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Background: Peritoneal dialysis (PD) is improving as a renal replacement therapy for end-stage renal disease (ESRD) patients. We 
analyzed the main outcomes of PD over the last three decades at a single large-scale PD center with an established high-quality care 
system. 
Methods: As a retrospective cohort study, we included participants (n = 1,203) who began PD between 1990 and 2019. Major 
PD-related outcomes were compared among the three 10-year cohorts.  
Results: The 1,203 participants were 58.3% male with a mean age of 47.9 ± 13.8 years. The median PD treatment duration was 45 
months (interquartile range, 19–77 months); 362 patients (30.1%) transferred to hemodialysis, 289 (24.0%) received kidney trans-
plants, and 224 (18.6%) died. Overall, the 5- and 8-year adjust patient survival rates were 64% and 49%, respectively. Common caus-
es of death included infection (n = 55), cardiac (n = 38), and cerebrovascular (n = 17) events. The 5- and 8-year technique survival 
rates were 77% and 62%, respectively, with common causes of technique failure being infection (42.3%) and solute/water clearance 
problems (22.7%). The 5-year patient survival significantly improved over time (64% for the 1990–1999 cohort vs. 93% for the 
2010–2019 cohort). The peritonitis rate also substantially decreased over time, from 0.278 episodes/patient-year (2000–2004) to 
0.162 episodes/patient-year (2015–2019). 
Conclusion: PD is an effective treatment option for ESRD patients. There was a substantial improvement in the patient survival and 
peritonitis rates over time. Establishing adequate infrastructure and an effective system for high-quality PD therapy may be warranted 
to improve PD outcomes.
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Introduction

The global incidence of end-stage renal disease (ESRD) is 

rapidly increasing, which poses a major burden on health-

care systems around the world [1]. To date, no definitive ran-

domized clinical trials have been conducted on peritoneal 

dialysis (PD) and in-center hemodialysis (HD) [2]. However, 

several observational studies have reported comparable or 

better survival [3–5] in patients with PD, particularly during 

the first 2 years after dialysis initiation. Additionally, PD has 

been associated with better preservation of residual renal 

function [6], improved cognition [7], a higher likelihood of 

retaining employment [8], and improved health-related 

quality of life (HRQOL) [9]. The Centers for Medicare and 

Medicaid Services in the United States has acknowledged 

these benefits of PD relative to HD and has also implement-

ed the ESRD prospective payment system, which incentiv-

izes PD treatment by bundling dialysis, medications, and 

other related services into a single payment [10]. 

However, despite its numerous clinical benefits, PD is still 

underutilized globally [11]. PD underuse may be attributable 

to the misconception that PD is inferior to HD [12] and also 

inadequate PD training of the nephrologists [13,14]. These 

factors lead patients to have less confidence in self-care and 

also in their ability to prepare for renal replacement therapy 

(RRT) initiation.

The major outcomes of PD (such as patient survival, tech-

nique survival, and peritonitis) vary widely depending on 

sociodemographics [15–17], race [18], center size [19,20], 

and center experience [21]. We conducted this retrospective 

cohort study to investigate the secular changes in major out-

comes of incident PD patients over the last three decades at 

a single large PD center. We also explored recent advances in 

PD therapy and evaluated how our center’s ongoing efforts 

to improve quality have translated into improved outcomes 

over time.

Methods

Study design and population

This was a single-center retrospective cohort study from 

the Seoul National University Hospital (SNUH) PD Cen-

ter in Seoul, Korea. The SNUH PD Center launched its PD 

program in the late 1980s. It is currently one of the largest 

PD centers in Korea and treats >1,300 cumulative and >300 

prevalent PD patients. Clinical data from all incident PD 

patients since 1990 were collected. In 2000, the SNUH PD 

registry was established to prospectively collect patient in-

formation including age, sex, socioeconomic status, any pre-

vious RRT, comorbidities, biochemistry, peritoneal function 

test results, PD adequacy, PD-related infections, technique 

failure and its cause, and death. 

The SNUH PD Center began a multidisciplinary predial-

ysis education (MPE) program for chronic kidney disease 

(CKD) in 2002 to provide detailed information on diet, med-

ication, and modality selection for advanced CKD patients 

who were expected to begin RRT within the next 6 months 

[22]. During the break-in period after PD catheter implan-

tation, all patients and their caregivers were given intensive 

one-on-one education and training for PD exchange proce-

dures, exit-site care, and self-management by professionally 

trained nurses [23]. After PD initiation, the participants were 

scheduled to visit the PD center regularly each 1 to 3 months 

for an evaluation and to receive prescriptions. They were 

also offered regular home visits for retraining at home [24], 

where most of the PD fluid exchanges and self-care proce-

dures are carried out. To minimize inter-individual variation 

between the treating nephrologists and to facilitate com-

munication within the PD team, we established a standard 

operating procedure for PD treatment and care. Regular 

monitoring and continuous quality improvement have been 

conducted across diverse areas, such as PD-related infec-

tions, dialysis adequacy, blood pressure control, fluid over-

load, technique failure, and mortality. 

For this study, we included incident PD patients 18 years 

or older who began PD as their first RRT between 1990 and 

2019. The participants who were transferred from other 

PD centers or transferred to PD treatment from other RRT 

modalities were excluded. Patients who underwent PD for 

less than 3 months were also excluded. Comorbidities were 

evaluated using the Davies comorbidity score, including 

ischemic heart disease, peripheral vascular disease, left 

ventricular dysfunction, malignancy, diabetes mellitus 

(DM), systemic collagen vascular disease, and others. The 

comorbidity score was categorized into three risk groups: 

low, a score of 0; medium, a score from 1 to 2; and high, 

a score of ≥3 [25]. Cardiovascular disease was defined as 

a composite event of ischemic heart disease, peripheral 

vascular disease, left ventricular dysfunction, and cerebral 
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vascular abnormality. 

The study was approved by the Ethical Committee of 

Seoul National University Hospital (NO. H-2004-222-1119), 

and informed consent was waived because of the retrospec-

tive study design. Personal information was de-identified 

prior to our analyses. All clinical research processes were 

conducted in accordance with the guidelines of the 2008 

Declaration of Helsinki. 

Outcome measures

All patients were categorized into three cohorts based on 

the year in which they began receiving PD; 1990–1999, 

2000– 2009, or 2010–2019, with the 1990–1999 cohort being 

the reference group. The participants were followed until 

the time of their death, their transfer to another RRT, their 

transfer to another hospital, or until December 31, 2019, 

whichever occurred first. The primary outcome among all 

cohort groups was the all-cause mortality, which was an-

alyzed using an as-treated approach. For patient survival, 

the patients were censored at the time of loss to follow-up 

or 90 days after they switched to HD or received a kidney 

transplant. Deaths within 90 days after a modality switch 

were also considered to be PD-related. Specific causes of 

death were compared among the three cohort groups. For 

cause-specific death analysis, deaths related to other causes 

were censored for analysis. 

Secondary outcomes were technique failure and peritoni-

tis incidence. A PD technique failure was defined as a trans-

fer to HD for >3 months for any reason, including infection, 

catheter-related problems, solute/water clearance problems, 

peritoneal leaks or hernias, psychosocial or medical issues, 

the risk of encapsulating peritoneal sclerosis (EPS), a diag-

nosis of EPS, and others. Deaths related to peritonitis, sol-

ute/water clearance problems, and an EPS risk or diagnosis 

were also regarded as technique failures. However, tempo-

rary HD (<90 days) was not regarded as a technique failure. 

Defining specific causes of technique failure followed a stan-

dardized classification recently suggested by the Peritoneal 

Dialysis Outcomes and Practice Patterns Study (PDOPPS) 

[26]. For technique failure, the participants were censored at 

the time of kidney transplantation, unrelated death, transfer 

to another center, or at the end of the observation period 

(December 31, 2019). Any diagnosis of PD-related peritoni-

tis followed the International Society for Peritonitis Dialysis 

(ISPD) guidelines [27]. Incidences of peritonitis associated 

with a specific causative microorganism were also evaluated. 

Detailed information on peritonitis was available from 2000 

onwards in our registry dataset.

Statistical analyses

Categorical variables were presented as frequencies and 

percentages, and these values were compared using a chi-

square test. Age was categorized into three groups (18–40, 

41–60, and >60 years). The crude survival and adjusted sur-

vival rates were estimated with a Cox proportional hazard 

model, and then adjustments were made with independent 

variables that were significant in the univariate analyses or 

with clinically relevant variables. For cause-specific mortal-

ity estimates, unrelated deaths were censored. We analyzed 

the trends of the peritonitis incidence and cause-specific 

peritonitis cases during each 5-year period as follows: 2000–

2004, 2005–2009, 2010–2014, and 2015–2019. The peritonitis 

incidences were presented as episodes per patient-year at 

risk. SAS version 9.4 (SAS Institute, Cary, NC, USA) and IBM 

SPSS version 25.0 (IBM Corp., Armonk, NY, USA) were used 

for the statistical analyses. R version 3.6.3. (R Foundation for 

Statistical Computing, Vienna, Austria) was used for draw-

ing plots. The p-values of <0.05 were considered statistically 

significant.  

Results

Trends in the number of incident peritoneal dialysis pa-
tients

Since the MPE program was introduced at Seoul National 

University Hospital in 2002, the number of patients who 

have chosen PD as their initial RRT has increased at our PD 

center (Supplementary Fig. 1, available online). Among all 

participants who began PD at our center from 1990 to 2019 

(n = 1,307), we excluded the following patients; those who 

withdrew within 3 months (n = 76), recovered their renal 

function (n = 4), or were <18 years old (n = 24) (Fig. 1). Final-

ly, we analyzed 1,203 participants. Of these, 289 underwent 

transplantation, 362 converted to HD, 224 died during PD, 

and 225 remained on PD. Six patients who switched to HD 

died within 3 months after they transferred to HD.
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The demographics and baseline characteristics of the 
three incident cohorts

Table 1 shows the baseline characteristics of each cohort. 

The overall mean age was 47.9 ± 13.8 years (58.3% male and 

28.9% with DM). The median duration of PD treatment was 

45 months (interquartile range, 19–77 months). Participants 

aged from 41 to 60 years accounted for 46.6% of the total 

study population. The number of participants who started 

PD between the ages of 18 and 40 years increased over time. 

According to the Davies comorbidity scores, 38.7% and 5.9% 

were at medium and high risk, respectively.

Figure 1. Flowsheet of the patient selection process for analysis. 
HD, hemodialysis; PD, peritoneal dialysis.

Patients catheterized at our PD center (1990–2019)
(n = 1,307)

Eligible for analysis
(n = 1,203)

Death within 3 mo
(n = 6, 1.7%)

Remaining on PD
(n = 225, 18.7%)

Renal transplantation
(n = 289, 24.0%)

Transfer to HD
(n = 362, 30.1%)

Death during PD
(n = 224, 18.6%)

Drop out
(n = 103, 8.6%)

Exclusion
Withdrawn within 3 mo (n = 76)
Recovered renal function (n = 4)

<18 yr old (n = 24)

Table 1. Baseline patient characteristics 
Characteristic Total 1990–1999 2000–2009 2010–2019 p-value p for trend

No. of patients 1,203 270 481 452

Age (yr) 0.02 0.006

 18−40 390 (32.4) 74 (27.4) 150 (31.2) 166 (36.7)

 41−60 560 (46.6) 137 (50.7) 215 (44.7) 208 (46.0)

 >60 253 (21.0) 59 (21.9) 116 (24.1) 78 (17.3)

Male sex 701 (58.3) 163 (60.4) 289 (60.1) 249 (55.1) 0.23 0.12

Diabetes mellitus 345 (28.9) 58 (21.7) 165 (34.3) 122 (27.3) 0.001 0.31

Hypertension 877 (73.3) 59 (22.1) 446 (92.7) 372 (82.9) <0.001 <0.001

Cardiovascular disease 216 (18.1) 12 (4.5) 144 (29.9) 60 (13.4) <0.001 0.13

Davies comorbidity score <0.001 0.06

 Low risk (0) 580 (55.4) 69 (59.0) 236 (49.1) 275 (61.1)

 Medium risk (1, 2) 405 (38.7) 48 (41.0) 199 (41.4) 158 (35.1)

 High risk (≥3) 62 (5.9) 0 (0) 45 (9.4) 17 (3.8)

Data are expressed number only or number (%).
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Patient survival

A total of 230 patients (19.1%) died during the follow-up pe-

riod. Common causes of death were infection (n = 55), car-

diac disease (n = 38), and cerebrovascular disease (n = 17) 

(Table 2). The number of deaths due to cardiac disease and 

infection decreased from the 1990–1999 to the 2010–2019 

cohort. Overall, the 5- and 8-year crude survival rates were 

64% and 49%, respectively. The 5-year patient survival rate 

improved substantially over time (64% for the 1990–1999 

cohort vs. 93% for the 2010–2019 cohort) (Table 3, Fig. 2). 

Adjusted survival data also showed the same pattern. We an-

alyzed the trend of patient survival in participants who con-

tinued PD for more than 5 years, and this group also demon-

strated similar results (Supplementary Table 1, available 

online). Compared to the 1990–1999 cohort, the risk of all-

cause mortality decreased by 58.0% for the 2000–2009 cohort 

and by 82.6% for the 2010–2019 cohort (multivariable mod-

el) (Table 4). Compared to the 1990–1999 cohort, the risks 

of death from peritonitis and cardiac death were reduced 

by 77.1% and 64.3%, respectively, in the 2010–2019 cohort 

(multivariable model) (Table 4). We performed subgroup 

analyses stratified by age (18–40, 41–60, or >60 years), sex 

(male or female), DM (yes or no), and Davies comorbidity 

scores (0 or >0). For each stratum, we analyzed the risk of all-

cause mortality for the 2010–2019 cohort compared with the 

1990–1999 cohort. Overall, for all the subgroup strata with 

the exception of the younger patients (18–40 years), the risk 

of all-cause death was significantly lower for the 2010–2019 

cohort compared with the 1990–1999 cohort (Fig. 3).

Technique survival

A total of 397 (33.0%) patients experienced PD technique 

failure. Among these patients, the median elapsed times to 

technique failure were 3.5, 3.9, and 3.6 years for the 1990–

1999, 2000–2009, and 2010–2019 cohorts, respectively. The 

5-year technique survival did not improve over time (77% 

vs. 71%; Fig. 2). Compared with the 1990–1999 cohort, the 

risk of technique failure was higher in the 2000–2019 cohort  

(Table 5). However, there was no difference in risk between 

the 2000-2009 and 2010-2019 cohorts. Common causes of 

technique failure were infection-related technical failures 

(42.3%) and problems with solute/water clearance (22.7%) 

(Table 6). Over time, the proportion of infection-related 

technical failures decreased from 56.1% to 36.8%, while the 

proportion of solute/water clearance problems and psy-

chosocial/medical technique failures increased from the 

1990–1999 cohort to the 2010–2019 cohort.  

Table 2. Causes of death
Variable Total 1990–1999 2000–2009 2010–2019

Death/patient 230/1,203 112/270 94/481 24/452

Cardiac disease 38 (3.2) 14 (5.2) 17 (3.5) 7 (1.5)

Cerebrovascular disease 17 (1.4) 7 (2.6) 8 (1.7) 2 (0.4)

Infection 55 (4.6) 21 (7.8) 28 (5.8) 6 (1.3)

Malignancy 6 (0.5) 3 (1.1) 2 (0.4) 1 (0.2)

Sudden death 4 (0.3) 0 (0) 2 (0.4) 2 (0.4)

Others 17 (1.4) 5 (1.9) 9 (1.9) 3 (0.7)

Unknown causes 93 (7.7) 62 (23.0) 28 (5.8) 3 (0.7)

Data are presented as number only or number (%); the % is the ratio to the number of participants in each cohort.

Table 3. Patient survival rates by cohort

Year of cohort
Crude survival Adjusted survivala

Five-year survival (%) Eight-year survival (%) Five-year survival (%) Eight-year survival (%)

1990–1999 64 49 75 60

2000–2009 82 72 89 81

2010–2019 93 89 95 91

Overall 64 49 80 66
aAdjusted for age, sex, and diabetes mellitus status.
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Figure 2. Survival rates by cohort. (A) The crude patient survival rate. (B) The adjusted patient survival rate. (C) The crude technical sur-
vival rate. (D) The adjusted technical survival rate. The adjusted survival rate was adjusted for age, sex, and diabetes mellitus status.
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Table 4. The risk of all-cause mortality and cause-specific mortality by cohort  

Year of cohort
Univariable Multivariablea

HR (95% CI) p-value HR (95% CI) p-value

Risk of all-cause death

 1990–1999 1 (Reference) 1 (Reference)

 2000–2009 0.46 (0.35–0.61) <0.001 0.42 (0.32–0.55) <0.001

 2010–2019 0.16 (0.10–0.25) <0.001 0.17 (0.11–0.27) <0.001

Risk of death from peritonitis

 1990–1999 1 (Reference) 1 (Reference)

 2000–2009 0.68 (0.32–1.46) 0.33 0.54 (0.25–1.17) 0.12

 2010–2019 0.24 (0.07–0.85) 0.03 0.23 (0.06–0.83) 0.03

Risk of cardiac death

 1990–1999 1 (Reference) 1 (Reference)

 2000–2009 0.65 (0.32–1.32) 0.23 0.59 (0.29–1.20) 0.15

 2010–2019 0.33 (0.13–0.82) 0.02 0.36 (0.14–0.89) 0.03

CI, confidence interval; HR, hazard ratio.
aAdjusted for age, sex, and diabetes mellitus status.

Peritonitis

There were 879 episodes of peritonitis from 2000 until 

2019 (overall incidence, 0.193 episodes per patient-year). 

Over time, the incidence of peritonitis significantly de-

creased from 0.278 episodes per patient-year in 2000–2004 

to 0.162 episodes per patient-year in 2015–2019 (Fig. 4A). 

For cause-specific peritonitis, the incidence due to coagu-
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lase-negative Staphylococcus increased slightly in the 2010s 

but decreased remarkably in general. In contrast, the inci-

dence of peritonitis associated with enteric gram-negative 

organisms (such as Escherichia coli and others) did not 

change (Fig. 4B).

Discussion

The temporal trend of PD outcomes in this study showed 

that the patient survival and the peritonitis rates have signifi-

cantly improved over the last 30 years at our PD center. As 

Figure 3. Stratified subgroup analysis for the risk of all-cause death for the 2010–2019 vs. the 1990–1999 cohort. For the Davies 
comorbidity score, ‘0’ denotes low risk, while ‘>0’ denotes a medium or high risk.

Diabetes mellitus

Age (yr)

Sex

Davies comorbidity score

No

Yes

0.001

0.80

0.20

0.04

18–40

41–60

>60

Male

Female

0

>0

p for interaction

–1 –0.5 0 0.5 1 1.5

Table 5. Risk of technique failure by cohort

Year of cohort
Univariable Multivariablea

HR (95% CI) p-value HR (95% CI) p-value

1990–1999 1 (Reference) 1 (Reference)

2000–2009 1.41 (1.08–1.85) 0.01 1.41 (1.07–1.85) 0.01

2010–2019 1.46 (1.08–1.96) 0.01 1.52 (1.12–2.05) 0.007

CI, confidence interval; HR, hazard ratio.
aAdjusted for age, sex, and diabetes mellitus status.

Subgroup categories

Hazard ratio (95% confidence interval)
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shown in Fig. 3, the survival improvement for the 2010–2019 

cohort was significant among middle-aged and elderly pa-

tients regardless of sex, DM status, or comorbidity score. In 

particular, the adjusted patient survival rates for the 2010–

2019 incident cohort at our center were 95% after 5 years and 

91% after 8 years, which are far superior to any outcomes 

recently reported for any other institution [28–33]. 

The two most common causes of death in our study were 

cardiac disease and infection, including peritonitis. Howev-

er, the number of deaths due to cardiac disease and infec-

tion decreased from the 1990–1999 to the 2010–2019 cohorts 

(Table 2). Temporal improvement in patient survival on PD 

is consistent with trends from other studies [30,31]. These 

improvements in patient survival may reflect the continuing 

development of PD as a therapy as well as better care of any 

comorbid diseases. 

In 2002, we launched an MPE program for advanced CKD 

patients and their families. The education team was com-

prised of nephrologists, dialysis nurses, pharmacists, dieti-

cians, and social workers. Each session provided education 

on normal kidney function, pathophysiologic alterations in 

CKD, diet, and medication. Additionally, unbiased infor-

mation about RRT options was delivered. Any patients who 

were considering PD as their first RRT were encouraged to 

meet the nursing staff at the PD center to obtain more infor-

mation about PD therapy. Since the MPE program began in 

2002, the number of patients who choose PD as their initial 

RRT modality has increased dramatically each year (Sup-

plementary Fig. 1). Although there was also a nationwide 

increase in the total incident PD patients in the same period 

[34], we suspect that this increase may be partly due to the 

initiation of the MPE program. We also previously reported 

Table 6. Causes of technique failure
Cause Total (n = 397) 1990–1999 (n = 82) 2000–2009 (n = 190) 2010–2019 (n = 125)

Infection-related 168 (42.3) 46 (56.1) 76 (40.0) 46 (36.8)

Catheter-related 19 (4.8) 5 (6.1) 9 (4.7) 5 (4.0)

Solute/water clearance problem 90 (22.7) 8 (9.8) 46 (24.2) 36 (28.8)

Peritoneal leaks/hernias 10 (2.5) 0 (0) 9 (4.7) 1 (0.8)

Psychosocial/medical 44 (11.1) 1 (1.2) 21 (11.1) 22 (17.6)

Risk of or diagnosis of EPS 12 (3.0) 2 (2.4) 7 (3.7) 3 (2.4)

Other causes 54 (13.6) 20 (24.4) 22 (11.6) 12 (9.6)

Data are presented as number (%).
EPS, encapsulating peritoneal sclerosis.

Figure 4. Temporal trends in the incidence of peritonitis. (A) The overall incidence of peritonitis. (B) The cause-specific incidence of 
peritonitis. 
CNS, coagulase-negative Staphylococci; E. coli, Escherichia coli; GNB, gram-negative bacteria; S. aureus, Staphylococcus aureus; 
strep, Streptococcus.
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that the MPE reduced the risk for unplanned urgent dialy-

sis, cardiovascular and infection complications, and hospi-

talization [22]. 

As a home dialysis treatment, PD requires a comprehen-

sive understanding of the therapy and self-management by 

the patient; these abilities may be associated with patient 

socioeconomic status and, crucially, education level. Be-

cause we offer the MPE program and comprehensive train-

ing at our PD center, we were able to retrospectively analyze 

the impact of lower education attainment on various PD 

outcomes in 655 incident PD patients [23]. Although a low-

er education attainment level was a significant risk factor 

for peritonitis and technique failure, it was not associated 

with increased mortality in PD patients. Therefore, we have 

shown that comprehensive training and multidisciplinary 

education provided by the PD center could overcome low 

education attainment among PD patients. 

The 2020 ISPD PD Practice Recommendations focused 

on high-quality, goal-directed PD [35], which emphasized 

establishing realistic care goals to maintain HRQOL for 

PD patients through individualized care and shared deci-

sion-making. In a recent publication, we reported that about 

50% of our PD patients from the SNUH PD registry were ini-

tially prescribed a low-dose prescription that was increased 

incrementally as their residual renal function declined. Our 

analyses found no differences in patient survival or tech-

nique survival between the incremental PD and full-dose 

PD groups [36]. 

Based on our data, although patient survival significantly 

improved, the risk of technique failure did not get better 

over time. This result is consistent with other reports from 

a large registry of PD patients, which showed that PD tech-

nique survival did not improve, whereas patient survival 

rates significantly improved over time [29,30]. Although we 

observed a dramatic reduction in the incidence of peritonitis 

over time, peritonitis still remains the most common cause 

of technique failure. This relationship might be due to the 

relative increase of severe peritonitis cases or to the more ag-

gressive attitude of physicians toward PD catheter removal 

and transfer to HD for fear of peritonitis-related complica-

tions, such as membrane failure or EPS. Other major causes 

of technique failure included problems with solute/water 

clearance, psychosocial/medical technical failures, cathe-

ter-related problems, EPS risk or diagnosis, and peritoneal 

leaks or hernias (Table 6). Table 6 shows a gradual decrease 

in infection-related technique failures, while problems with 

solute/water clearance and psychosocial/medical issues in-

creased relative to the cause of technique failure. Generally, 

the rate of technique failure is at its highest during the first 3 

months after PD initiation. However, we excluded patients 

with a PD duration <3 months from our analyses. Therefore, 

this study was unable to evaluate the incidence and causes 

of early PD failure. A vigilant and strategic approach to target 

specific causes of technique failure and to prolong technique 

survival is warranted, both within individual centers and in 

liaison with an international research consortium [26]. 

Peritonitis is the main factor that contributes to death and 

technique failure in PD patients. The 2016 ISPD guidelines 

recommend that the overall peritonitis incidence be no 

more than 0.5 episodes per year [27]. At our center, there 

was a significant drop in the overall peritonitis incidence 

over time (Fig. 4A). As shown in Fig. 4B, the incidence of 

coagulase-negative Staphylococcus, which is a normal skin 

flora and is associated with touch contamination, has been 

reduced over time due to enforced patient training. How-

ever, the relative incidence of enteric gram-negative organ-

isms, which are more likely to lead to treatment failure, did 

not change during the observation period. More attention 

should be paid to the prevention of peritonitis due to enteric 

microorganisms in the future. 

We noted the importance of regular retraining at home, 

where most PD exchanges are carried out, to prevent PD-re-

lated infection. We conducted a clinical trial comparing the 

benefit of frequent versus conventional home visits by dial-

ysis nurses [24]. Exit-site infection and any PD-related infec-

tions for the frequent-visit group decreased over time, while 

those for the conventional group increased after one year. In 

the older subgroup (age ≥ 60 years), frequent retraining visits 

were associated with significantly longer peritonitis-free sur-

vival times. Therefore, we showed that frequent retraining at 

home reduced the risk of PD-related infections. 

Our study was limited by the fact that it was a single-center 

analysis. Some laboratory data and detailed information on 

peritonitis between 1990 and 1999 were not available. Com-

pared with other studies [30,32], our patients were relatively 

younger, which probably contributed to the better outcomes 

in our study. The remarkable improvement in PD outcomes 

over time at our PD center may not be fully generalizable to 

all practice settings, especially to centers that do not have 

adequate support infrastructure, such as a patient education 
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system, trained nephrologists, and a dedicated PD nursing 

staff. Unlike the substantial improvement in the patient sur-

vival and the peritonitis rates, the risk of technique failure 

did not improve over time in our analyses. However, based 

on the large number of PD patients who demonstrated per-

sistent improvement over three decades, this study indicated 

that PD is an excellent therapy for patients with ESRD and 

also that outcomes continuously improved within a well-or-

ganized, multidisciplinary care system. Future research and 

efforts should aim not only to improve patient survival but 

also to increase technique survival, improve cardiovascular 

and peritonitis treatment outcomes, and to enhance quality 

of life in PD. 

In conclusion, our findings suggest that PD is an excellent 

RRT and is consistently improving over time. Establishing 

an adequate system and infrastructure for high-quality PD 

therapy is important for improving PD outcomes.
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