 prescription, there was a 46% reduction in technique

TABLE 2
Details of Causative Organisms of Peritonitis from 2001 to 2010
Episodes of peritonitis (n=190) Organisms isolated (n=215)
Early Late Early Late
peritonitis peritonitis peritonitis peritonitis
patients patients patients patients
(n=91) (n=99) (n=102) (n=113)
n % n % p n % n % p
Gram-positive organisms 36 39.6 42 42.2 0.69 46 45.1 51 45.1 0.99
Staphylococcus aureus 0 0.0 7 7.1 0.01* 1 1.0 7 6.2 0.07
Coagulase-negative 1 12.1 13 131 0.83 13 12.8 15 13.3  0.91
staphylococcus
Streptococcus species 20 22.0 10 10.1 0.02* 24 23.5 14 12.4 0.03*
Enterococcus species 2 2.2 3 3.0 1.00 4 3.9 4 3.5 1.00
Other gram-positives 3 3.3 9 9.1 0.10 4 3.9 1 9.7 0.09
Gram-negative organisms 29 31.9 20 20.2 0.06 39 38.2 35 31.0 0.26
Escherichia coli 1 11 1 1.0 1.00 1 1.0 3 2.7 0.62
Pseudomonas species 4 4.4 3 3.0 0.71 5 4.9 4 3.5 0.74
Klebsiella species 1 11 0 0.0 0.48 1 1.0 0 0.0 0.47
Serratia species 6 6.9 3 3.0 0.32 13 12.8 8 7.1 0.16
Acinetobacter species 16 17.6 11 11.1 0.20 18 17.7 18 15.9 0.74
Other gram-negatives 1 1.1 2 2.0 1.00 1 1.0 2 1.8 1.00
Multiple organisms 9 9.9 12 121 0.62 — — — —
Fungi 2 2.2 1 1.0 0.61 2 2.0 3 2.7 1.00
Mycobacterium 0 0.0 0 0.0 - 0 0.0 0 0.0 -
tuberculosis

Culture negative 15 16.5 24 24.2 0.19 15 14.7 24 21.2 0.21

Early peritonitis patients: time to first peritonitis <20.28 months.

Late peritonitis patients: time to first peritonitis >20.28 months.

*p<0.05.
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failureinthe LP group as compared with the EP group (p =
0.04; Table 3). Of the 53 patients switching to HD (20 in
the EP group, 33 in the LP group), peritonitis (13 in the
EP group, 27 in the LP group) and ultrafiltration failure
(3inthe EP group, 2in the LP group) were the two most
common causes (65% vs 81.8%, p =0.2; 15% vs 6.1%,
p = 0.35, respectively). The other causes of technique
failureincluded dialysis inadequacy (2 in the EP group),
operational or mechanical problems (2 in the EP group,
4in the LP group).

Analyses were repeated with the time to first perito-
nitis as a continuous variable. The longer time to first
peritonitis was associated with decreased risk of tech-
nique failure in the unadjusted model (HR per 1-month
increase in the time to first peritonitis, 0.98; 95% (I,
0.97 - 0.99, p=0.02) or fully adjusted model (HR 0.98;
95% (I, 0.97 0.99, p =0.002).

Patient survival: The patient survival was 46.51+3.01
months for the EP patients and 61.78+1.29 months for
the LP patients. The Kaplan-Meier analysis revealed
that LP patients were significantly associated with bet-
ter patient survival than EP patients (log-rank test, p <
0.001; Figure 1B). Infection was the leading cause of
patient mortality (9 in the EP group, 7 in the LP group;
50%vs 77.8%, p=0.23)in the whole cohort (n=124). The
other causes of patient mortalityincluded cardiovascular
disease (8inthe EP group), neurological events (1inthe
EP group), malignancy (1in the LP group) and cachexia
(1in the LP group). In the multivariate Cox regression
model, the LP group was associated with a 66% reduc-
tionin patient mortality compared with the EP group (HR
0.34;95% (1 0.13 - 0.92, p =0.03; Table 3).

Analyses were repeated with the time to first perito-
nitis as a continuous variable. The longer time to first
peritonitis was associated with decreased risk of patient
mortality in the unadjusted model (HR per 1-month
increase in the time to first peritonitis, 0.96; 95% (I,
0.93-0.98, p<0.001) or fully adjusted model (HR 0.97;
95% (I, 0.95-0.99, p=0.02).

“Stay on PD” survival: The “stay on PD” survival (the
combined endpoint of patient survival and technique
survival) was 39.64+3.73 months for EP patients and
67.8+4.22 months for LP patients. The Kaplan-Meier
analysis for “stay on PD” survival for the EP and LP
patients is depicted in Figure 1C. The LP patients were
significantly associated with higher probability of “stay
on PD” than the EP patients (log-rank test, p < 0.001).
Using a univariate Cox regression analysis, the LP group
was associated with a 60% reduction in “dropout from
PD” compared with the EP group (HR 0.40; 95% CI
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Figure 1 — Kaplan-Meier survivalanalysis of clinical outcomes
according to the timing of the first peritonitis episode.
(A) technique survival (p = 0.04); (B) patient survival (p <
0.001); (C) stay on PD (p<0.001). Stay on PD is the combined

end point of technique survival and patient survival. PD =
peritoneal dialysis.

0.25 - 0.64, p < 0.001; Table 3). In the multivariate
Cox regression analysis adjusted for age, icodextrin
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TABLE 3
Cox Proportional Hazard Model for Clinical Outcomes
Univariate Multivariate
HR (95% CI) p HR (95% CI) p
(A) Technique failure
Time to first peritonitis (LP vs EP) 0.55 (0.31-0.96) 0.04 0.54 (0.30-0.98) 0.04
Icodextrin use 0.18 (0.08-0.39)  <0.001 0.18 (0.08-0.39)  <0.001
(B) Patient mortality
Time to first peritonitis (LP vs EP) 0.2 (0.08-0.50)  <0.001 0.34 (0.13-0.92) 0.03
Age 1.08 (1.05-1.11)  <0.001 1.06 (1.02-1.10) 0.003
Diabetes mellitus 3.53 (1.64-7.61) 0.001 2.03 (0.67-6.18) 0.21
Cardiovascular disease 2.33 (1.01-5.38) 0.05 0.93 (0.27-3.18) 0.91
Albumin 0.38 (0.21-0.71) 0.002 0.57 (0.22-1.44) 0.23
CaxP 0.97 (0.94-1.00) 0.04 0.98 (0.96-1.01) 0.27
(C) Dropout from PD
Time to first peritonitis (LP vs EP) 0.4 (0.25-0.64)  <0.001 0.50 (0.30-0.82) 0.006
Age 1.02 (1.003-1.04) 0.02 1.02 (1.00-1.04) 0.03
Icodextrin use 0.33 (0.19-0.57)  <0.001 0.25 (0.14-0.44)  <0.001
Diabetes mellitus 2.32 (1.45-3.73)  <0.001 1.78 (1.05-3.04) 0.03
Albumin 0.7 (0.50-0.98) 0.04 0.68 (0.47-0.98) 0.04

HR = hazard ratio; CI=confidence interval; LP = late peritonitis group; EP = early peritonitis group; BMI=body massindex; GFR =

glomerular filtration rate; D/P = dialysate to plasma ratio.

Note: The analyzed variablesincluded time to first peritonitis, gender, age, BMI, icodextrin use, diabetes mellitus, hypertension,
cardiovascular disease, serum albumin, Ca x P, total Kt/V urea, residual GFR and D/P (creatinine).

prescription, diabetes mellitus and serum albumin, the
LP group was still associated with a 50% reduction in
“dropout from PD” compared with the EP group (HR 0.50;
95% C10.30 - 0.82, p=0.006; Table 3).

Analyses were repeated with the time to first perito-
nitis as a continuous variable. The longer time to first
peritonitis was associated with decreased risk of drop-
out from PD in the unadjusted model (HR per 1-month
increase in the time to first peritonitis, 0.98; 95% (I,
0.97 - 0.99, p=0.02) or fully adjusted model (HR 0.98;
95% CI, 0.97 - 0.99, p = 0.001).

THE CORRELATION OF PERITONITIS RATE WITH TIME TO FIRST
PERITONITIS BY SPEARMAN'’S CORRELATION TEST

Peritonitis rate wasinversely correlated with the time
to first peritonitis for the whole cohort, for both EP
patients and LP patients (r=-0.64, r=-0.31, r =-0.60,
p <0.001, respectively).

DISCUSSION

Peritonitis is one of the major complications of PD
and, despite reductions in overall peritonitis rates,
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remains the primary reason patients switch from PD to
HD. In the present study, we analyzed the data of CAPD
patients complicated by peritonitis and found that the
timing of the first peritonitis episode was anindependent
predictor of technique failure, all-cause mortality, and
dropout from PD.

Nowadays, the focus has been on strategies to improve
peritonitis outcomesin addition to lowering the peritoni-
tisincidence. Prognostic factors for peritonitis outcome
have been found to include age, gender, race, diabetes,
residual renal function, time on PD, concurrent exit-site
infection, cytokines, inflammatory markers, albumin,
causative organisms, recentantibiotic therapy and recur-
rent peritonitis, some of which have been contradictorily
reported in the literature (20-26). Awareness of these
risk factors can influence decision-making during the
treatment of peritonitis, and, on the basis of this motiva-
tion, we are able to identify early peritonitis occurrence
as a risk factor for long-term outcomes in this study.

Peritonitis is associated with significant morbidity, PD
catheter loss, and switch to HD, transient or permanent
ultrafiltration failure, possible permanent membrane
damage, and even death (27-29). Reports from the
United States have also shown that the mortality rate
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directly from peritonitis is less than 5% and related to
specific pathogens (4,5). In one retrospective Spanish
study of 565 patients, 41 of the observed 693 episodes
of peritonitis resulted in death (5.9%) (28). Similarly
for our cohort, peritonitis resulted in death in 4.2%
of the episodes (8 died out of 190 episodes), which
is also comparable to that reported in other studies
(1-6%) (30,31).

Peritonitis was attributed as the cause of technique
failurein 42.6% of adult PD patientsin a nationwide audit
in Scotland, matching the 41.7% figure for a London-
based study (2,3).Ina furtherstudy conductedin Japan,
the major reason for the transfer to HD from 2005 to
2007 in the Tokai area was peritonitis (27%), followed
by dialysis failure (21.3%) (32). Of the 391 incident CAPD
patients during the 10-year observation period in our
unit, among the 92 patients switching to HD, 42 of the
cases (45.7%) were due to peritonitis.

Peritonitis rate is always chosen as an independent
factor for the study of the impact of peritonitis on PD
outcomes. However, to date there have been few stud-
ies conducted investigating the role of the timing of the
first peritonitis espisode in CAPD. A Greek study of 47
CAPD orautomated peritoneal dialysis (APD) patients by
Fourtounas et al. reported that patients who developed
peritonitis during the first year after starting PD were
more prone to not only repeated episodes of peritonitis
but also decreased technique survival compared with
those presenting with the first peritonitis episode after
at least 24 months on PD (33). The mean overall time to
the first episode of peritonitis after commencement of
PD was 26.4 + 22 months in the entire cohort, similar to
thatin our study (26.8 £ 21.6 months). Fourtounas et al.
also found that the early occurrence of peritonitis in PD
patients was usually caused by gram-positive organisms,
presumably due to mistakes during connection. Another
retrospective Canadian study compared technique
and patient outcomes between early-onset peritonitis
(defined as peritonitis occurring within 3 months of PD
catheter implantation) and a matched control group of
PD patients (34). They observed that the early-onset
cohort was younger and had a higher peritonitis rate
than the control group, with gram-positive organisms,
particularly coagulase-negative staphylococci, being
the most common causative agents. The dropout rate of
PDin the early-onset group was almost twice that of the
control group. In our study, Streptococcus species were
the more common organismsin the EP patients compared
with the LP patients (p =0.03). EP patients were signifi-
cantly older, had a higher rate of peritonitis incidence,
technique failure, patient mortality, and dropout than
the LP patients.
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On the other hand, the direct correlation between
time to first peritonitis and PD-related clinical outcomes,
including technique survival, dropout from PD, and
patient survival, has never been reported. The strong
correlation between peritonitis rate and time to first
peritonitis by Spearman analysis showed that late peri-
tonitis onset is associated with a low peritonitis rate.
Indeed, a high peritonitis rate is conducive to adverse
outcomes, as is attested in the literature. For example,
peritonitis rate was a predictor for mortality in whites
(p=0.005), non-diabetes (p=0.006), and those over the
age of 60 (p=0.009) (30) and for every 0.5 episodes per
yearincreasein the peritonitis rate, the risk of mortality
increased 10% in whites, 4%in non-diabetes and 11%in
those overtheage of 60. Ina Spanish study, theincidence
of peritonitis was a strong predictor of peritonitis-related
death and showed a cleartrend to predict overall mortal-
ity (28). Peritonitis rate also predicted technique failure
and mortality in a Turkish report (RR =3.22, p <0.001;
RR=1.87, p<0.001, respectively) (29). This phenomenon
between the timing of the first peritonitis episode and
peritonitis rate could partly explain why patients with
late peritonitis are linked with better patient survival,
technique survival, and stay on PD compared with those
with early onset.

Elderly patients with ESRD have a much greater disease
burden than younger patients. The age-related comor-
bidities include impaired vision, deafness, immobility,
cognitive problems and depression due to loss of inde-
pendence or bereavement (35). They are often socially
isolated, livein pooraccommodations, and have financial
problems. The finding of early peritonitis occurrence
in elderly patients may be related to an increased risk
of inadvertent microbial contamination during CAPD
exchanges due to poor visual acuity or impaired dexter-
ity in the absence of assistance. Diabetes mellitus is
associated with faster decline of residual renal function
in PD patients (36-38). When residual renal function
declines, the dialysis adequacy may be maintained only
by more exchanges (enhancing the risk of peritonitis) or
increased fill volumes. In addition, altered immunity of
peritoneal defensesin diabetesis evidenced by impaired
migration of phagocytes into the peritoneum and sup-
pression of phagocytosis by advanced glycation end prod-
ucts (39). Furthermore, intestinal bacterial overgrowth
due to low intestinal motility or slower colonic transit
in diabetes may also increase the risk of peritonitis. The
above reasons or mechanisms could partly explain why
the early peritonitis group tended to be elderly and more
diabeticin our study.

We also recognize the limitations of our study. First,
although the analytic model incorporated several
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potentially important factors implicated with clinical
outcomes, we can not exclude the possibility of residual
confounding from variables not included in the pres-
ent study, such as socioeconomic condition, the rate of
decline of residual renal function, and the distance from
the center. Second, our single-center study results can-
not be extrapolated to other centers until confirmed by
a study of a sufficiently large sample size. These findings
may not be applied to other patient populations.

In conclusion, to the best of our knowledge, this
study is the largest to explore the relationship between
the timing of the first peritonitis episode and outcomes
in CAPD patients with peritonitis. We demonstrate that
the time to first peritonitis is an important predictor
for technique survival, patient survival and stay on PD
forincident CAPD patients. The EP patients tended to be
elderly, have diabetes mellitus and lower serum creati-
nine levels at enrollment compared to the LP patients.
Furthermore, patients with early peritonitis onset had a
high peritonitis rate. Training by nurses with advanced
experience predicted the longest period free of first-
episode gram-positive peritonitis (10). Early identifica-
tion of patients at risk for early peritonitis, such as the
diabetic or elderly, coupled with intensive and detailed
training and additional support, may be the solution for
preventing PD withdrawaland improving patient survival.
Whether switching early peritonitis patients to HD leads
to better outcomes, as compared with those remaining on
CAPD, still needs to be investigated in the future.
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