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Sodium Removal in
Peritoneal Dialysis. The Role
of lcodextrin and Peritoneal
DialyssModalities

One of the main goals of dialysis is the control of
extracellular volume, because inadequate sodium
and fluid removal result in fluid overload and in-
creased mortality. In the present study, we evaluated
the roles of continuous ambulatory peritoneal di-
alysis (CAPD), continuous cycling peritoneal di-
alysis (CCPD), and the use of icodextrin on sodium
removal in 29 patients (n = 18 on CAPD, n= 11 on
CCPD). Daily removal of sodium by each modality
and dialysis adequacy by Kt/V and creatinine clear-
ance were evaluated.

A significantly higher amount of sodiumwasre-
moved in CAPD patients than in CCPD patients,
although peritoneal dialysis clearances were lower
in CAPD, and no difference in daily ultrafiltration
was observed between the modalities. In the CAPD
group, patients using icodextrin for the long dwell
showed significantly increased 24-hour sodium re-
moval (218 + 65 mmol/L) as compared with patients
not using icodextrin (96.3 £ 58 mmol/L, p < 0.001);
they also showed increased daily ultrafiltration
(1685+ 302 mL vs. 717 £ 440 mL, p< 0.001). Inthe
CCPD group, 8 patients were using icodextrin for
the long dwell, and they showed significantly in-
creased sodium removal only for the day exchange
(43 £ 49 mmol/L) as compared with patients not
using icodextrin (60 + 6, p < 0.001). Hypertension
was less common in the CAPD patients than in the
CCPD patients.

These resultsindicate that CAPD is a more effi-
cient modality than CCPD for sodium removal.
Icodextrin is an effective tool not only for increas-
ing adequacy, but also for removing more sodiumin
both modalities.
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Introduction

One of the main goals of dialysis therapy is the con-
trol of extracellular volume, because inadequate so-
dium and fluid removal result in fluid overload,
hypertension, and increased cardiovascular mortality
(1-3). Many patients undergoing peritoneal diaysis
(PD) arefrequently overloaded. A low-sodium diet and
adequate sodium removal by PD are important steps
in avoiding overhydration.

Only afew studies have examined sodium removal
rates in PD patients (4-9). It has been argued that
automated PD (APD) may be less effective than con-
tinuous ambulatory PD (CAPD) for sodium removal
because of itsfrequently lower capacity for ultrafiltra-
tion (UF) and also because of the short dwell sched-
ule, which may result in significant sodium sieving
and lessefficient sodium removal (3). The problem of
sodium removal becomes even more complicated when
the heterogeneity of APD prescription is considered
(high- versus low-volume APD with varying dwell
times), with potentially highly variable sodium and
fluid removal (6-8). Icodextrin, aglucose polymer, has
been shown to increase sodium removal, essentially
mediated by an increase in UF; icodextrin does not
induce sodium sieving (3,10,11).

The aim of the present study was to evaluate the
role of two PD modalities—CAPD and continuous
cycling peritoneal dialysis (CCPD)—and the use of
icodextrin solution on sodium removal in PD patients.

Patientsand methods

We studied 29 stable PD patients aged 51 + 13 years,
whowereundergoing CAPD (n=18) using 7.9+ 0.2L
dialysatedaily or CCPD (n=11) using 19+ 1.4L didy-
satedaily for 47.5+ 42 months (Tablel).
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TABLEI Patient demographics, peritoneal dialysis (PD) prescription, and adequacy indices for continuous ambulatory perito-
neal dialysis (CAPD) and continuous cycling peritonea dialysis (CCPD)

CAPD CCPD
Patients (n) 18 11
Age (years) 56+11 43+12
Sex (men/women) 9/9 714
Time on PD (months) 48+49 46+32
Body surface area (m?) 1.8+0.1 1.9+0.2
Dialysate-to-plasma (D/P) creatinine 0.67+£0.12 0.72+0.1
Daily total infused volume (L) 7.9+0.2 19+4.7
Daytime exchanges (n) 3 0-1
Nighttime exchanges (n) 1 4-10
Icodextrin for long dwell (n) 7 8
Kt/V urea 1.9+0.5 2.2+0.3
Weekly creatinine clearance (L) 81+36 84+23
Daily ultrafiltration (mL) 1093+618 954+542
Systolic blood pressure (mmHQ) 123+13 125++14
Diastolic blood pressure (mmHg) 7310 7810

Selection of PD modality was based on social is-
suesand on medical criteria(peritoneal membranechar-
acteristicsand adequacy indices). The main adequacy
targets of PD prescription for both modalitieswere a
total Kt/V urea over 2 and a total weekly creatinine
clearance over 60 L/1.73m?. Thedaily UF target was
morethan 700 mL daily for anuric patients.

The CAPD patients were prescribed 4 daily ex-
changesof 2 L dialysate (1 patient was on 4 exchanges
of 1.5 L because of small body size). |codextrin was
being used by 7 patients for the long nighttime dwell
(Tablel).

The CCPD patients used acycler during the night
for 7—9 hours with atotal dialysate volume ranging
from8L to20L, and dwell timesranging from 40 min-
utesto 100 minutes. For the daytime long dwell, 8 pa-
tients were using icodextrin. In 5 patients, a second
daytime exchangewasprescribed [1.5—-2 L of 1.36%
glucose in 4 patients, and 1.5 L of 1.1% amino-acid
solutionin 1 patient (Tablel)].

Samples of 24-hour urine (where applicable) and
spent diaysate (daytime and nighttime) were collected
and analyzed for the CAPD and CCPD patients sepa-
rately, to definetherelativerolesin sodium removal of
the short (daytimefor CAPD, nighttimefor CCPD) and
long (nighttimefor CAPD, daytimefor CCPD) dialysis
dwell phases. Sodium removal was cal cul ated asthe
difference between the sodium concentration in the
drained dialysate multiplied by the total drain vol-
ume and the sodium concentration in the instilled
dialysate multiplied by thetotal inflow volume (6). A

peritoneal equilibration test with 2.27% dextrose di-
alysate (standard PET) was aso performed for each
patient after a 2- to 4-week interval. No patient re-
ceived loop diuretics.

Satistical analysis

All values are expressed as mean + standard devia-
tion. The Student t-test for unpaired data or linear
regression analysis was used as appropriate. Vaues
of p < 0.05 were considered statistically significant.

Results

Sodium removal and PD modalities

A sgnificantly higher amount of sodium (143 + 84 mmol/
L) wasremoved in CAPD patients than in CCPD pa-
tients (62 + 69 mmol/L, p<0.01; Tablell), athoughthe
PD Kt/V inthe CAPD patientswaslower (1.5vs. 1.9+
0.2, p < 0.05). There was no difference between the
groupsindaily UF (1093 + 618 mL vs. 954 + 542 mL;
Tablel). Daily sodium removal wassignificantly cor-
related with daily UFin CAPD (r =0.868, p < 0.001),
but notin CCPD.

Icodextrin and sodium removal in CAPD

In the CAPD group, 7 patients were using icodextrin
for thelong dwell. These patients showed significantly
greater 24-hour sodiumremova (218 + 65 mmol/L) than
did patients not using icodextrin (96 + 58, p < 0.001);
they a so showed greater daily UF (1685 + 302 mL vs.
717+ 440mL, p<0.001).
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TABLEII
(CCPD) patients
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Sodium removal in continuous ambulatory peritoneal dialysis (CAPD) and continuous cycling peritoneal dialysis

CAPD CCPD p Value
Daily peritoneal Na, long dwell (mmol) 38+59 22.4+61 NS
Daily peritoneal Na, short dwell (mmol) 105+61 42+62 <0.01
Daily peritoneal Na, total (mmol) 143184 62169 <0.01
Daily urinary Na (mmol) 27+43 31+50 NS

NS = nonsignificant.

Icodextrin and sodium removal in CCPD
In the CCPD group, 8 patients were using icodextrin
for thelong dwell. These patients showed significantly
greater sodium removal during the daytime exchange
(43 + 49 mmol/L) than did patients not using icodextrin
(60 £ 6 mmol/L, p < 0.001), but the 24-hour removal
difference did not reach statistical significance (67 =
69 mmoal/L vs. 49+ 82 mmoal/L). Patientsusingicodextrin
also had greater, but not statistically significantly
greater, daily UF (1075+ 536 mL vs. 633+ 503 mL) and
higher, but not statistically significantly higher, Kt/V
values(2+0.2vs. 1.7+ 0.4).

In patients receiving icodextrin, daily sodium re-
moval was significantly correlated with daily UF for
both PD modalities (r =0.516, p<0.05).

Hypertension in CAPD and CCPD
Hypertension was|ess common in CAPD (38%) than
in CCPD (54%) patients.

Discussion

Cardiovascular disease is the leading cause of death
in patientswith end-stagerenal disease (1,2). Although
earlier studiesreported excellent short-term blood pres-
sure control with CAPD, after 2 — 3 years of therapy
(and especially whenresidual renal function waslost),
patients presented signs of volume overload and hy-
pertension. Theinitial sensethat CAPD patients might
have a more liberal salt and fluid intake was proven
wrong (3).

Fluid and salt removal depend on residual renal
function and ultrafiltration by PD. Although the im-
portance of residual renal function can not be ne-
glected, wedo not usually prescribeloop diureticsfor
our PD patients. The other proposed steps to avoid
volume overload and hypertension that we apply in-
clude a low-salt diet, use of icodextrin solution, or
CCPD with 1 or 2 daytime exchanges. The proposed

new low-sodium PD solutions are not yet commer-
cidly available(3).

Because of the phenomenon of sodium sieving,
sodium removal islower in APD thanin CAPD de-
spite the equal UF rates that can be achieved with
the use of more hypertonic exchanges (3). In our
study, sodium removal was greater in our CAPD pa-
tients than in our CCPD patients despite approxi-
mately equal UF rates.

Ortegaet al. (5) reported higher sodium removal in
CAPD than in APD, but that removal was accompa-
nied by higher net UF. Sodium removal correlated with
UF only for their CAPD group. We also observed a
strong correlation between sodium remova and UF
only for the CAPD population studied. Rodriguez—
Carmona and Pérez Fontan (6) reported equal results
and suggested that the main determinants of sodium
removal are UF and the mode of PD, because standard
APD schedules are associated with poor sodium re-
moval rates. Demetriou et al. (8), in an open-label ran-
domized controlled crossover study in 18 APD patients,
reported that increasing nightly dialysate flow resulted
inal0%increasein soluteclearancesand a27%fall in
sodium removal as compared with an APD regimen
with an extradaytime exchange. Notably, some of our
CCPD patients presented a negative net sodium re-
moval (for the short or the long dwell, or sometimes
for both), afinding that has also been previously re-
ported (5-7).

All of theforegoing resultshaveimportant clinical
implications, especially for the steadily increasing
population of patientsundergoing APD. Sodium siev-
ing does not occur with icodextrin, becauseicodextrin
causes UF by colloid osmosis and not by crystalloid
osmosis as glucose does (3,10). Icodextrin has been
proven to increase UF and sodium removal for both
CAPD and APD in many studies (3). Its superiority
over glucose-containing solutionsin CCPD has been
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proven (11), and it also contributesto alower glucose
load when offered in PD patients.

The advantages of icodextrin solution for sodium
removal weremore pronounced in our CAPD popula-
tion. In our CCPD patients, although icodextrin in-
creased sodium removal during the day, total daily
sodium removal was not statistically different from
that in patientsnot using icodextrin. Thisfinding might
be explained not only by the small number of patients
studied, but also by our policy to strive for maximum
solute clearances and UF when targets are not
achieved. In our program, anuric and larger CCPD pa-
tientsaretherefore morelikely to receiveicodextrin.

Hypertension in PD isstrongly related to volume
overload (3), and most studies report a higher inci-
dencein APD thanin CAPD (4-6). Our resultsaccord
with those findings. Increased fluid and sodium re-
moval has also been associated with better outcomes
in PD patients. Ates et al. (4) studied a cohort of 125
PD patientsfor 3 years and found significantly better
surviva in patients with higher levels of total fluid
and sodium removal. Although attempts to prove the
importance of volume management inimproving clini-
cal outcomes have been difficult, the European Best
Practice Guidelinesfor Peritoneal Dialysissuggest that
anet fluid remova of 1 L daily should also beincluded
in the adequacy targets of PD therapy (12). However,
this approach has been criticized, with the suggestion
of a reverse-causation phenomenon, because fluid
removal depends on fluid intake (13). According to
that concept, healthier patients might have a higher
fluid intake and so ahigher fluid removal.

Recent large randomized controlled studiesin both
hemodialysis (14) and PD (15) that focused on in-
creased solute clearances reported rather disappoint-
ing results; noimprovement inthe survival of patients
with end-stage renal disease. Management of hyperv-
olemiadeserves major attention. Changesin thethera-
peutic approach, such as dietary advice in limiting
sodium and fluid intake, and optimal prescription of
PD, taking into consideration not only solutes clear-
ances but al so efficient sodium and fluid removal, will
improve survival ratesin patients undergoing PD.

Conclusions

Our results indicate that, despite of lower solute re-
moval asreflected in Kt/V urea and creatinine clear-
ance, CAPD is amore efficient modality for sodium
removal thanishigh-volume CCPD. This phenomenon
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may be explained by the sodium sieving effect that
resultsfrom the short dwell timesapplied by cyclersin
high-volume CCPD.

The use of icodextrin solution is an effective tool
not only to achieve adequacy targets, but also to re-
move more sodium in both modalities. However, op-
timal control of extracellular volume necessitates
patient compliance with alow-salt diet and reduced
fluidintake.
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