
Article

Multicenter Registry Analysis of Center Characteristics
Associated with Technique Failure in Patients on
Incident Peritoneal Dialysis

Htay Htay, Yeoungjee Cho, Elaine M. Pascoe, Darsy Darssan, Annie-Claire Nadeau-Fredette, Carmel Hawley,
Philip A. Clayton, Monique Borlace, Sunil V. Badve, Kamal Sud, Neil Boudville, Stephen P. McDonald, and
David W. Johnson

Abstract
Background and objectives Technique failure is a major limitation of peritoneal dialysis. Our study aimed to
identify center- and patient-level predictors of peritoneal dialysis technique failure.

Design, setting, participants, &measurementsAll patients on incident peritoneal dialysis inAustralia from2004 to
2014were included in the studyusingdata from theAustralia andNewZealandDialysis andTransplantRegistry.
Center- andpatient-level characteristics associatedwith technique failurewere evaluatedusingCox shared frailty
models. Death-censored technique failure and cause-specific technique failure were analyzed as secondary
outcomes.

Results The study included 9362 patients from 51 centers in Australia. The technique failure rate was 0.35 (95%
confidence interval, 0.34 to 0.36) episodes per patient-year, with a sevenfold variation across centers that was
mainly associated with center-level characteristics. Technique failure was significantly less likely in centers with
larger proportions of patients treatedwith peritoneal dialysis (.29%; adjusted hazard ratio, 0.83; 95% confidence
interval, 0.73 to0.94) andmore likely in smaller centers (,16newpatientsperyear; adjustedhazard ratio, 1.10; 95%
confidence interval, 1.00 to 1.21) and centers with lower proportions of patients achieving target baseline serum
phosphate levels (,40%; adjusted hazard ratio, 1.15; 95% confidence interval, 1.03 to 1.29). Similar results were
observed for death-censored technique failure, except that center target phosphate achievement was not
significantly associated. Technique failure due to infection, social reasons, mechanical causes, or death was
variably associated with center size, proportion of patients on peritoneal dialysis, and/or target phosphate
achievement, automatedperitoneal dialysis exposure, icodextrinuse, andantifungal use. Thevariationof hazards
of technique failure across centerswas reducedby28%after adjusting forpatient-specific factors andanadditional
53% after adding center-specific factors.

ConclusionsTechnique failurevarieswidelyacross centers inAustralia.Asignificantproportionof thisvariation is
related to potentially modifiable center characteristics, including peritoneal dialysis center size, proportion of
patients on peritoneal dialysis, and proportion of patients on peritoneal dialysis achieving target phosphate level.
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Introduction
One of the major reasons for low peritoneal dialysis
(PD) prevalence is a high attrition rate from PD pro-
grams due to technique failure (1–3). Although there
are both patient- and center-level characteristics that
contribute to technique failure, very few studies have
specifically investigated the association between center-
level characteristics and technique failure (center effects).

Huisman et al. (4) observed that there was great
variability in technique survival across centers, with
smaller centers and centers with lower proportions of
patients on PD experiencing higher rates of death-
censored technique failure. Similarly, Schaubel et al.
(5) reported a significant association between center
characteristics, including cumulative number of

patients treated with PD and the percentage of
patients started on PD, and technique survival using
data from the Canadian Organ Replacement Registry.
In another study, Afolalu et al. (6) identified that
death-censored technique failure was higher in units
with smaller numbers of patients on PD (,25 pa-
tients). More recently, an analysis of the French
Language Peritoneal Dialysis Registry found that
center characteristics accounted for 52% of the dispar-
ities in early (within 6 months) PD failure across
centers and that center size was significantly associ-
ated with early PD failure (7). The findings of a
systematic review of observational studies examining
the effect of center volume on outcomes of patients on
dialysis further support an association between center
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size and technique survival, with larger centers experiencing
better technique survival (8).
Most studies that have examined the relationship be-

tween center characteristics and technique survival have
focused primarily on center size and have not examined
other potentially important characteristics, such as PD
prescription practices, infection-related characteristics, at-
tainment of guideline-recommended biochemical and he-
matologic targets, and transplanting center status. This
study aimed to more comprehensively examine the re-
lationship between a diverse range of center characteristics
and overall, death-censored, and cause-specific technique
failure.

Materials and Methods
Study Population
The study included all patients on incident PD in

Australia from the period of January of 2004 to December of
2014. Patients with missing data and those from centers
with ,5 patient-years of total follow-up were excluded.
Deidentified data were obtained from the Australia and
New Zealand Dialysis and Transplant (ANZDATA) Reg-
istry (9). Permission to analyze the data was also granted by
an ANZDATA Registry executive.

Patient-Level Characteristics
The patient-level characteristics examined in this study

were age at initiation of dialysis, sex, race, body mass index
(BMI), smoking status (current, former, or never), presence
of cardiovascular disease (defined as a composite of
ischemic heart disease, cerebrovascular disease, and pe-
ripheral vascular disease), presence of diabetes mellitus,
chronic lung disease, primary renal disease, later referral to
nephrologist (defined as ,3 months before initiation of
RRT), initial RRT modality, initial PD modality, and
socioeconomic position (reported as Index of Relative
Socioeconomic Advantage and Disadvantage [IRSAD]
scores) (10). IRSAD scores were divided into quartiles,
with the lowest quartile used as the reference group in
analyses. BMI was divided into four groups: underweight
(BMI,18.5 kg/m2), normal range (BMI=18.5–24.9 kg/m2),
overweight (BMI=25–29.9 kg/m2), and obese (BMI$30 kg/m2)
on the basis of the World Health Organization classifi-
cation of BMI. The normal-range BMI group was used as
the reference group in analyses.

Center-Level Characteristics
The center-level characteristics examined in this study

were transplant center status (defined as whether at least
one kidney transplant was performed in the same hospital
as the PD center during the study period [2004–2014]),
center size (calculated as the mean annual number of
patients on incident PD at the center), PD proportion
(estimated from the proportion of all center patients on
dialysis treated with PD), automated peritoneal dialysis
(APD) exposure (defined as the proportion of center
patients on PD exposed to APD at least once), peritoneal
equilibration test performance (defined as the proportion of
center patients who had a peritoneal equilibration test
performedwithin the first 6 months of PD commencement),

Table 1. Patient- and center-level characteristics

Characteristics Descriptive
Statistics

Patient characteristics, n=9362
Men 5555 (59)
Age, yr 59.4615.4
Race
White 6885 (74)
Asian 1095 (12)
ATSI 697 (7)
Maori–Pacific Islanders 358 (4)
Others 327 (3)

Body mass index, kg/m2 27.065.8
,18.5 319 (3)
18.5–24.9 3369 (36)
25–29.9 3229 (35)
$30 2445 (26)

Primary renal disease
GN 2406 (26)
Diabetes mellitus 3143 (34)
Renovascular disease 1353 (14)
Polycystic kidney disease 553 (6)
Others 1907 (20)

Comorbidities
Diabetes mellitus 4056 (43)
Cardiovascular disease 4346 (46)
Chronic lung disease 1370 (15)

Smoking status
Nonsmoker 4454 (48)
Current smoker 1167 (12)
Former smoker 3741 (40)

Late nephrology referral 1878 (20)
Modality of PD (CAPD) 6913 (74)
PD as first RRT modality 6889 (65)
IRSAD scores 978679
,934 2341 (25)
934–983 2349 (25)
.983–1032 2335 (25)
.1032 2337 (25)

Center characteristics, n=51
Transplant center, n (%) 18 (35)
Center size (no. of incident
patients per year)

14 (8–25)

Patients on PD (over total
patients on dialysis), %

20 (15–25)

Exposure to APDa 63 (40–80)
Exposure to icodextrina 49 (35–70)
PET performed at PD initiationa 72 (55–80)
Culture-negative peritonitisb 16 (10–20)
Antifungal prophylaxis useb 71 (30–85)
Patients empirically received
both antibioticsb

85 (77–90)

Hospitalization for peritonitisb 74 (60–85)
Hemoglobin in targeta 42 (37–45)
Phosphate in targeta 45 (40–51)

Data are presented as number (%), mean6SD, or median
(interquartile range). ATSI, Aboriginal and Torres Strait Is-
lander; PD, peritoneal dialysis; CAPD, continuous ambulatory
peritoneal dialysis; IRSAD, Index of Relative Socioeconomic
Advantage and Disadvantage; APD, automated peritoneal di-
alysis; PET, peritoneal equilibration test.
aPercentage of all participating patients on PD in a center.
bPercentage of all peritonitis in a center.
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icodextrin exposure (defined as the proportion of center
patients treated with icodextrin), target serum phosphate
performance (defined as the proportion of center patients
on PD with baseline phosphate level of ,6.4 mg/dl), and
target hemoglobin (defined as the proportion of center
patients on PD with baseline hemoglobin levels within the
national guideline-recommended targets of 10–12 g/dl
[2004–2010] or 10–11.5 g/dl [2011–2014]). The peritonitis-
related center characteristics examined in this study were
the proportion of culture-negative peritonitis related to all
episodes of peritonitis in center, the proportion of perito-
nitis episodes hospitalized for treatment, the proportion of
peritonitis episodes receiving complete empirical antibiotic
coverage (defined as episodes treated with antibiotics
covering both Gram-positive and -negative organisms at
presentation), and the proportion of peritonitis episodes
treated with antifungal prophylaxis in center. The dialysis
center for each patient was defined as the center where PD
was commenced. All center-level characteristics, except
transplanting center status, were divided into quartiles on
the basis of the total number of study participants. The
second and third quartiles were combined and served as
the reference group in analyses. According to this method,
all of the center-level characteristics, except transplanting
center status, were categorized into three groups (first
quartile, second and third quartiles combined, and fourth
quartile). For example, center size was categorized as ,16,
16–48, and .48 patients on incident PD per year, whereas
percentages of patients treated with PD were categorized
as ,18%, 18%–29%, and .29%. The era of PD commence-
ment was divided into two periods, 2004–2009 and 2010–
2014, with the earlier period as the reference group in
analyses.

Outcomes of the Study
The primary outcome was technique failure defined as

transfer to hemodialysis (HD) for $30 days or death
(including death within 30 days of transferring to HD) as
per the previously published standardized definition (11).
The secondary outcomes were death-censored technique
failure and cause-specific death-censored technique failure.
The specific causes of death-censored technique failure
were infection, inadequate dialysis, and social and me-
chanical causes as per the previously published standard-
ized definition (11). As a secondary outcome analysis,
technique failure was also analyzed using the 180-day
criterion defined as transfer to HD for$180 days or death
(including death within 180 days of transferring to HD)
(11).

Statistical Analyses
Patient- and center-level characteristics are presented

as frequencies (percentages) for categorical variables,
mean6SD for continuous normally distributed variables,
and median (interquartile range) for continuous non-
normally distributed variables.
For the primary outcome, all patient-level characteristics

with P values ,0.20 in univariable Cox proportional
hazards regression models with shared frailty were
included as fixed effects in a patient-level multivariable
model. Cox proportional hazard with shared frailty model
was used to account for the fact that patients were clustered
within the center. A final multivariable model included all
covariates from the patient-level model and center-level
covariates with P values ,0.20 in univariable Cox regres-
sion models. The era of PD commencement was also fitted
as a fixed effect covariate in the final model to adjust for era

Figure 1. | Forest plot showing the association between center-level characteristics and technique failure after adjusting for age, sex, race,
body mass index, smoking status, primary renal disease, diabetes mellitus, cardiovascular disease, chronic lung disease, late nephrology
referral, initialmodality of peritoneal dialysis, initialmodality of RRT, socioeconomic position, anderaof peritoneal dialysis commencement.
Foreachvariable, the referencegroup is themiddlecategory (combined secondand thirdquartiles).APD,automatedperitonealdialysis; 95%CI,
95% confidence interval; HR, hazard ratio.
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Table 2. Multivariable Cox shared frailty models for technique failure defined as 30 and 180 days

Covariates
Technique Failure 30 d Technique Failure 180 d

HR 95% CI P Value HR 95% CI P Value

Era (2004–2009) 1.0 Reference 1.0 Reference
Era (2010–2014) 0.87 0.82 to 0.93 ,0.001 0.80 0.75 to 0.85 ,0.001
Patient-level characteristics
Age (decade) 1.08 1.05 to 1.10 ,0.001 1.12 1.09 to 1.14 ,0.001
Men 1.00 0.94 to 1.06 0.92 0.99 0.93 to 1.05 0.76
Race ,0.001 ,0.001
White 1.00 Reference 1.00 Reference
Asian 0.72 0.65 to 0.80 ,0.001 0.71 0.64 to 0.79 ,0.001
ATSI 1.06 0.94 to 1.19 0.35 1.10 0.97 to 1.24 0.15
MP 0.75 0.63 to 0.89 0.001 0.73 0.61 to 0.88 0.001
Other 0.60 0.48 to 0.75 ,0.001 0.61 0.48 to 0.77 ,0.001

BMI, kg/m2 ,0.001 ,0.001
,18.5 1.11 0.96 to 1.30 0.15 1.09 0.93 to 1.28 0.27
18.5–24.9 1.00 Reference 1.00 Reference
25–29.9 0.98 0.92 to 1.05 0.55 0.95 0.89 to 1.01 0.13
$30 1.12 1.04 to 1.20 0.001 1.10 1.02 to 1.18 0.01

Smoking status 0.01 0.01
Nonsmoker 1.00 Reference 1.00 Reference
Current smoker 1.10 1.01 to 1.20 0.02 1.11 1.02 to 1.22 0.01
Former smoker 1.08 1.02 to 1.15 ,0.01 1.08 1.02 to 1.15 0.01

Diabetes mellitus 1.05 0.96 to 1.15 0.29 1.12 1.02 to 1.22 0.02
Cardiovascular disease 1.30 1.23 to 1.38 ,0.001 1.35 1.27 to 1.44 ,0.001
Chronic lung disease 1.10 1.03 to 1.19 ,0.01 1.09 1.02 to 1.18 0.02
Primary renal disease 0.06 0.06
GN 1.00 Reference 1.00 Reference
Diabetes nephropathy 1.12 1.01 to 1.24 0.03 1.15 1.03 to 1.28 0.01
Hypertension 0.97 0.88 to 1.05 0.48 1.02 0.93 to 1.12 0.70
Polycystic kidney disease 1.06 0.93 to 1.20 0.42 0.94 0.81 to 1.08 0.36
Other/unknown 0.98 0.91 to 1.06 0.66 1.03 0.95 to 1.13 0.46
Late referral 1.10 1.03 to 1.18 ,0.01 1.07 1.00 to 1.15 0.05

Initial modality of RRT (PD)a

Overall 0.64 0.59 to 0.70 ,0.001 0.62 0.57 to 0.68 ,0.001
At 6 mo 0.67 0.63 to 0.72 ,0.001 0.65 0.61 to 0.70 ,0.001
At 1 yr 0.71 0.66 to 0.75 ,0.001 0.68 0.64 to 0.73 ,0.001
At 2 yr 0.78 0.73 to 0.82 ,0.001 0.75 0.70 to 0.79 ,0.001

Initial PD modality (CAPD) 0.87 0.81 to 0.93 ,0.001 0.86 0.80 to 0.93 ,0.001
IRSAD scoresb 0.53 0.52
,934 1.00 Reference 1.00 Reference
934–983 0.99 0.92 to 1.06 0.70 0.99 0.92 to 1.07 0.86
.983–1032 0.98 0.91 to 1.06 0.65 0.99 0.91 to 1.07 0.72
.1032 0.94 0.87 to 1.02 0.16 0.94 0.87 to 1.03 0.17

Center-level characteristics
Transplant center 1.10 0.98 to 1.23 0.11 1.09 0.98 to 1.23 0.11
Center size (incident patients per 1 yr) 0.02 0.02
,16 1.10 1.00 to 1.21 0.06 1.10 1.00 to 1.20 0.04
16–48 1.00 Reference 1.00 Reference
.48 0.88 0.76 to 1.00 0.07 0.90 0.79 to 1.03 0.12

APD exposure,c % 0.13 0.18
,41 1.11 1.00 to 1.24 0.04 1.10 0.99 to 1.22 0.08
41–71 1.00 Reference 1.00 Reference
.71 1.04 0.94 to 1.14 0.51 1.06 0.96 to 1.17 0.25

Icodextrin use,c % 0.46 0.55
,35 0.93 0.83 to 1.04 0.23 0.94 0.84 to 1.05 0.28
35–67 1.00 Reference 1.00 Reference
.67 1.00 0.90 to 1.10 0.99 1.0 0.90 to 1.10 0.94

Phosphate in target,c % 0.004 ,0.01
,40 1.15 1.03 to 1.29 0.01 1.14 1.02 to 1.27 0.02
40–46 1.00 Reference 1.00 Reference
.46 0.94 0.84 to 1.05 0.25 0.94 0.84 to 1.05 0.27
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effect. Proportional hazards assumptions for Cox regression
were assessed using Schoenfeld residuals. Because the
proportional hazards assumption was found to be violated
for first RRT modality, a time-dependent effect for first RRT
was included in the Cox shared frailty model used to
analyze the primary outcome, in which data were censored
at the time of transplantation or the end of the study. There
was no biologically meaningful interaction between co-
variates. Because evidence of collinearity was identified
between center size and proportion of patients on PD with
respect to the primary outcome, a separate analysis was
performed for center size and proportion of patients on
PD. The likelihood ratio test was used to compare the
patient-level with the final model. The percentage reduc-
tion in the random effect of technique failure across the
centers was calculated as the ratio of the difference in SDs
between the two models divided by the SD of the smaller
model.
All covariates in the final model for the primary outcome

were included in models for the secondary outcomes. The
cause-specific hazard model was used to analyze death-
censored technique failure, with death and transplantation
as competing events. A similar method was used to analyze
the individual cause of technique failure with censoring
of the other competing events (12). All data were ana-
lyzed using Stata (version 14.0; StataCorp LP, College
Station, TX). P values ,0.05 were considered statistically
significant.

Results
A total of 9642 patients commenced PD during the study

period (2004–2014). Of these, 46 (0.4%) patients from 12
dialysis centers with ,5 patient-years of total follow-up
period were excluded along with 234 (2.5%) patients with
missing demographic data. Consequently, 9362 patients on
incident PD from 51 centers were included in the study. Of
these 9362 patients, 3691 (39%) transferred to HD, 1244
(13%) received a kidney transplant, and 2122 (23%) died
during the study period. A total of 28 centers were
categorized as small centers, 19 centers were categorized
as average-sized centers, and four centers were categorized

as large centers. The baseline patient- and center-level
characteristics are presented in Table 1.

Technique Failure
There were 5813 episodes of technique failure over

16,504 patient-years of follow-up. The overall technique
failure rate was 0.35 (95% confidence interval [95% CI], 0.34
to 0.36) episodes per patient-year, with a sevenfold vari-
ation in technique failure rates among centers. Technique
failure was significantly less likely in centers with larger
proportions of patients treated with PD (.29%; adjusted
hazard ratio [AHR], 0.83; 95% CI, 0.73 to 0.94) (Supplemental
Table 1) andmore likely in smaller centers (,16 new patients
per year; AHR, 1.10; 95% CI, 1.00 to 1.21) and centers with
lower proportions of patients achieving baseline serum
phosphate levels in target (,40%; AHR, 1.15; 95% CI, 1.03
to 1.29) (Figure 1, Table 2). The other center characteristics
were not associated with technique failure.
The patient-level predictors of technique failure are

presented in Table 2. There was a significant interaction
between initial modality of RRT and time (P,0.001), whereby
the adjusted hazard of technique failure for patients com-
menced on PD as the initial modality of RRT increased over
time (hazard ratio [HR], 0.67; 95% CI, 0.63 to 0.72 at 6 months;
HR, 0.71; 95% CI, 0.66 to 0.75 at 1 year; HR, 0.78; 95% CI, 0.73
to 0.82 at 2 years).
Similar results were observed when technique failure

was analyzed using the 180-day definition, (Table 2).
The variation in hazards of technique failure across

centers was reduced by 28% after adjusting for patient-level
characteristics and an additional 53% after adjusting for
center-level characteristics (Figure 2).

Death-Censored Technique Failure
The median death-censored technique failure rate was

0.22 (95% CI, 0.21 to 0.23) episodes per patient-year. Death-
censored technique failure was significantly more likely in
smaller centers (,16; AHR, 1.19; 95% CI, 1.03 to 1.38)
(Figure 3, Table 3) and less likely in centers with larger
proportions of patients treated with PD (.29%; AHR, 0.83;
95% CI, 0.73 to 0.94) (Supplemental Table 1). None of the

Table 2. (Continued)

Covariates
Technique Failure 30 d Technique Failure 180 d

HR 95% CI P Value HR 95% CI P Value

Antifungal use,d % 0.50 0.79
,38 1.01 0.90 to 1.11 0.92 0.99 0.89 to 1.09 0.78
38–86 1.00 Reference 1.00 Reference
.86 1.07 0.95 to 1.20 0.25 1.03 0.92 to 1.15 0.61

HR, hazard ratio; 95%CI, 95% confidence interval; ATSI, Aboriginal and Torres Strait Islander;MP,Maori–Pacific Islanders; BMI, body
mass index; PD, peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; IRSAD, Index of Relative Socioeconomic
Advantage and Disadvantage; APD, automated peritoneal dialysis.
aThere was a significant interaction between initial modality of RRT and time (P,0.001). The overall HR and HR at three time points
are given.
bSocioeconomic position reported as IRSAD scores, with higher scores reflecting higher socioeconomic position.
cPercentage of all participating patients in the center.
dPercentage of peritonitis in center.
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other center-level characteristics were significantly associ-
ated with death-censored technique failure.
When death-censored technique failure was analyzed

using the 180-day definition, similar results were observed,
except that centers with higher APD use were associated
with a higher hazard of technique failure (Table 3).
The variation in hazards of death-censored technique

failure across centers was reduced by 15% after adjusting
for patient-level characteristics and an additional 37% after
adjusting for center-level characteristics (Supplemental
Figure 1).

Cause-Specific Death-Censored Technique Failure
The causes of technique failure were infection (n=1577;

27%), social (n=502; 9%), inadequate dialysis (n=709; 12%),
mechanical (n=748; 13%), death (n=1972; 34%), and other
reasons (n=305; 5%).
Center size and proportion of patients on PD were

significantly associated with technique failure due to social
and mechanical causes (Supplemental Table 2). Poorer
center achievement of target phosphate was associated
with technique failure due to infection, social reasons
(Supplemental Table 2), and death (Supplemental Table 3).
Lower center APD exposure was associated with tech-
nique failure due to infection, whereas higher expo-
sure was associated with technique failure due to social
reasons. Higher center icodextrin use was associated with
lower technique failure due to social reasons. Centers
with higher or lower antifungal use were associated with
higher hazards of infection-related technique failure
compared with centers with average antifungal use (Supple-
mental Table 2).

Technique Failure over Time
There was a significant improvement in technique failure

(AHR, 0.87; 95% CI, 0.82 to 0.93) (Table 2) and death-
censored technique failure (AHR, 0.93; 95% CI, 0.86 to 0.99)
(Table 3) between the periods 2004–2009 and 2010–2014.
Similar findings were observed using the 180-day defini-
tion for technique failure (AHR, 0.80; 95% CI, 0.75 to 0.85)
and death-censored technique failure (AHR, 0.82; 95% CI,
0.75 to 0.89). From 2010, the hazards of technique failure
due to infection (AHR, 0.64; 95% CI, 0.57 to 0.72) and death
(AHR, 0.78; 95% CI, 0.70 to 0.87) decreased, whereas the
hazards of technique failure due to social reasons (AHR,
1.22; 95% CI, 1.00 to 1.47) increased.

Discussion
This study showed that technique failure varied consid-

erably across PD centers, and although some of this
variation was related to patient-level factors, a considerable
proportion was related to modifiable center-level factors,
particularly center size and the center’s proportion of pa-
tients treated with PD, and proportion of patients with
achieved baseline phosphate within target level. Similar
results were observed for death-censored technique failure,
except that the factor of centers with proportion of patients
with achieved target phosphate level was no longer signif-
icant. Technique failure due to infective, social, or mechan-
ical causes or death was variably associated with center size,
proportion of patients on PD, proportion of patients
achieving target phosphate level, APD use, icodextrin
use, and antifungal use.
These findings are in keeping with those of previous

studies that have reported smaller center size as a risk

Figure 2. | Variation in hazard of technique failure across 51 Australian peritoneal dialysis centers during the period of 2004–2014 in
unadjusted (green diamonds), patient-level adjusted (red triangles), and patient- and center-level adjusted (blue circles) models with SEMs.
Dialysis centers are ranked by hazard of technique failure.
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factor for death-censored technique failure in patients on
PD (4–6,8,13).Using registry data from The Netherlands,
Huisman et al. (4) reported that smaller centers (defined as
centers with ,20 patients on PD) were associated with
higher rates of death-censored technique failure. Similarly,
using data from 17,900 patients on PD recorded in the
Canadian Organ Replacement Register between 1981 and
1997, Schaubel et al. (5) reported that higher cumulative
numbers of patients on PD in centers were associated with
better technique survival. Afolalu et al. (6) observed that
death-censored technique failure rate was higher in United
States centers with#25 patients on PD than those with.25
patients on PD. Recently, Guillouet et al. (7) also observed
that greater center experience with PD, defined as more
than ten new patients per year, was associated with a lower
risk of early PD failure. In a systematic review and meta-
analysis of ten nonexperimental studies evaluating the
association between center volume and patient outcomes,
Pieper et al. (8) reported that higher center volume was

associated with a lower risk of technique failure, with a
median relative effect measure of 0.73 (0.25–0.94).
In addition to the observation that smaller centers (and

hence, smaller patient with PD exposure) were associated
with technique failure, this study also found that centers
that treated proportionally more of their patients on di-
alysis with PD as opposed to HD were likely to have lower
technique failure rates. A similar finding was reported in
Canadian patients (5).
Taken together, these results suggest that less cumulative

PD experience and a lesser degree of PD specialization
adversely affect PD technique survival. In contrast to
previous investigations, this study took another step by
analyzing the relationship between these center character-
istics and cause-specific technique failure. In particular,
smaller center size was associated with higher hazards of
technique failure related to social and mechanical causes.
This finding may reflect center inexperience with managing
PD-related complications, such as poor catheter flow or

Figure 3. | Forest plot showing the association between center-level characteristics and death-censored technique failure after adjusting for
age, sex, race, body mass index, smoking status, primary renal disease, diabetes mellitus, cardiovascular disease, chronic lung disease, late
nephrology referral, initial modality of peritoneal dialysis, initial modality of RRT, socioeconomic position, and era of peritoneal dialysis
commencement. For each variable, the reference group is the middle category (combined second and third quartiles). APD, automated
peritoneal dialysis; 95% CI, 95% confidence interval; HR, hazard ratio.
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Table 3. Multivariable Cox shared frailty models for death-censored technique failure defined as 30 and 180 days

Covariates
Technique Failure 30 d Technique Failure 180 d

HR 95% CI P Value HR 95% CI P Value

Era (2004–2009) 1.0 Reference 1.0 Reference
Era (2010–2014) 0.93 0.86 to 0.99 0.04 0.82 0.75 to 0.89 ,0.001
Patient-level characteristics
Age (decade) 0.93 0.91 to 0.96 ,0.001 0.93 0.90 to 0.96 ,0.001
Men 1.07 0.98 to 1.14 0.06 1.12 1.04 to 1.22 ,0.01
Race ,0.001 ,0.001
White 1.00 Reference 1.00 Reference
Asian 0.79 0.70 to 0.89 ,0.001 0.80 0.70 to 0.92 0.002
ATSI 1.12 0.97 to 1.30 0.12 1.19 1.01 to 1.40 0.04
MP 0.85 0.69 to 1.03 0.10 0.86 0.68 to 1.08 0.19
Other 0.67 0.52 to 0.87 0.003 0.67 0.50 to 0.90 ,0.01

BMI, kg/m2 ,0.001 ,0.001
,18.5 1.06 0.88 to 1.30 0.53 1.0 0.79 to 1.25 0.99
18.5–24.9 1.00 Reference 1.00 Reference
25–29.9 1.08 0.99 to 1.17 0.07 1.04 0.95 to 1.14 0.41
$30 1.27 1.17 to 1.39 ,0.001 1.32 1.20 to 1.46 ,0.001

Smoking status 0.03 0.08
Nonsmoker 1.00 Reference 1.00 Reference
Current smoker 1.09 0.98 to 1.21 0.10 1.08 0.96 to 1.22 0.19
Former smoker 1.10 1.02 to 1.19 0.01 1.10 1.00 to 1.20 0.03

Diabetes mellitus 0.98 0.87 to 1.10 0.73 1.01 0.89 to 1.16 0.87
Cardiovascular disease 1.12 1.04 to 1.21 0.003 1.08 0.99 to 1.18 0.07
Chronic lung disease 1.05 0.96 to 1.16 0.29 0.98 0.88 to 1.10 0.75
Primary renal disease ,0.001 0.004
GN 1.00 Reference 1.00 Reference
Diabetes nephropathy 0.98 0.86 to 1.11 0.73 0.96 0.82 to 1.11 0.54
Hypertension 0.83 0.74 to 0.94 0.002 0.86 0.75 to 0.98 0.02
Polycystic kidney disease 1.20 1.04 to 1.38 0.01 1.11 0.94 to 1.31 0.22
Other/unknown 0.86 0.78 to 0.95 0.003 0.85 0.76 to 0.95 ,0.01
Late referral 1.06 0.98 to 1.16 0.15 1.02 0.92 to 1.23 0.71

Initial modality of RRT (PD)a

Overall 0.69 0.63 to 0.76 ,0.001 0.70 0.62 to 0.79 ,0.001
At 6 mo 0.73 0.67 to 0.79 ,0.001 0.73 0.66 to 0.80 ,0.001
At 1 yr 0.76 0.70 to 0.82 ,0.001 0.76 0.70 to 0.83 ,0.001
At 2 yr 0.84 0.78 to 0.91 ,0.001 0.82 0.75 to 0.90 ,0.001

Initial PD modality (CAPD) 0.98 0.90 to 1.07 0.70 0.86 0.80 to 0.93 ,0.001
IRSAD scoresb 0.91 0.71
,934 1.00 Reference 1.00 Reference
934–983 1.02 0.93 to 1.12 0.66 1.03 0.93 to 1.15 0.52
.983–1032 1.02 0.93 to 1.13 0.64 1.05 0.94 to 1.17 0.39
.1032 0.99 0.90 to 1.09 0.90 0.99 0.88 to 1.11 0.91

Center-level characteristics
Transplant center 1.06 0.90 to 1.25 0.52 1.05 0.89 to 1.25 0.54
Center size (incident patients per 1 yr) 0.004 ,0.001
,16 1.19 1.03 to 1.38 0.02 1.23 1.07 to 1.43 ,0.01
16–48 1.00 Reference 1.00 Reference
.48 0.77 0.60 to 0.98 0.03 0.79 0.63 to 0.99 0.04

APD exposure,c % 0.15 0.04
,41 1.17 0.99 to 1.39 0.07 1.14 0.97 to 1.35 0.11
41–71 1.00 Reference 1.00 Reference
.71 1.11 0.95 to 1.31 0.17 1.22 1.04 to 1.42 0.01

Icodextrin use,c % 0.69 0.68
,35 0.93 0.78 to 1.12 0.47 0.94 0.79 to 1.22 0.50
35–67 1.00 Reference 1.00 Reference
.67 0.95 0.81 to 1.11 0.53 0.94 0.81 to 1.10 0.46

Phosphate in target,c % 0.32 0.66
,40 1.14 0.96 to 1.37 0.14 1.08 0.91 to 1.29 0.37
40–46 1.00 Reference 1.00 Reference
.46 1.02 0.86 to 1.21 0.80 1.05 0.89 to 1.24 0.60
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catheter malfunction, leading to a higher rate of transferring
patients on PD to HD after such complications are encoun-
tered due to suboptimal management of the complications
and/or a tendency to give up more quickly on PD when
problems arise. Conversely, centers with higher (.29%)
proportions of their patients on dialysis treated with PD
were found to be less likely to experience technique failure
due to social and mechanical causes.
Another interesting finding was the association between

higher center icodextrin use and lower social technique
failure. This may have been related to the fact that
icodextrin use has been associated with improved quality
of life (14) and fluid balance (15) compared with conven-
tional dialysis solution, thereby potentially facilitating
patient motivation to persist with PD.
Poorer center achievement of serum phosphate targets

was also associated with technique failure due to social
reasons, infection, and death. This finding may be ex-
plained by complications of hyperphosphatemia (e.g.,
pruritus, vascular calcification, and cardiovascular disease)
(16,17) or a type 1 statistical error (chance finding). Alter-
natively, poor attainment of serum phosphate targets may
reflect less rigorous overall center care or adherence to
guidelines.
The study also showed that infection-related technique

failure was associated with high or low center antifungal
prophylaxis use and low APD use. These center charac-
teristics have been reported to be associated with higher
risks of peritonitis in a previous ANZDATA Registry study
(18). Low antifungal use could be a surrogate marker of
poorer general compliance with peritonitis prevention
guideline recommendations, whereas high antifungal use
might reflect indication bias (i.e., centers with an infection
problem may be more inclined to prescribe antifungal
prophylaxis). The fewer connections with APD compared
with continuous ambulatory PD may have reduced op-
portunity for contamination and mitigated infection risk,
although the literature is conflicted regarding APD and
infection risk (19).
Perhaps the most important finding of this study was

that it provided important evidence that modifiable center
practices (center effects) seemed to account for an appre-

ciable portion of observed center variation in technique
failure rates beyond that conferred by patient-level char-
acteristics. Significantly, the variation in hazard of tech-
nique failure across centers was reduced by 28% after
adjusting for patient-level factors and an additional 53%
after adding center-level factors.
It is also important to note that the overall risk of

technique failure in Australia was significantly reduced
after 2009 (20–22), which was mainly related to a decrease
in technique failure due to infection and death. This
improvement probably reflected the effectiveness of sys-
tematic, coordinated, national peritonitis prevention pro-
grams instituted since 2009.
This is one of the largest andmost comprehensive studies

to date examining the relationship between center effects
and overall, death-censored, and cause-specific technique
failure in patients on incident PD. It included all PD centers
in Australia, thereby mitigating ascertainment bias. It also
used robust statistical methodologies, allowing multivari-
able adjustment of both patient- and center-level charac-
teristics and thereby, limiting residual confounding on a
center-level basis.
The strengths of this study should be balanced against its

limitations, which include the possibility of residual con-
founding as well as selection, reporting, and coding biases.
The limited data collected by the ANZDATA Registry
prevented inclusion and analysis of important center-level
information (e.g., nurse and physician staffing levels, pa-
tient and staff training protocols, clinical pathways, exit
site care, infection control processes, frequency of PD multi-
disciplinary governance meetings, etc.) as well as patient-level
information (compliance, level of education, employment
status, severity of comorbidities, distance from PD center,
assisted PD, climatic factors, residual renal function, etc.).
Any changes in dialysis center by patients on PD were not
considered. Finally, the results of this Australian study may
not be generalizable to other countries.
In conclusion, this study showed important variation in

technique failure rates between centers in Australia and
evidence that an appreciable proportion of this variation
may have been related to modifiable center effects. Specif-
ically, smaller center size, a lower proportion of patients

Table 3. (Continued)

Covariates
Technique Failure 30 d Technique Failure 180 d

HR 95% CI P Value HR 95% CI P Value

Antifungal use,d % 0.32 0.47
,38 0.98 0.83 to 1.16 0.81 0.95 0.80 to 1.11 0.50
38–86 1.00 Reference 1.00 Reference
.86 1.14 0.94 to 1.36 0.18 1.07 0.90 to 1.29 0.44

HR, hazard ratio; 95%CI, 95% confidence interval; ATSI, Aboriginal and Torres Strait Islander;MP,Maori–Pacific Islanders; BMI, body
mass index; PD, peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; IRSAD, Index of Relative Socioeconomic
Advantage and Disadvantage; APD, automated peritoneal dialysis.
aTherewas a significant interaction between initialmodality of RRT and time (P,0.001). The overall HR andHR at three time points are
given.
bSocioeconomic position reported as IRSAD scores, with higher scores reflecting higher socioeconomic position.
cPercentage of all participating patients in the center.
dPercentage of peritonitis in center.
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treated with PD, and a lower proportion of patients
achieving target serum phosphate levels were indepen-
dently associated with technique failure and cause-specific
technique failure (particularly related to infection, social
and mechanical causes, and death). It is possible that
addressing these center effects (e.g., by amalgamating and/
or centralizing smaller PD units, directing more patients
on incident RRT to PD, or optimizing infection control
practices within centers in line with International Society
for Peritoneal Dialysis (ISPD) recommendations) may
extend the length of time that patients spend on PD.
Future prospective studies collecting more detailed center-
and patient-level data, such as the international Peritoneal
Dialysis Outcomes and Practice Patterns Study, should
endeavor to identify which modifiable PD center charac-
teristics (e.g., center size, PD proportion, nurse and phy-
sician staffing levels, PD training and retraining protocols,
infection control protocols and practices, quality improve-
ment activities, etc.) are most strongly associated with
superior technique survival.
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