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ABSTRACT
Background: Residual Renal Function (RRF) preservation is related to survival in Peritoneal Dialysis (PD) patients.
The effect of different PD modalities on RRF is unclear. Objectives: To analyse the evolution of RRF function in
patients in PD, maintained with automated peritoneal dialysis (APD) and continuous ambulatory peritoneal
dialysis (CAPD), and study other possible factors related to RRF decline. Methods: A single-centre retrospective
study with 104 incident PD patients (48 CAPD and 56 APD). Patients with no RRF function at PD beginning were
excluded. The mean age was 52.1±16 years, 70% were male and 16% diabetics. Thirteen patients used low glucose degradation product (GDP) solutions and 57 patients were using icodextrin. The use of diuretics, angiotensinconverting enzyme inhibitors and angiotensin II receptor blockers was also analysed. RRF and diuresis were
analysed every 3 months and peritoneal transport every 6 months, forl a total of 48 months. The mean follow-up
was 29.3±19 months. Results: CAPD patients were older, had higher prevalence of diabetes, used less icodextrin
and more low GDP solutions and were followed for a longer time. No significant differences in RRF were observed
in either modality in basal or during the follow-up: RRF at 24 months with 3.67±3.5ml/min in CAPD patients and
3.82±2.5ml/min in APD patients; or in diuresis: 883±807ml/day and 1333±905ml/day respectively. Neither group
showed significant differences in peritoneal transport parameters over time. The use of icodextrin was related
to a higher diuresis preservation at 24 months: 1519±1035ml/day in patients using icodextrin and 767±633ml/
day in patients without icodextrin (p=0.01). No differences were found in RRF evolution in either group. Conclusions: We conclude that DP modality does not influence either the RRF function or diuresis outcomes or peritoneal
transport parameters. The initial use of icodextrin was related to better diuresis preservation without changes
in RRF.

INTRODUCTION
The preservation of residual renal function (RRF) in
dialysis patients is one of the main challenges nephrologists face when starting a patient on dialysis. RRF contributes not only to salt and water removal, but also
to the clearance of small and medium-sized molecular
weight uraemic toxins. Because medium-sized molecular weight uraemic toxins are not readily removed by

dialysis, preservation of RRF is an important issue for
patients with end-stage renal disease to prevent uraemic symptoms and for the better preservation of renal
endocrine and metabolic function and superior volume
homeostasis1. Furthermore, RRF is associated with better overall health, well-being and survival2-6. Consequently, understanding the risk factors associated with
a decline in RRF has made it an important area of
research. It has previously been shown that starting a
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dialysis career on peritoneal dialysis (PD) instead of
haemodialysis (HD) gives a better preservation of RRF79. In relation to PD, many studies have recently been
conducted regarding the preservation of FRR, namely
the influence that PD modality can have on FRR preservation. In some cases, it has been suggested that
automated peritoneal dialysis (APD) is associated with
a more rapid loss of RRF10-12. However, in other studies, no significant difference in the rate of decline of
RRF was found when comparing the two PD modalities13-16. No adequately powered, randomized, controlled trial has helped to determine if the PD modality
has an independent effect on the rate of decline of
RRF. Taking into account that APD has increased substantially over the last few years, namely in this centre,
we consider it a major factor to know its influence on
RRF when choosing this modality. We undertook this
single-centre retrospective study to investigate if there
were differences of decline of RRF according to the PD
modality.

SUBJECTS AND METHODS
Patients



We reviewed the medical records of incident PD
patients who were treated in the Nephrology Department of Hospital Universitario La Paz between January
1995 and December 2006. Patients who had no FRR
(diuresis<100 ml/day) when starting this technique or
who had stopped during the first three months were
excluded from this study, as were patients from other
hospitals with an unknown medical history. Patients
temporarily treated with HD were considered for this
study only if the duration of the break was 1 month.
According to the study protocol, a total of 104 patients
were finally eligible.
Data collection



Demographic and clinical data at the time of PD initiation, including age, gender, presence of diabetes and
primary kidney disease were reviewed from medical
records taken from the electronic clinical management.
One hundred and four patients were included in incident PD, 54% in APD and the remainder in CAPD. Fiftyseven patients used icodextrin; 13 low glucose degradation product (GDP) solutions and the rest conventional
solutions.
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Every 3 months for a total of 48 months, RRF was
assessed to an average of 24-hour urine urea, and creatinine clearance measured. RRF was normalized to
1.73 m2 body surface area and expressed as mL/
min/1.73 m2. Also every 3 months diuresis was quantified and the use of angiotensin-converting enzyme
inhibitors (ACEi) and angiotensin II receptor blockers
(ARB) and diuretics was recorded over a month before
the result date of the RRF.
Every 6 months the peritoneal transport was analysed using urea and creatinine mass transfer area coefficient (MTAC), creatinine D/P ratio and ultrafiltration
(UF) volume after 4 hours with 3.86% glucose solutions.
A check was made if there was any abuse of dextrose
solutions during this period (≥ 25% of 3.86% glucose
solutions or 100% of 2.27% glucose solutions).
Statistical Analyses



Differences between APD and CAPD patients at baseline were tested with the t-test and x2 or Fisher´s exact
test, whichever was appropriate. A p-value of <0.05
was considered statistically significant.
Statistical analyses were performed using SPSS for
Windows version 19.0 (SPSS Inc., Chicago, IL, USA).
Intention-to-treat analysis was performed. The data
of patients were used until a complete loss of RRF or
the end of follow-up.
A comparison of the functional peritoneal parameters’ evolution according to time and type of PD solution used was performed using mixed models. The
interpretation of the results is as follows:
• “significant group”: there are differences in function of the type of PD solution used in each group,
but the variation during time is similar in both.
• “significant time”: time affects both groups at a
similar level.
• “significant model”: there is an interaction between
group and time which is significant (p<0.05).

RESULTS
At 96%, PD was the leading substitutive therapy, 3%
were from renal transplantation and 1% from haemodialysis (HD).
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Table I
Baseline data in patients starting with APD or CAPD
PD modalities
Age (years)
Gender (% male)
Follow up (months)

APD (n=56)

CAPD (n=48)

p

44.70±13.7

60.89±14.3

0.000

64.3 %

75%

ns

22.99±15.2

36.68±20.6

0.000
ns

RRF (ml/min)

6.14±3.0

6.47±3.3

Diuresis (ml)

1508.71±828.7

1551.25±758.1

ns

11.30±5.2

9.99±4.2

ns

MTAC Creatinine
Creatinine D/P ratio

0.73±0.1

0.71±0.1

ns

616.73±293.7

612.92-294.9

ns

Diabetes Mellitus

4 (7.1%)

13 (27.1%)

0.006

Low GDP use

2 (3.6%)

11 (22.9%)

0.003

Icodextrin use

50 (89.3%)

7 (14.6%)

0.000

Diuretic use
ACEi or ARB use

25 (43.9%)
33 (62.3%)

32(66.7%)
20 (37.7%)

0.024
ns

Ultrafiltration at 4H (ml/day)

PD: Peritoneal Dialysis; APD: Automated Peritoneal Dialysis; CAPD: Continuous Ambulatory Peritoneal Dialysis; RRF: Residual Renal Function; MTAC: Mass Transfer Area Coefficient;
GDP: Glucose Degradation Products; ACEi: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers

CAPD patients where older, had higher prevalence
of diabetes, used less icodextrin and more low GDPs
solutions and were followed for a longer time than APD
patients (Table I). The average follow-up time was
29.3±19 months (range 7-92).
At the beginning, RRF was 6.47±3.3ml/min and diuresis 1551±758ml/day in CAPD patients, and 6.1±3ml/
min and 1508±828 ml/day in APD patients (p=NS). No
significant differences in RR were observed in either

group at 24 months F (3.67±3.5ml/min in CAPD patients
vs. 3.82±2.5ml/min in APD patients) (Fig.1) or in diuresis
(883±807 ml/day and 1333±905 ml/day, respectively)
(Fig 2).
Neither group showed significant differences in peritoneal functional parameters, MTAC creatinine and UF
capacity (p=0.25)(Figs.3 and 4).
The use of icodextrin was related to higher diuresis
preservation at 24 months: 1519±1035 ml/min treated

Figure 1
Evolution of RRF according to PD modalities.

Mixed models: PD type : p=0.39; PD type and Time: p=0.99
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Figure 2
Evolution of diuresis with PD modalities.

Mixed Models: PD Type: p=0.079; PD Type and Time: p=0.78

Figure 3
Evolution of UF capacity (ml/4h) according to PD modalities.

Mixed Models: PD Type: p=0.47;PD Type and Time: p=0.08

with icodextrin and 767±633 ml/min without icodextrin
(p=0.011) (Fig.5), with no differences found in RRF evolution (p=0.77)(Fig.6). At baseline, the diuresis and RRF
were similar in patients with or without icodextrin.
In neither group did the use of ACEi or ARB modify
FRR evolution; the use of diuretics was related to higher
diuresis throughout the follow-up time and the use of
low GDPs solutions did not correlate with a different
FRR evolution.
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DISCUSSION
In our study, no significant differences in RRF and
diuresis were observed in either modality (CAPD
and APD) during the follow-up. Neither groups presented significant differences in peritoneal transport parameters over time. The use of icodextrin
was related to higher diuresis preservation at 24
months but no differences were found in RRF
evolution.
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Figure 4
Evolution of creatinine MTAC according to PD modality.

Mixed Models: PD Type: p=0.73; PD Type and Time: p=0.25

Figure 5
Influence of icodextrin use in diuresis.

Mixed Models: Icodextrin Use: p=0.001; Icodextrin Use and Time: p=0.011

Several risk factors, such as male gender, diabetes,
uncontrolled hypertension, and heavy proteinuria, have
been demonstrated to be associated with a rapid
decline in RRF17. However, the influence of PD modalities on RRF after the initiation of PD therapy remains
unclear because of the contradictory results of the
studies carried out up to the present time.

The main result of this study is that DP modality
does not influence RRF function, in line with previous
studies18-20. More recently, registry data fromthe
NECOSAD study reported a higher risk of loss of RRF
with APD, particularly in the first year of treatment,
with an adjusted hazard ratio 2.66 (confidence interval
1.60–2.44)21. Apart from the NECOSAD study21, nearly
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Figure 6
Influence of icodextrin use in RRF

Mixed Models: Icodextrin Use: p=0.46; Icodextrin Use and Time: p=0.77

all the other studies are potentially confounded by
patient selection bias and underlying original kidney
disease, as generally older and more comorbid patients
were treated by CAPD19.
In contrast, earlier reports showed a faster decline
in RRF in APD compared to CAPD patients. One reason
for the faster decline in RRF in APD patients might be
the more intensive ultrafiltration during shorter dwell
times in APD compared to the more gradual fluid
removal during CAPD. Surprisingly, in the study by
Rodríguez-Carmona et al., the decline in RRF with APD
was faster when compared to CAPD, despite a lower
ultrafiltration volume (APD 1067 ml/day vs. CAPD
1310mL/day)22.
Another interesting finding in our study is related
to peritoneal transport parameters. The incidence of
UF failure and altered transport characteristics with
time on PD may reflect the chronic damage of the peritoneal membrane by the use of “unphysiological” solutions. It is speculated that low pH, glucose, and the
formation of advanced glycosylation end products influence transcapillary and transcellular (aquaporins) water
transport in PD patients23. Although the influence of
PD treatment time and peritonitis episodes on
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transport characteristics are under debate, little is
known about the influence of the PD modality (CAPD
or APD) on peritoneal transport. Several possible disadvantages have been associated with APD: a faster
decline in RRF, less sodium removal, more protein loss,
and higher costs13,24,25. However, the influence of APD
on the time course of peritoneal transport in long-term
PD is unknown. It is known that hypertonic glucose and
its degradation products play a role in alterations of
the peritoneal membrane, eventually causing alterations in peritoneal transport26, 27. Compared with
CAPD, APD uses dwells that are shorter and more frequent. The peritoneal membrane of an APD patient is
more intensively exposed to bioincompatible dialysis
solutions. Thus, compared with patients being treated
with CAPD, those being treated with APD might be at
a higher risk of developing structural and functional
changes of the peritoneum28.
Peritoneal transport measured by means of a peritoneal function test has been compared between APD
and CAPD in four studies that were either cross-sectional in nature or had a short follow-up25,29,30. Michels
et al, was the first study to compare the long-term time
course of peritoneal transport in patients treated with
APD or CAPD. They concluded that those starting on
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APD might have a faster decline of transcapillary ultrafiltration and effective lymphatic absorption rate. Other
transport parameters were not different over time28.
Although angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin-receptor blockers (ARBs) have
been convincingly demonstrated to reduce the rate of
progression and proteinuria in CKD patients28, it is
unclear whether
they have a benefit in PD patients7. The results of
observational studies have been variable, with a large
retrospective study from USRDS on incident and prevalent PD reporting ACEIs had a protective effect on RRF9,
whereas a study of 160 incident PD patients from Australia, and 451 from the Netherlands showed no benefit16;31. In our study, ACEi or ARB prescription did not
modify the RRF evolution, in line with other observational studies.
In clinical practice, diuretics are commonly prescribed to PD to aid volume control, but hypovolaemia
may lead to acute kidney injury and loss of RRF. Previous
studies have either reported no effect on RRF9;32, or a
loss of RRF. At the moment, there is no convincing data
showing that loop diuretics, such as furosemide, maintain RRF, whereas they increase urine output and
sodium excretion and may benefit volume-overloaded
patients33. In our study, diuretics did not modify RRF
evolution but an increase in urine output during the
follow-up was found.
New solutions in multi-compartment solution bags
with a higher pH and reduced glucose degradation products are accepted as more biocompatible. Those solutions are thought to improve the function and viability
of peritoneal mesothelial cells and to preserve RRF34.
However, in our study, the use of solutions low in GDPs
was not correlated with different RRF evolution; similar
results have been shown by other studies35;36.
The initial use of icodextrin is related to a better
diuresis preservation without changing RRF. As icodextrin decreases extracellular water (ECW)37,there have
been concerns that may lead to dehydration and loss
of RRF38. One randomized study measuring body composition and ECW reported that icodextrin reduced
ECW, but also reduced urine output and GFR38. Only
one small single-centre study reported that icodextrin
usage helped preserve RRF39. In our study, the use of
icodextrin was related to higher diuresis preservation
at 24 months but no differences were found in RRF
evolution.

The present database has limitations: it is a small
sample to evaluate a biological variable with many
conditioners; the temporary pause even if short may
have impact on RRF; low penetration of use of low
GDPs solutions is known to protect RRF; no information
on blood pressure, infection episodes and volume
parameters. In addition, it is a retrospective design
study. Moreover, this study suffers from the general
limitations of observational studies and results should
thus be interpreted with caution.
In conclusion, in this observational study, DP modality
does not influence the RRF, neither the peritoneal transport parameters. The initial use of icodextrin is related
to a better diuresis preservation without changes in RRF.
Disclosure of Potential Conflicts of Interest: None declared.
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