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Abstract

Background

Residual kidney function (RKF) is associated with improved survival and quality of life in dial-

ysis patients. Previous studies have suggested that initiation of peritoneal dialysis (PD) may

slow RKF decline compared to the pre-dialysis period. We sought to evaluate the associa-

tion between PD initiation and RKF decline in the Initiating Dialysis Early And Late (IDEAL)

trial.

Methods

In this post hoc analysis of the IDEAL randomized controlled trial, PD participants were

included if results from 24-hour urine collections had been recorded within 30 days of dialy-

sis initiation, and at least one value pre- and one value post-dialysis commencement were

available. The primary outcome was slope of RKF decline, calculated as mean of urinary

creatinine and urea clearances. Secondary outcomes included slope of urine volume

decline and time from PD initiation to anuria.

Results

The study included 151 participants (79 early start, 72 late start). The slope of RKF decline

was slower after PD initiation (-2.69±0.18mL/min/1.73m2/yr) compared to before PD (-4.09

±0.33mL/min/1.73m2/yr; change in slope +1.19 mL/min/1.73m2/yr, 95%CI 0.48–1.90,

p<0.001). In contrast, urine volume decline was faster after PD commencement (-0.74

±0.05 L/yr) compared to beforehand (-0.57±0.06L/yr; change in slope -0.18L/yr, 95%CI
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-0.34—-0.01, p = 0.04). No differences were observed between the early- and late-start

groups with respect to RKF decline, urine volume decline or time to anuria.

Conclusions

Initiation of PD was associated with a slower decline of RKF compared to the pre-dialysis

period.

Introduction

Residual kidney function (RKF) is associated with improved survival and quality of life in peo-

ple on dialysis [1–3]. Many studies have shown that RKF is better preserved on peritoneal dial-

ysis (PD) than on hemodialysis [4–7]. In a small retrospective observational study of 14

patients on PD, Berlanga et al. showed a slower rate of RKF decline during PD than during the

pre-dialysis period [8]. Similar results were found in a larger cohort of 77 new PD patients by

He et al. [9]. Results from the Netherlands Cooperative Study on the Adequacy of Dialysis

(NECOSAD) also described an attenuation in RKF decline from the period before the start of

dialysis compared to 2 to 4 months after dialysis initiation [10]. In both studies previously

mentioned, [9, 10] greater RKF at dialysis initiation was also an independent risk factor for

RKF decline during the dialysis phase.

The Initiating Dialysis Early And Late (IDEAL) study [11], reported in 2010, randomized

828 dialysis patients to either early-start (glomerular filtration rate [GFR] between 10 and 14

mL/min/1.73m2) or late-start (GFR<7 mL/min/1.73m2 or when clinical indicators of uremia

supervened) dialysis. This study, which included 366 PD patients, showed that planned early

commencement of dialysis was not associated with either a survival or quality of life benefit

compared to late initiation.

The aim of this post hoc analysis of the IDEAL study was to compare the trend of RKF in

the pre- and post-PD commencement periods and to further evaluate the impact of early vs.

late initiation of PD on the decline of RKF. We hypothesized that initiating patients on PD

favorably alters the rate of decline of RKF.

Methods

The present study is a post hoc analysis of the IDEAL trial (Australian and New Zealand Clini-

cal Trials Registry number 12609000266268) and was approved by the ethics committee at

each participating center. The detailed IDEAL study design, methodology and results have

been published previously [11, 12]. The rate of decline in residual kidney function and its inde-

pendent effect on morbidity and mortality were secondary outcomes of the IDEAL study.

However, this study is a post hoc analysis restricted to PD patients included in the IDEAL

study examining the change in rate of decline before and after dialysis initiation.

Participants and data collection

For the IDEAL study, adult patients with progressive chronic kidney failure with an estimated

glomerular filtration rate (GFR; using the Cockcroft-Gault equation) between 10 and 20 mL/

min/1.73m2 were recruited between 1 July 2000 and 14 November 2006. Baseline characteris-

tics were collected at enrollment and patients were subsequently evaluated on a 3-monthly

basis, including a timed 24-hour urine collection, for a follow-up period of 3 years from
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l’Université de Montréal and the Fondation du

CHUM. YC is supported by an Early career

fellowship grant from the NHMRC. AV received

grant support from the Jacquot Research

Establishment Fellowship Award and the Princess

Alexandra Research Foundation. MGW is

supported by Diabetes Australian Research Trust

Millennium Grant. DJ is supported by an Australian

National Health and Medical Research Council

Practitioner Fellowship. The funders had no role in

study design, data collection and analysis, decision

to publish, or preparation of the manuscript.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following competing interests: YC reports personal

fees from Baxter, outside the submitted work. CH

reports personal fees from Janssen,

GlaxoSmithKline and Osuka, and grant support

from Baxter, Fresenius, Shire, PKD Aus and

NHMRC, outside the submitted work. MGW has

received honorarium for scientific lectures from

AstraZeneca, Retrophin, Amgen and Baxter,

outside the submitted work. His employer, the

George Institute for Global Health, holds research

contracts for trials in cardiovascular and/or kidney

disease with a range of commercial organizations.

DJ reports personal fees from AWAK, Astra-

Zeneca, Baxter Healthcare and Fresenius Medical

Care, and grant support from Baxter Extramural

Grant and Baxter CEC Grant, outside the submitted

work. The other authors declare no conflicts of

interest. This does not alter our adherence to PLOS

ONE policies on sharing data and materials.

https://doi.org/10.1371/journal.pone.0242254


enrolment, until 14 November 2009. Once GFR was first recorded to be�15 mL/min/1.73m2,

patients were randomized to either commence dialysis immediately (“early-start”) or continue

routine care until dialysis initiation at GFR of 5–7 mL/min/1.73m2 (“late-start”). Only PD

patients from the original IDEAL study were evaluated for inclusion in this post hoc analysis.

PD patients were included if results from 24-hour urine collections had been recorded within

30 days of dialysis initiation (-30 to + 30 days from start), and at least one value pre- and one

value post-dialysis commencement were available. All available 24-hour urine collection

results recorded during the IDEAL study, both pre- and post-dialysis start, were reviewed as

part of the present analysis.

Study outcomes

The primary outcome was the slope of decline in GFR over time, calculated from the mean of

creatinine and urea clearances from a 24-hour urine collection, corrected for body surface area

(BSA). BSA was calculated from weight and height of patients recorded at enrollment using

the DuBois formula [13]. Patients were considered anuric at the first of two consecutive time

points of patient-reported anuria or urine production of<100 mL in a 24-hour collection.

Once considered anuric, GFR was set at 0 mL/min/1.73m2 and no subsequent value for the

patient was included in analysis. Secondary outcomes included slope of decline in 24-hour

urine volume over time and time from PD initiation to anuria.

Statistical analyses

Continuous normally distributed variables were expressed as mean ± standard deviation and

compared between groups (early-start vs late-start) with Student’s t-test. Continuous non-nor-

mally distributed variables were expressed as median (interquartile range) and compared

using the Mann-Whitney test. Categorical variables were presented as frequencies (percent-

ages) and compared using the chi-squared test.

For the primary outcome of slope of decline in RKF over time, a mixed-effects linear model

was used with GFR as the outcome. Time (pre- vs post-initiation) and treatment group (early-

vs late-start) were included as fixed effect covariates. Patient identification number was used as

a random intercept to account for correlated data due to repeated measurements over time. To

allow for patient-specific change over time, the time covariate was also fitted as a random

effect. The main model was therefore a mixed-effects linear model with a random intercept

and a random slope. An exploratory model including additional relevant patients’ baseline

characteristics (age, sex, ethnicity [Caucasian vs non Caucasian], initial dialysis dose [incre-

mental vs full], presence of diabetes and history of cardiovascular disease [composite of ische-

mic heart disease, congestive heart failure or peripheral vascular disease]) was also evaluated.

Incremental dialysis was defined as a dialysis dose of less than 8 liters per day in PD patients at

initiation. Body mass index (BMI) was not included in the models as GFR was corrected for

BSA. GFR was assumed to be normally distributed and to decline in a linear pattern. This

mixed model assumed missing at random patterns to accommodate missed time points. How-

ever, patients becoming non contributors once they were reported as anuric were not at ran-

dom and the results should therefore be interpreted in light of other analyses, including time

to anuria. The mixed-effects linear model assumed that the random intercept and the random

slope had a bivariate normal distribution with a zero mean and covariance, implying that the

univariate distributions of the intercept and slope were also normal. Additionally, the random

error was assumed to be normally distributed with a zero mean. Those assumptions were

assessed visually using distribution plots and q-q plots. The likelihood-ratio test was used for

model selection, showing the random effects model to be superior to a fixed effect model.
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To allow for a change in the slope at dialysis commencement, a piecewise regression model

[14], in which a “breakdummy” was used to identify values greater than the structural break

value, was fitted into the main mixed model. Start of dialysis was used as the break point where

time was identified as 0. For patients in whom data at start of dialysis were recorded in the 30

days prior to or after dialysis commencement (-30 to +30 days), this time value was relabeled

as 0. This final model estimated the rate of GFR decline per year in the pre-dialysis start period

as the coefficient for time (ß1) and the change in slope from the preceding interval (ß2), which

enabled testing of whether the change in slope was significant. The slope in the post-dialysis

initiation period was calculated as the sum of the slope in the pre-dialysis start period and the

change in slope (ß1+ß2). This piecewise regression model assumed that the intercept was the

same immediately before and after the break value, in this case, at dialysis commencement. As

availability of a value at dialysis start was a requirement to include patients in this post hoc
analysis, this assumption by the model was respected.

To compare the trends of GFR over time between treatment groups (early-start or late-

start), treatment by time interaction terms were evaluated. As sensitivity analyses, the change

in slopes prior to, and after dialysis initiation were also assessed separately for each treatment

group.

For the secondary outcome of slope of decline in 24-hour urine volume, the same analyses

were used as those for the primary outcome. BMI was included in the exploratory model as a

continuous variable. Time to event analysis (time to anuria) was performed by univariate

Kaplan-Meier survival analysis and multivariable Cox proportional hazards model analyses.

All analyses were performed based on the intention-to-treat principle, as modality switches

during follow-up were ignored. The statistical analyses were performed using Stata (version

15.1; StataCorp LLC, Texas, USA). P<0.05 was considered statistically significant.

Results

Population characteristics

Of the 828 patients initially enrolled in the IDEAL trial, 366 patients were started on PD, of

whom 195 and 171 respectively were allocated to the early-start and late-start groups. After

exclusion of 215 patients for whom available urine collection data were insufficient for the

planned analysis, 79 early-start and 72 late-start PD patients were included in this post hoc
analysis (Fig 1). After exclusion of 5 implausibly high GFR values >30 mL/min/1.73m2/yr in 4

patients, 1208 values were included in analyses. For each patient, 3 to 15 GFR values were

available (median = 8).

Baseline characteristics of the included patients at enrollment are presented in Table 1.

Characteristics were similar between groups, except for more frequent diuretic use and a

higher mean BMI in the early-start group (although distribution of BMI categories was equiva-

lent to that of the late-start group). Diuretic use was not included in the model as it was only

evaluated at enrollment and not recorded at dialysis commencement in the IDEAL study.

Median total observation time was 2.6 years and similar between groups. However, patients

in the late-start group had longer observation time in the pre-dialysis initiation period and

slightly shorter (2 months) observation time in the PD period (Table 2). Median GFR (calcu-

lated from urine collection) at start of observation time was 9.9 mL/min/1.73m2 and similar

between groups. As expected, median GFR was significantly different between groups at dialy-

sis initiation (7.8 [6.2–10.3] vs 6.1 [4.9–7.6] mL/min/1.73m2 in the early and late groups,

respectively). However, urine volumes at start of observation time and at dialysis initiation

were both similar between groups (Table 2). Over the study period, 49 (32%) patients became
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anuric (26 and 23 in the early-start and late-start groups, respectively). Anuria occurred 0.3 to

3.0 years after PD commencement (Table 2).

Primary outcome

The overall decline in GFR over the study period was -2.99±0.16 mL/min/1.73m2/yr. When

allowing for the change in slope at dialysis commencement, the slope of GFR decline was

slower following PD commencement (-2.71±0.18 mL/min/1.73m2/yr) compared to the pre-

dialysis period (-3.90±0.32 mL/min/1.73m2/yr; change in slope +1.19 mL/min/1.73m2/yr, 95%

CI 0.48–1.90, p = 0.001) (Table 3; Fig 2A). Following adjustment for treatment group, the

slope of GFR decline was still slower following PD commencement (-2.69±0.18 mL/min/

1.73m2/yr) compared to the pre-dialysis period (-4.09±0.33 mL/min/1.73m2/yr; change in

slope +1.19 mL/min/1.73m2/yr, 95% CI 0.48–1.90, p<0.001). Almost identical results were

observed after further adjustment for baseline patient characteristics (Table 3).

No statistically significant interaction was found between time and treatment group (early-

start versus late-start). In a sensitivity analysis looking at trends of GFR over time separately in

each group, slopes were -4.55±0.68 and -2.71±0.28 mL/min/1.73m2/yr in the pre- and post-

dialysis periods (change in slope +1.84 (0.43–3.25); p<0.001) in the early-start group and -4.08

±0.39 and -2.50±0.19 mL/min/1.73m2/yr (change in slope +1.58 (0.69–2.46); p<0.001) in the

late-start group (Table 4; Fig 2B; S1 Fig). Adjustment for baseline patient characteristics

resulted in similar values.

Secondary outcomes

The overall decline in 24-hour urine volume over the study period was -0.64±0.03 L/yr. When

allowing for the change in slope at dialysis commencement, urine volume decline was faster

after PD commencement (-0.74±0.05 L/yr) than in the pre-dialysis period (-0.57±0.06 L/yr;

change in slope -0.18 L/yr, 95% CI -0.34—-0.01, p = 0.04) (S1 Table; S2A Fig). Adjusting for

treatment group and further adjusting for other patients’ baseline characteristics produced

similar results (S1 Table).

The effect of group allocation in the IDEAL study was explored by including an interaction

term in the model which showed that the between-group differences in slopes and pre/post

Fig 1. Study flow diagram. PD = peritoneal dialysis.

https://doi.org/10.1371/journal.pone.0242254.g001
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changes in urine volume were also not statistically significant. Despite the non-significant

results for the effect of group allocation, sub-group analyses were done. Change in the slopes

of urine volume over time in the pre- and post-dialysis initiation periods was not statistically

significant in the early-start group (difference +0.01 L/yr, 95% CI -0.29 to 0.31, p = 0.96),

Table 1. Baseline characteristics of the included patients at enrollment.

EARLY LATE P value TOTAL

n = 79 n = 72 early vs late n = 151

Age (years) 62.8 ± 11.6 60.7 ± 10.9 0.2 61.8 ± 11.3

Male sex 49 (62%) 51 (71%) 0.3 100 (66%)

Ethnicity 0.8

Caucasian 57 (72%) 53 (74%) 110 (73%)

Non-Caucasian 22 (28%) 19 (26%) 41 (27%)

Height (m) 1.67 ± 0.09 1.69 ± 0.09 0.1 1.68 ± 0.09

Weight (kg) 78.6 ± 13.5 76.6 ± 14.6 0.4 77.7 ± 14.0

BMI (kg/m2) 28.3 ± 4.6 26.7 ± 4.0 0.02� 27.6 ± 4.4

<18.5 0 (0%) 1 (1%) 1 (1%)

18.5–24.9 20 (25%) 23 (32%) 43 (28%)

25–29.9 34 (43%) 33 (46%) 67 (44%)

30+ 25 (32%) 15 (21%) 40 (26%)

Primary kidney disease 0.9

Diabetic nephropathy 27 (34%) 24 (33%) 51 (34%)

Hypertension/ Renovascular disease 13 (16%) 11 (15%) 24 (16%)

Glomerulonephritis 11 (14%) 10 (14%) 21 (14%)

Polycystic kidney disease 5 (6%) 8 (11%) 13 (9%)

Other 23 (29%) 19 (26%) 42 (28%)

Failed transplant 1 (1%) 2 (3%) 0.5 3 (2%)

PD modality 0.6

CAPD 76 (96%) 68 (94%) 144 (95%)

APD 3 (4%) 4 (6%) 7 (5%)

Initial dialysis dose 0.8

Incremental 11 (14%) 9 (13%) 20 (13%)

Full 68 (86%) 63 (88%) 131 (87%)

Smoking status 0.9

Never 31 (39%) 27 (38%) 58 (38%)

Current 5 (6%) 5 (7%) 10 (7%)

Former 43 (54%) 40 (56%) 83 (55%)

Comorbidities

Diabetes mellitus 35 (44%) 28 (39%) 0.5 63 (42%)

Hypertension 72 (91%) 67 (93%) 0.7 139 (92%)

CVD 30 (38%) 26 (36%) 0.8 56 (37%)

Medication

Diuretic 47 (59%) 29 (40%) 0.02 76 (50%)

ACE inhibitor/Angiotensin II blocker 50 (63%) 50 (69%) 0.4 100 (66%)

ACE = angiotensin-converting enzyme; APD = automated peritoneal dialysis; BMI = body mass index; CAPD = continuous ambulatory peritoneal dialysis;

CVD = cardiovascular disease (defined as a composite of ischemic heart disease, congestive heart failure and peripheral vascular disease); PD = peritoneal dialysis.

Values are expressed as frequency (percentage) for categorical variables, mean ± standard deviation for normally distributed continuous variables, and median

(interquartile range) for non-normally distributed continuous variables.

There were no missing data for all variables reported.

�Reported P value for BMI as a continuous variable compared between groups. P value for BMI categories between groups = 0.3.

https://doi.org/10.1371/journal.pone.0242254.t001
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whereas the rate of decline in urine volume during the PD period was higher than in the pre-

dialysis period in the late-start group (difference -0.26 L/yr, 95% CI -0.49 to -0.04, p = 0.02)

(S2 Table and S2B and S2C Fig). Adjustment for patients’ baseline characteristics yielded simi-

lar values.

Time to anuria from PD start was similar between the early-start and late-start groups (log-

rank test p-value = 0.08; S3 Fig). Using multivariable Cox regression including variables with a

p-value <0.2 at the univariable level, higher BMI and incremental initial dialysis dose were

associated with shorter time to anuria (S3 Table). However, it should be noted that only 20

patients overall (11 early-start and 9 late-start) were started on an incremental regimen. Of

those, 11 (8 early-start and 3 late-start) became anuric over the study period. Treatment group

was not associated with time to anuria from PD start.

Additional analyses were also performed to evaluate time to anuria from start of observa-

tion time, at which time point GFR was similar between groups (Table 2). Kaplan-Meier sur-

vival curves were comparable between groups (log-rank test p-value = 0.62; S4 Fig) and

Table 2. Descriptive data on observation time, glomerular filtration rate, 24-hour urine volume and anuria.

EARLY LATE P value TOTAL

n = 79 n = 72 early vs late n = 151

OBSERVATION TIME WITH AVAILABLE URINE COLLECTIONS

Total observation time (in years) 2.5 (1.2–3.1) 2.7 (1.9–3.0) 0.3 2.6 (1.5–3.0)

Observation time pre dialysis initiation (in years) 0.3 (0.1–0.8) 0.9 (0.5–1.6) <0.001 0.6 (0.2–1.2)

Observation time post dialysis initiation (in years) 1.7 (0.8–2.7) 1.5 (0.8–1.9) 0.05 1.6 (0.8–2.2)

GFR

GFR at start of observation time (mL/min/1.73m2) 10.3 (8.1–13.0) 9.9 (7.9–12.7) 0.6 9.9 (8.0–12.9)

GFR at dialysis initiation (mL/min/1.73m2) 7.8 (6.2–10.3) 6.1 (4.9–7.6) <0.001 6.7 (5.5–9.4)

24-HOUR URINE VOLUME

Urine volume at start of observation time (in L) 1.95 (1.63–2.53) 2.06 (1.70–2.72) 0.3 1.98 (1.66–2.63)

Urine volume at dialysis initiation (in L) 1.75 (1.36–2.14) 1.77 (1.26–2.22) 0.8 1.75 (1.30–2.18)

ANURIA

Number of patients who became anuric (%) 26 (33%) 23 (32%) 0.9 49 (32%)

Time to anuria from start of observation time (in years) 2.5 (1.4–3.0) 2.5 (1.7–2.7) 0.9 2.5 (1.5–2.7)

Time to anuria from dialysis initiation (in years) 1.7 (1.2–2.3) 1.7 (1.0–2.2) 0.5 1.7 (1.2–2.2)

GFR = glomerular filtration rate, calculated as mean of creatinine and urea clearances from a 24-hour urine collection, corrected for body surface area.

Values are expressed as median (interquartile range) if not indicated otherwise.

https://doi.org/10.1371/journal.pone.0242254.t002

Table 3. Trend of glomerular filtration rate over time (in mL/min/1.73m2/yr) for all patients.

ALL PATIENTS

n = 151

Overall trend over time -2.99 ± 0.16

Trend during the pre- and post-dialysis initiation periods PRE POST CHANGE

Value (95% CI) P value

Unadjusted model -3.90 ± 0.32 -2.71 ± 0.18 +1.19 (0.48–1.90) 0.001

Adjusted for treatment group model -4.09 ± 0.33 -2.69 ± 0.18 +1.40 (0.68–2.12) <0.001

Exploratory model� -4.10 ± 0.33 -2.69 ± 0.18 +1.41 (0.67–2.14) <0.001

�Adjusted for patients’ characteristics at enrollment: treatment group (early- vs. late-start), age, sex, ethnicity (Caucasian vs non-Caucasian), initial dialysis dose

(incremental vs full), presence of diabetes mellitus and history of cardiovascular disease.

https://doi.org/10.1371/journal.pone.0242254.t003
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Fig 2. Trend of glomerular filtration rate (normalized to BSA) over time [A] in all patients and [B] for each

treatment group. The gray lines represent individual patient measurements and the black lines represent the predicted

slopes in the pre- and post-dialysis initiation periods.

https://doi.org/10.1371/journal.pone.0242254.g002

Table 4. Trend of glomerular filtration rate over time (in mL/min/1.73m2/yr) in the early and late dialysis start groups.

EARLY-START GROUP LATE-START GROUP

n = 79 n = 72

Overall trend over time -2.93 ± 0.26 -3.05 ± 0.17

Trend during the pre- and post-dialysis initiation

periods

PRE POST CHANGE PRE POST CHANGE

Value (95% CI) P value Value (95% CI) P value

Unadjusted model -4.55 ± 0.68 -2.71 ± 0.28 +1.84 (0.43–

3.25)

<0.001 -4.08 ± 0.39 -2.50 ± 0.19 +1.58 (0.69–

2.46)

<0.001

Exploratory model� -4.68 ± 0.71 -2.71 ± 0.28 +1.97 (0.50–

3.44)

0.008 -4.07 ± 0.39 -2.49 ± 0.19 +1.58 (0.70–

2.46)

<0.001

�Adjusted for patients’ characteristics at enrollment: age, sex, ethnicity (Caucasian vs non-Caucasian), initial dialysis dose (incremental vs full), presence of diabetes

mellitus and history of cardiovascular disease.

https://doi.org/10.1371/journal.pone.0242254.t004
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treatment group was not significantly associated with time to anuria from start of observation

time in univariable Cox regression. In multivariable Cox regression, higher BMI was associ-

ated with a shorter time to anuria (S3 Table).

Discussion

This post hoc analysis of the IDEAL trial, evaluating the early and late initiation of dialysis,

showed that PD initiation was associated with a significantly slower decline of RKF, defined as

GFR normalized to BSA, compared to pre-dialysis. This attenuation in the rate of decline was

not significantly different between the early and late PD start groups. Time to anuria was also

similar irrespective of the timing of dialysis commencement.

Results from this study on the association of PD initiation with GFR trend are in line with

previous reports in PD patients from the NECOSAD study [10] and two other retrospective

studies [8, 9]. However, the rate of decline reported in the present study in the pre-dialysis

period was much lower (3.9 mL/min/1.73m2/yr) than those reported in the three previously

mentioned studies (6.6 [10], 7.1 [9] mL/min/1.73m2/yr and 11.3 [8] mL/min/yr). These dis-

crepancies may be explained by different methods of GFR estimation across the different stud-

ies (creatinine clearance from 24-hour urinary and serum creatinine;[8] MDRD formula in

the pre-dialysis period [9] and average of creatinine and urea clearances from 24-hour urine

collection, corrected for BSA, in the present study) and by a longer pre-dialysis observation

time in the present study compared to both the NECOSAD study [10] and the Canadian study

[9] (only evaluated the year preceding dialysis commencement). Moreover, the pre-dialysis

rate of GFR decline observed in our study is in line with the findings from a systematic review

[15] of studies reporting weighted annual mean GFR decline of 2.4 mL/min/1.73m2/yr in

chronic kidney disease cohorts (3.0 mL/min/1.73m2/yr in stage 5 CKD). The rate of GFR

decline in the PD period observed in the present study is similar to values reported in previous

studies [9, 16], although higher than that reported in the NECOSAD study (1.32 mL/min/

1.73m2/yr) [10].

The slower decline of GFR in the PD period compared to the pre-dialysis period was

observed in both the early and late PD start groups and no significant interaction was found

between change in RKF slope and allocated group.

For the secondary outcome, commencement of PD was associated with a faster decline in

urine volume than in the pre-PD period. This result contrasts with the findings for GFR

decline, which was attenuated with PD initiation. However, we are uncertain of the signifi-

cance of the findings related to urine volume because diuretic use surrounding the time of dial-

ysis initiation could not be assessed in this study. This warrants careful interpretation of urine

volume analyzed independently of measured solute clearance in this context, as supported by a

previous study on the role of diuretics in the preservation of RKF in PD patients showing that

urea and creatinine clearances were not affected by diuretics administration, whereas urine

volume was increased with diuretic use [17]. Although no interaction was shown between allo-

cation groups (early- vs. late-start) and the change in rate of decline in urine volume, sub-

group analyses showed diverging results. This should be interpreted with caution as diuretic

use at dialysis initiation could not be assessed and may have been different between the early-

and the late-start group.

Furthermore, findings from the current study reinforce the assertion that urine volume is

not a good surrogate for GFR and that both urine volume and GFR should be assessed in PD

patients with efforts made to preserve both. This is also supported by results from the

CANUSA study [18]. This study, evaluating the association of adequacy of dialysis with clinical

outcomes in incident PD patients, found a correlation of total (renal and peritoneal) solute
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clearance with morbidity and mortality outcomes [18]. In a reanalysis of the CANUSA study,

lower GFR was associated with mortality in a multivariable Cox regression model. However,

when urine volume was added to the model, the association of GFR with survival was

removed, while an increase of 250 ml of urine per day was associated with a 36% decrease in

the risk ratio of death [19].

In the evaluation of anuria, higher BMI was consistently associated with this outcome, in

keeping with the findings of previous studies [20–22]. Time to anuria from either PD com-

mencement or start of observation time was not significantly different between early and late

dialysis start groups. This finding is in line with the main conclusions from the IDEAL trial,

which found similar clinical outcomes (including survival) between the two study groups. The

association of PD initiation with a slowing of RKF decline should be balanced against the eco-

nomic implications and impact on quality of life of PD commencement. It should also be kept

in mind that RKF is a surrogate outcome and earlier initiation of PD was not shown to be asso-

ciated with either a longer time to anuria in the present post hoc analysis or better survival in

the original IDEAL study.

Many hypotheses have been evoked to explain an apparent attenuation in the rate of decline

of RKF with PD initiation. PD itself might help reduce the burden on the remaining glomeruli

through removal of solute and fluid in a continuous manner, thereby decreasing hyperfiltra-

tion injury and the subsequent GFR decline. Peritoneal urea and creatinine clearance in PD

patients contributes to removal of those solutes, thereby decreasing their filtered glomerular

load. Consequently, the estimation of glomerular filtration rate using measurements of small

solute clearance might be affected by the additional peritoneal clearance. On the other hand,

this peritoneal clearance might have an impact on the osmolar load of urea, which could

decrease its contribution to urea-induced osmotic diuresis. Thus, the combined evaluation of

both eGFR and urine volume in PD patients appears to have more value than a single measure-

ment to assess residual kidney function. Nephrotoxic solute accumulation [23], oxidative stress

[24] and metabolic acidosis [25] are also possible contributors to GFR decline in the pre-dialy-

sis phase which might be corrected by PD, thereby mitigating their effect on RKF loss. Finally,

more gentle, continuous fluid removal by PD might better preserve RKF compared to inten-

sive diuretic bolus use with important hemodynamic changes in the pre-dialysis period.

The strengths of this study include its large sample size, long median observation period

(2.6 years), involvement of 32 centers and regular, scheduled 24-hour urine volume collections

which enhanced both internal and external validity. Moreover, in contrast to some of the pre-

vious studies [9], the same GFR measure was used in both the pre- and post-dialysis periods,

which enabled fair comparison of RKF decline in these periods.

However, those strengths should be balanced with the limitations of the study. As this was a

post hoc analysis of a previous randomized controlled trial, it was not designed specifically for

this aim. Consequently, the observation times in both the pre- and post-dialysis periods varied

widely between patients and across groups. In particular, pre-dialysis follow-up time was

shorter in the early start group because, in order to mitigate the risk of lead time bias, patients

were randomized when their GFR fell below 15 mL/min/1.73m2 to either early start (GFR 10–

15 mL/min/1.73m2) or late start (5–7 mL/min/1.73m2). Since GFR at time of enrollment was

comparable in both groups (10.3 (8.1–13.0) vs 9.9 (7.9–12.7) mL/min/1.73m2), time from

enrollment to dialysis commencement was shorter in the early-start group, thereby reducing

the time over which GFR slope was observed. As part of the initial study, medications were

recorded at enrollment and subsequently at each follow-up visit after dialysis start. Unfortu-

nately, they were not recorded during the pre-dialysis initiation period and were not available

for the majority of patients at the time of dialysis commencement. Therefore, it was not possi-

ble to reliably account for medications in our models and use of certain relevant medications
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(particularly diuretics and angiotensin converting enzyme inhibitors) should be considered as

a potential confounder. Moreover, other risk factors known to be associated with RKF decline

were not able to be evaluated. These included, but were not limited to the use of nephrotoxic

drugs and intravascular radiocontrast, serum bicarbonate levels in the pre-dialysis period, rate

of peritonitis in the PD period, occurrence of episodes of dehydration and degree of protein-

uria. Due to the number of patients included, it was not possible to adjust for all known patient

characteristics, such as primary kidney disease. However, the most relevant factors associated

with loss of RKF identified in previous studies (for example, diabetes) were included in analy-

ses. Furthermore, dialysis dose was not included in analyses because the piecewise regression

model used the pre- and post-dialysis initiation periods in the same model and the exact dialy-

sis dose was not recorded at dialysis initiation for 87% of patients. Nevertheless, incremental

vs. full dialysis dose at initiation was recorded as a binary variable, which was included in the

exploratory model. Finally, analyses were based on the assumption that RKF declines in a lin-

ear fashion. The analyses conducted allowed for a clinically relevant interpretable estimation

of the decline and was in line with previous studies based on the same assumption.

In conclusion, this post hoc analysis of the IDEAL study shows that the rate of decline in

GFR is lower in the PD period compared to the pre-dialysis initiation period, which was seen

in both the early-start and late-start dialysis groups. The trend in urine volume over time dif-

fered from that of GFR measurements normalized to BSA, thus supporting the evaluation of

RKF based on estimation of GFR rather than urine volume alone.
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the predicted slopes in the pre- and post-dialysis initiation periods.
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S4 Fig. Time to anuria from start of observation time comparing early and late dialysis
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