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Key Points

e There are important national and center differences in the prescription of icodextrin, with the United States a
clear outlier; across all countries, icodextrin was more likely to be used if membrane function tests indicated
reduced ultrafiltration capacity to glucose.

e This large, international observational study was unable to show patient or hemodialysis transfer advantages to
icodextrin use.

e Where use of icodextrin was low, this was compensated for by much greater use of high glucose and overall
higher ultrafiltration volumes at each level of urine volume; this practice may confound associations between
icodextrin and survival outcomes.

Abstract

Background Icodextrin has been shown in randomized controlled trials to benefit fluid management in
peritoneal dialysis (PD). We describe international icodextrin prescription practices and their relationship to
clinical outcomes.

Methods We analyzed data from the prospective, international PDOPPS, from Australia/New Zealand, Canada,
Japan, the United Kingdom, and the United States. Membrane function and 24-hour ultrafiltration according to
icodextrin and glucose prescription was determined at baseline. Using an instrumental variable approach, Cox
regression, stratified by country, was used to determine any association of icodextrin use to death and
permanent transfer to hemodialysis (HDT), adjusted for demographics, comorbidities, serum albumin, urine
volume, transplant waitlist status, PD modality, center size, and study phase.

Results Icodextrin was prescribed in 1986 (35%) of 5617 patients, >43% of patients in all countries, except in the
United States, where it was only used in 17% and associated with a far greater use of hypertonic glucose. Patients
on icodextrin had more coronary artery disease and diabetes, longer dialysis vintage, lower residual kidney
function, faster peritoneal solute transfer rates, and lower ultrafiltration capacity. Prescriptions with or without
icodextrin achieved equivalent ultrafiltration (median 750 ml/d [interquartile range 300-1345 ml/d] versus 765
ml/d [251-1345 ml/d]). Icodextrin use was not associated with mortality (HR=1.03; 95% CI, 0.72 to 1.48) or HDT
(HR 1.2; 95% (I, 0.92 to 1.57).

Conclusions There are large national and center differences in icodextrin prescription, with the United States
using significantly less. Icodextrin was associated with hypertonic glucose avoidance but equivalent
ultrafiltration, which may affect any potential survival advantage or HDT.

KIDNEY360 3: 872-882, 2022. doi: https://doi.org/10.34067 /KID.0006922021

'School of Medicine, Keele University, Keele, United Kingdom

2Arbor Research Collaborative for Health, Ann Arbor, Michigan

3School of Medicine, Kyungpook National University Hospital, Daegu, South Korea

“Queen Mary Hospital, The University of Hong Kong, Hong Kong, P.R. China

>Renal and Metabolic Division, George Institute for Global Health, UNSW Medicine, Sydney, Australia
®Department of Renal Medicine, St. George Hospital, Sydney, Australia

’University of Washington, Department of Medicine, Seattle, Washington

8Division of Nephrology, Department of Medicine and Center of Excellence in Kidney Metabolic Disorders and Dialysis Policy and Practice
Program (DiP3), School of Global Health, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
“Tsuchiya General Hospital, Hiroshima, Japan

10st. Michael’s Hospital, Toronto, Canada

Correspondence: Prof. Simon J. Davies, David Weatherall Building, Faculty of Medicine and Health Sciences, Keele University,
Keele, United Kingdom. Email: simonj.davies55@gmail.com

872 Copyright © 2022 by the American Society of Nephrology www.kidney360.org Vol 3 May, 2022



https://doi.org/10.34067/KID.0006922021
https://orcid.org/0000-0001-5127-4755
https://orcid.org/0000-0003-1995-1888
https://orcid.org/0000-0003-2508-7117
https://orcid.org/0000-0003-2269-312X
https://orcid.org/0000-0003-2833-067X
https://orcid.org/0000-0002-2996-8934
https://orcid.org/0000-0002-1207-0888
mailto:simonj.davies55@gmail.com

KIDNEY360 3: 872-882, May, 2022

Introduction

Volume overload is common in patients on peritoneal dial-
ysis (PD) (1) and is linked to cardiovascular disease, the
leading cause of death in kidney failure (2). Poor peritoneal
ultrafiltration contributes to volume overload and is an
important reason for hemodialysis (HD) transfer (HDT) in
patients on PD (3,4). Icodextrin, a dialysis solution contain-
ing macromolecules, is able to maintain ultrafiltration for
the long dwell (8-16 hours) and has been shown in clinical
trials to improve volume status (5,6), increase ultrafiltration
compared with glucose, and reduce episodes of overhydra-
tion in both continuous ambulatory peritoneal dialysis and
automated peritoneal dialysis (APD) (7,8). A recent
enriched meta-analysis (8) supports the theoretical predic-
tion that icodextrin will have its greatest effect when the
peritoneal solute transfer rate (PSTR) is above average,
which is important, given the consistent finding that this
aspect of membrane function has been associated with
increased mortality on PD (9,10). Reduced net ultrafiltra-
tion and excess fluid reabsorption in the long exchange is
one of the putative mechanisms whereby a faster PSTR
leads to worse survival, and guidelines recommend icodex-
trin use under these circumstances (10).

Randomized controlled trials of icodextrin use have not
shown a benefit in HDT and only a suggestion of a survival
benefit (7,8). This may reflect a lack of power in these trials,
which were never designed to investigate these outcomes,
even when brought together in meta-analyses (7,8). As a
result, reliance on robust observational data is necessary.
The Peritoneal Dialysis Outcomes and Practice Patterns
Study (PDOPPS), one of the largest international PD cohort
studies to date, is a unique opportunity to understand how
icodextrin prescription varies by country and by patient
and center characteristics, and whether its use translates
into clinical benefits, including enhanced ultrafiltration and
superior patient outcomes. We sought to test the hypothe-
sis that icodextrin use is associated with increased 24-hour
peritoneal ultrafiltration and improvements in patient sur-
vival and HDT.

Materials and Methods
Study Population

PDOPPS is an international prospective cohort study in
collaboration with the International Society for Peritoneal
Dialysis (11). Patients =18 years of age receiving mainte-
nance PD (excluding combination HD/PD hybrid therapy)
were enrolled randomly from national samples of ran-
domly selected PD facilities treating a minimum of 20 PD
patients. Study approval was obtained by a central national
or institutional review board. Additional study approval
and patient consent were obtained as required by national
and local ethics committee regulations. Further study
details are provided at https://www.dopps.org/
OurStudies/ Peritoneal DialysisPDOPPS.aspx.

The current analysis was restricted to Australia/New
Zealand, Canada, Japan, the United Kingdom, and the
United States in PDOPPS phases 1-2 (phase 1: 2014-2018;
phase 2: 2018-2021) because icodextrin was not available in
Thailand. To avoid inclusion of patients with cardiorenal
syndrome using icodextrin as an adjunct volume removal
strategy, patients with a single icodextrin exchange only
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per day, or those with implanted cardiac defibrillators
were excluded. Incident patients with <3 months on PD
were excluded.

Study baseline was defined as the initial 4-month interval
for each patient where information on icodextrin use or not
was captured. Of those on icodextrin at baseline, 88%
remained on it throughout the study, whereas 84% of those
not on icodextrin at baseline continued to remain off ico-
dextrin throughout the study.

Patient demographics and comorbidities were captured
for each patient. Laboratory measurements, blood pres-
sure, membrane function as determined from a peritoneal
equilibration test (PET), including PSTR (dialysate/plasma
creatinine ratio at 4 hours) and the ultrafiltration capacity
(net ultrafiltration using glucose 2.5%, which was the con-
centration used in 94% of tests across all countries), dialy-
sis prescription details, 24-hour urine, and ultrafiltration
volumes were captured at baseline. Center-level practices
of the frequency of undertaking PETs were obtained from
a questionnaire administered to the nurse study coordina-
tor at participating facilities. Data were obtained from
manual medical chart extraction and entered into a web-
based data collection tool, with the exception of US
patients receiving care at large dialysis organization sites
where data were imported from electronic health records.
High glucose prescription was defined as any use of 2.27%
or 3.86% solutions.

Statistical Analyses

Icodextrin use at baseline was the exposure of interest.
Outcomes of interest included 24-hour ultrafiltration at
baseline, permanent HDT, and all-cause mortality. Tempo-
rary HDT /hybrid where the patient did not return to PD
within 12 weeks was also defined as HDT. Dying within
7 days of permanent or temporary HDT or hybrid therapy
was considered a death (not HDT) outcome. To establish
prescription practices, patient-level use of icodextrin was
analyzed according to known clinical indications, including
comorbidities, level of residual kidney function, dialysis
glucose prescription, and, where available, peritoneal
membrane function (PSTR and ultrafiltration capacity). The
influence of center-level practices for the determination of
membrane function on icodextrin use was also investigated.

Cox regression was used to analyze the association of ico-
dextrin with death, HDT, and combined outcome of either
death or HDT. Follow-up started at study baseline and
ended at whichever came first: death, 7 days after modality
switch, loss to follow-up, transplantation, or study end.

To reduce confounding by indication, all models were
adjusted for patient-level confounders, including PDOPPS
phase, patient age, sex, time on PD (PD vintage), comorbid-
ities, urine volume, albumin, and transplant waiting list
status. To adjust for possible center-level confounding, we
also adjusted for center size and percentage APD use.

Instrumental Variable Analyses

In order to account partially for patient-level unmeas-
ured confounders (e.g., markers of metabolic and/or
volume management challenges) that may affect the rela-
tionship between icodextrin use and outcomes, we con-
ducted analyses applying an instrumental variable
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approach that used the dialysis center as the instrument
(12-15). The first stage used a linear model on dialysis cen-
ter and patient factors listed above to predict icodextrin
use. The second stage was a Cox model for survival
outcomes such as mortality or HDT (16). The first-stage
F statistic, used to reject the null hypothesis of weak instru-
ments, was 10, with the interpretation that the instrumental
variable estimates are less biased than standard regression
(13,17,18).

Subgroup Analysis and Sensitivity Analysis

To explore if associations between icodextrin use and
outcomes differed by patient/treatment characteristics,
models were repeated by specified subgroups (see
Supplementary Material): age, body mass index, PSTR,
urine volume, diabetic status, PD modality, region, dialysis
assistance, and use of biocompatible dialysis fluid. We cal-
culated a P value for the interaction between icodextrin use
and the subgroup variable (e.g., diabetes yes/no) using a
likelihood ratio test, comparing the model with all main-
effect adjustments and icodextrin use to the model with the
indicated interaction with icodextrin use. Because the alter-
native to an icodextrin day dwell would be a glucose day
dwell, a sensitivity analysis excluding dry-day patients on
APD was also performed.

Treatment of Missing Data

Missing data were multiply imputed using the sequential
regression multiple imputation method by IVEware.
Results from 20 such imputed datasets were combined for
the final analysis using Rubin’s formula. The proportion of
missing data was <10% for all imputed covariates, with
the exception of urine volume (33%) and transplant waiting
list status (26%). Membrane function (80%) and 24-hour
ultrafiltration (60%) were not imputed or used in models
due to the amount of missing data.

11375 sample patients
in PDOPPS

Results
Icodextrin Practice Patterns

Icodextrin was used in 1986 of the 5617 (35%) patients
included in the analysis (Figure 1), although this differed
substantially by country: 43%-56% of patients in Austra-
lia/New Zealand, Canada, Japan, and the United Kingdom
compared with 17% of patients in the United States. Across
all countries, use of icodextrin was lower among patients
on PD for <1 year (Supplemental Figure 1). Marked
within-country center variation was observed within all
PDOPPS regions (Figure 2). For example, the bottom 25th
percentile of facilities in Canada used icodextrin for =30%
of their patients compared with =83% in the upper 75th
percentile. This center variation in practice was still appar-
ent when the 1328 APD dry-day patients not eligible for
icodextrin were excluded (Supplemental Figure 2).

Icodextrin use according to patient and treatment charac-
teristics is presented in Table 1. To clarify the country-level
differences further, distributions of all covariates by coun-
try and icodextrin status are also presented in Table 2 and
Supplemental Table 1. Patients prescribed icodextrin were
more likely to have coronary artery disease and diabetes,
have been on PD treatment longer, have lower residual
24-hour urine volume and kidney function, use more
hypertonic glucose, and have a faster PSTR. These prescrip-
tion practices were similarly observed across all countries
regardless of the overall icodextrin use, with the exception
that in the United States, there was no significant increase
in icodextrin use with time on treatment (see Supplemental
Figure 1), and its use was not associated with a reduction
in the use of hypertonic (2.27% or 3.86%) glucose, which
overall was higher than in other countries (Table 2). At a
center level, there was considerable variation in the
reported approach to routine membrane function testing.
In the United States, 13% of centers reported a policy of
routine membrane function testing in prevalent patients,
whereas this proportion was 39%, 27%, 73%, and 68% for
Australia/New Zealand, Canada, Japan, and the United

¢ Exclude 2138 patients in Thailand

e Exclude 2241 patients in one of the US
LDOs that has no icodextrin data available
Exclude 648 patients elsewhere that have
no icodextrin information

A 4

6348 patients with

icodextrin data i e Exclude 88 hybrid patients

e Exclude 18 CAPD patients with only 1 daily
exchange and that exchange is icodextrin

* Exclude 36 patients with implanted cardiac
defibrillators (ICD)

: * Exclude 197 patients with missing or < 3

4 i months vintage

5617 patients in i * Exclude 392 patients with no follow-up time

primary analysis

Figure 1. | Patient inclusion and exclusion criteria.
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Figure 2. | Distribution of the center-level proportion of patients using icodextrin by country, including all patients. A/NZ, Australia/
New Zealand; UK, United Kingdom; US, United States. Note: icodextrin data are not available in one US large dialysis organization.

Kingdom, respectively (Supplemental Figure 3). Overall,
icodextrin was prescribed in 47% of patients treated in cen-
ters that do routine PETs compared with 37% that do not.

Outcome: Peritoneal Ultrafiltration

The median 24-hour peritoneal ultrafiltration was 765 ml/d
(interquartile range [IQR] 251-1345) and 750 (IQR 300-1345)
for users and nonusers of icodextrin, respectively. As
would be expected, the achieved 24-hour peritoneal ultra-
filtration was strongly affected by the residual 24-hour
urine volume (Figure 3). Icodextrin use was not associ-
ated with increased ultrafiltration regardless of whether
the concomitant use of high (any glucose concentration
>1.36%) or low PD glucose prescriptions were used. How-
ever, where data were available, this demonstrated prefer-
ential use of icodextrin in patients with faster PSTR and
substantially reduced ultrafiltration capacity. This was
seen in all countries and translated into an equivalent
amount of net 24-hour ultrafiltration stratified for urine
volume when compared with patients not treated with ico-
dextrin (Figures 3 and 4 and Supplemental Figure 4). Ico-
dextrin use was also associated with an equivalent daily
ultrafiltration volume, despite these patients using sub-
stantially less hypertonic glucose overall, especially in
those with low urine volume. The patients for whom this
additional information was available did not differ from
the whole group in terms of demographics, although the
data were relatively more complete for Japan and less
complete for the United States.

Outcomes: Patient Survival and HDT

During a median follow-up of 1.14 years (IOR 0.62-1.86),
712 patients died, and 1167 patients had HDT events (the
11 patients who died within 7 days of HDT were counted
as death). When using an instrumental variable analysis,
icodextrin use was not significantly associated with the risk

of death (hazard ratio [HR]=1.03; 95% confidence interval
[95% CI], 0.72 to 1.48), HDT (HR=1.2; 95% CI, 0.92 to 1.57),
or death/HDT (HR=1.12; 95% CI, 0.9 to 1.38; Figure 5,
model 5). Omitting the dry-day patients on APD did not
have substantial effects on the outcomes from the instru-
mental variable analyses (Supplemental Table 2). Infection
was the most common cause of HDT, followed by either
inadequate solute clearance or ultrafiltration and psychoso-
cial/medical problems, among patients with or without
icodextrin use (Supplemental Figure 5).

Subgroup Analyses

We analyzed the association between icodextrin use and
outcomes among a number of subgroups of interest. None
of the interactions investigated had a P value <0.05
after accounting for multiple comparisons by using the
Benjamini-Hochberg false discovery rate correction, whether
dry-day patients on APD were included or excluded (Figure 6
Supplemental Tables 3 and 4).

Discussion
In the largest global survey of icodextrin prescription

practices to date, we found substantial country- and center-
level variation in its use. In particular, practices in the
United States were different from other countries in terms
of both a lower frequency of icodextrin use and the lack of
an increase in its prescription with time on treatment
(Supplemental Table 5). The explanation of this marked dif-
ference is likely to be multifactorial, but some postulations
can be made. The proportion of centers undertaking rou-
tine membrane function testing in prevalent patients was
the lowest for the United States (Supplemental Figure 3),
which may translate into a lower likelihood of identifying
patients who might benefit from icodextrin, or conversely
less membrane testing and icodextrin use, so as to keep
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employs routine PET, %

Table 1. Patient characteristics by icodextrin use
Characteristics No Icodextrin Icodextrin
Patient/treatment N=3631 N=1986
characteristics patients patients
Time on PD, yr 1.1 (0.5-2.6) 1.2 (0.5-2.9)
<1 48% 46%
1-1.9 20% 18%
=2 33% 37%
Age, yr 60 (15) 62 (15)
Men, % 58% 66%
Us Black, % 30% 25%
Time with ESRD, yr 1.5 (0.6-3.3) 1.6 (0.6-3.5)
Body mass index, kg/ m? 27 (6) 28 (6)
PD modality
CAPD 24% 36%
APD 76% 64%
APD with wet day, % 47% 99%
APD with dry day, % 53% 1%
Caregiver(s) involved 15% 19%
in PD exchanges, %
Systolic blood pressure, 138 (23) 139 (23)
mm Hg
<110 9% 9%
110-149 61% 60%
=150 30% 32%
Comorbidities
Coronary artery disease 19% 25%
Cerebrovascular disease 7% 11%
Congestive heart failure 10% 13%
Peripheral vascular disease 9% 14%
Other cardiovascular disease 12% 15%
Hypertension 82% 90%
Diabetes 46% 51%
Gastrointestinal bleeding 2% 3%
Lung disease 4% 6%
Neurologic disease 3% 5%
Psychiatric disorder 16% 12%
Cancer (nonskin) 9% 12%
Recurrent cellulitis/gangrene 1% 2%
Transplant waitlisted, % 42% 37%
Laboratory values
Phosphorus, mg/dl 53 (1.5) 5.1 (1.3)
Hemoglobin, g/L 11 (2) 11 (2)
Albumin, g/dL 3.5 (0.5) 3.3 (0.5)
Sodium, mEq/L 139 (4) 136 (4)
Serum creatinine, mg/dl 8.8 (3.8) 8.8 (3.5)
24-h urine volume, L 0.9 (0.8) 0.8 (0.7)
<0.5 34% 41%
0.5-0.9 24% 26%
1.0-14 22% 18%
=15 21% 16%
Peritoneal solute transfer rate®  0.66 (0.13) 0.74 (0.12)
Potassium, mEq/L 4.3 (0.6) 4.2 (0.7)
HbAlc in diabetic patients, % 7 (1.5) 7 (1.6)
Cared for at center that 40% 51%

Results shown as prevalence, mean (standard deviation), or
median (interquartile range). CAPD, continuous ambulatory
peritoneal dialysis; APD, automated peritoneal dialysis; PD,
peritoneal dialysis; PET: peritoneal equilibration test.
“Expressed as 4-hour dialysate/plasma creatinine ratio.

down dialysis costs, reflecting the US reimbursement
model. The ANZDATA registry recently reported that the
main center-level factor associated with icodextrin use was
the greater use of membrane function testing (19). Another
likely relevant factor is the consistent finding that the
United States appears to be an outlier in the amount of
ultrafiltration and the use of hypertonic glucose. PDOPPS
previously reported that the use of both 2.27%/2.5% and 3.
86%/4.5% glucose/dextrose is substantially higher in the
United States (20); this is confirmed in the present analysis
in which 45% of patients used the 3.86%/4.5% concentra-
tion in at least one exchange, very few (4%—6%) having pre-
scriptions without use of either 2.27% or 3.86%, and this is
regardless of whether icodextrin is also being used. These
differences in US practices translate into higher overall
24-hour ultrafiltration volumes compared with other coun-
tries, which when combined with urine volume result in
equivalent total fluid removal (see Supplemental Table 1).
The reasons for these country-level differences cannot be
determined from this study but may include dietary and
cultural factors, reflected here by the highest body mass
index being observed in the US patients. Interestingly, US
patients on HD tend to have higher interdialytic weight
gains, pointing to higher fluid intake, which may be reflect-
ing a common underlying cause, such as salt intake (21,22).

The variability in within-country facility-level prescrip-
tion of icodextrin cannot be fully explained by this analysis,
although again frequency of routine membrane function
testing had some effect. By contrast, consistent patterns in
patient-level prescription could be seen. Generally, it was
more frequently prescribed when cardiovascular or dia-
betic comorbidity was present, when residual kidney func-
tion was lower, and when time on therapy was longer,
suggesting a reactive rather than proactive approach to
fluid management. Where membrane function was mea-
sured, patients on icodextrin had on average a faster PSTR
in all countries (Table 2). This faster PSTR translated into
an average reduction of 200-ml ultrafiltration capacity
(using 2.27% glucose)—enough to be clinically significant
and to necessitate the use of more hypertonic glucose if
fluid reabsorption is to be avoided. Given that membrane
function was only measured in a small subset of patients, it
cannot be assumed that this targeting of icodextrin to
patients with less efficient membranes applied to all
patients, but this subgroup was representative of the study
sample based on other similar characteristics. However, it
is likely to contribute to the explanation of why patients on
icodextrin did not achieve overall higher levels of ultrafil-
tration, when stratified for residual urine volume, than
those treated with glucose alone. Randomized trials dem-
onstrate that ultrafiltration with icodextrin is superior to
glucose =2.27% in the long exchange (7,8), but this benefit
would be offset by the use of higher concentrations of
glucose across remaining exchanges as appears to be the
case in this analysis. The most reasonable conclusion to
draw from these data is that icodextrin was being used
selectively to maintain sufficient ultrafiltration in those
with less efficient membranes and more generally to avoid
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Table 2. Therapy characteristics by country and by icodextrin use
Australia/New Zealand Canada Japan United Kingdom United States
Characteristics Non Icodextrin  Icodextrin  No Icodextrin  Icodextrin  No Icodextrin  Icodextrin  No Icodextrin  Icodextrin  No Icodextrin  Icodextrin
Number of patients 317 238 439 551 622 521 240 267 2013 409
Prescribed therapy volume, L 9.5 (3.4) 11 (4) 9.2 (3.7) 11 (4) 6 (2.4) 6.7 (2.7) 8.9 (3.6) 9.8 (4.2) 11 (4) 12 (4)
Nutrineal, % 0 0 1 2 0 0 0 5 0 0
Neutral pH low GDP, % 34 32 9 6 100 99 23 30 a @
PD solution type
Use of 2.27% but not 3.86% 73% 80% 53% 64% 27% 44% 44% 46% 53% 54%
Use of any 3.86% 10% 9% 13% 15% 0% 0% 1% 3% 42% 43%
Without any 2.27% or 3.86% use 17% 12% 34% 21% 73% 56% 55% 52% 6% 4%
Residual Kt/V urea 1(0.9) 0.7 (0.7) 0.9 (0.8) 0.7 (0.6) 0.9 (0.7) 0.6 (0.5) 1.2 (0.7) 0.9 (0.6) 0.9 (0.8) 0.4 (0.5)
Peritoneal Kt/V urea 1.3 (0.6) 1.3 (0.5) 1.2 (0.6) 1.4 (0.5) 1(0.4) 1.1 (0.4) 1.1 (0.5) 1.2 (0.5) 1.5 (0.5) 1.6 (0.5)
Total Kt/V urea 2.3 (0.8) 2.1 (0.8) 2.1 (0.9) 2.1 (0.7) 1.9 (0.6) 1.7 (0.4) 2.4 (0.7) 2.1 (0.6) 2.3 (0.7) 2.1 (0.5)
Results shown as prevalence or mean (standard deviation). GDP, glucose degradation product; PD, peritoneal dialysis.
“Low GDP, neutral-pH solutions are not commercially available in the United States.
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Figures 3. | Twenty-four-hour peritoneal UF stratified by urine volume and country (upper panel), and by icodextrin and glucose pre-

scriptions. High-glucose prescription was defined as any 2.27% or

3.86% solution use. Low-glucose prescription was defined as no

2.27% or 3.86% solution use. As urine volume decreases UF increases, more markedly in the US. Ultrafiltration according to icodextrin

use is not different at equivalent categories of urine volume and glucos

excessive use of hypertonic glucose. The exception to this
was prescription practice in the United States.

This analysis did not find a beneficial association
between icodextrin use and patient survival or HDT.
Indeed, icodextrin use was associated with worse survival
unless this was adjusted for urine volume and plasma albu-
min (Figure 5). This likely reflects its preferential use in
patients with risk factors for worse volume status. Its fail-
ure to improve survival may well reflect our finding that
icodextrin was not associated with more overall ultrafiltra-
tion compared with its nonuse in contrast to randomized
trials in which it is one of the proposed mechanisms by
which it confers clinical benefit (7,8). Given the known
association between faster than average PSTR and worse
survival, it might be postulated that the use of icodextrin

e prescription. UF, ultrafiltration.

may mitigate this survival disadvantage, especially as there
is evidence that it was used preferentially in this half of the
population. Unfortunately, there were insufficient meas-
ures of membrane function for this hypothesis to be tested
here, despite the size of PDOPPS.

In an attempt to account for treatment by indication bias,
we undertook an instrumental variable analysis. This tech-
nique depends on the assumption that the likelihood of a
patient being prescribed icodextrin would in part be deter-
mined by the overall propensity of their PD center to pre-
scribe icodextrin. In particular, this would take advantage
of the marked differences, especially by country, but also
by facilities within countries in the proportion of patients
receiving icodextrin. Potentially this approach would have
most benefited from the discrepancy in icodextrin
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Figure 4. | Peritoneal solute transfer characteristics and UF capacity at study baseline by icodextrin use. (A) D/P creatinine. (B) PET UF
capacity. D/P, dialysate to plasma creatinine ratio at 4 hours on the PET. PET, peritoneal equilibration test.

prescription observed between the United States and other
countries. Another confounding factor in this analytic
approach is the other potential indications for prescribing
icodextrin such as improved glycemic control in diabetics
(23,24), reduced insulin resistance (25), and avoidance of
other concerns that relate to glucose exposure such as
weight gain and dialysate-associated membrane injury (26).
These might explain the large country and center differ-
ences in prescribing that have not been examined here.

The lack of effect on overall risk of HDT was not unex-
pected. In this regard, the PDOPPS cohort is in keeping
with previous randomized controlled trials (7,8). It might
be anticipated that icodextrin use would have a positive
effect on transfers to HD due to suboptimal salt and water
removal, but this occurred in only 27% of overall HDT
events, ranging from 15% in the United States to 41% in
Japan. In another PDOPPS analysis, we recently found that
greater center use of icodextrin was associated with an
increased likelihood of cure after a peritonitis episode (27).

HR(95% Cl)
O Modell A Model2 © Model3 x Model4 < Model5

25

. th
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Figure 5. | Association between icodextrin and clinical outcomes
by sequential adjustment. Instrumental variable models stratified
by country and US large dialysis organization, accounting for cen-
ter clustering. Model 1, adjusted for DOPPS phase only. Model 2,
model 1+age, men, vintage. Model 3, model 2+comorbidities,
transplant waiting list. Model 4, model 3+urine volume, albumin.
Model 5, model 4+center size, center % APD. DOPPS, Dialysis
Outcomes and Practice Patterns Study; APD, automated peritoneal
dialysis.

This may relate to confounding based on icodextrin use
and differences in peritonitis treatment practices across
facilities. Previous studies have shown that icodextrin
reduced biofilm biomass on PD catheters, probably due to
the lack of glucose as carbon source compared with bicar-
bonate/lactate buffered glucose-based solution (28,29).
However, a beneficial effect of icodextrin on HDT was not
observed in the present study.

This study has limitations. As for all observational stud-
ies, especially when the proportion of prevalent subjects is
high, the inferences with respect to cause and effect require
testing in interventional studies, and this is still true,
despite our use of statistical adjustment and instrumental
variables approach to reduce bias. This is especially true if
there are unmeasured clinical practices affecting clinical
outcomes that also increase the likelihood of icodextrin use.
As already indicated, a significant limitation is the missing-
ness of data relating to membrane function, the achieved
24-hour ultrafiltration, and residual urine volume. The rea-
son for this is that we have only included data for measure-
ment of these parameters at 4 months of the study baseline
at which the icodextrin prescription was documented. It is
also clear that many facilities do not measure these varia-
bles routinely. Given that PDOPPS is a prevalent study,
this component of the dataset was inevitably incomplete.
We compared the characteristics of patients (see Table 2)
who had these measures with those who did not, and we
found that there were no differences in the patient popula-
tions, suggesting that the data missingness reflected local
measurement practice rather than a selected patient effect.
This did affect our ability to construct a survival model
that included membrane function, known to be strongly
associated with survival on peritoneal dialysis. Overall,
data missingness was affected by country, being least in
Japan and greatest in the United States. Furthermore, data
were not available on icodextrin prescription from a large
dialysis organization in the United States, which was
excluded from this analysis. If anything, this may have
increased the observed differences between the United
States and other countries. The lack of an objective
measurement of volume status (e.g., bioimpedance) or
assessment of dietary salt and fluid intake is a further
limitation.
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P values for interactions are >0.05.

In summary, there is variation in icodextrin use in the
PDOPPS countries, with notably low use in the United
States where there is much greater dependency on high
glucose concentration solutions, resulting in overall greater
net ultrafiltration. There is also considerable variability in
icodextrin use between facilities in every country. Across
all countries, icodextrin use is more common among
patients who have less residual kidney function and mem-
branes that are less efficient at removing fluid with glucose,
and possibly because of this, the achieved daily ultrafiltra-
tion is not different between those using versus not. There
is, however, considerable variability in routine membrane
evaluation, which may be limiting the use of icodextrin.
Icodextrin also tends to be used in those who have been on
dialysis for longer and have more comorbidities, suggest-
ing that further evaluation of a proactive approach to its
use may be necessary earlier in the course of PD therapy.
Use of icodextrin therefore appears to be targeted toward a
group expected to have worse survival chances, and this
cannot be completely accounted for by survival modeling.
Its use can, however, avoid the excessive use of hypertonic
glucose without detriment.
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