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Effect of balance Solution on the Peritoneal
Membrane in Automated
Peritoneal Dialysis

Interference of conventional peritoneal dialysis fluids (cPDFs)
with peritoneal membrane cell functions may be attributed to
the dialysis fluid’s low pH, high glucose concentration, and/or the
presence of glucose degradation products (GDPs), the last of which

SHORT REPORTS

leads to higher levels of advanced glycation end-products (AGEs).
It has been suggested that the peritoneal membrane might be bet-
ter preserved by using biocompatible solutions, including cancer
antigetn 125 (CA125). This prospective, open-label, multicentre,
randomized, controlled, cross-over phase IV study compared the
in vivo biocompatibility of a neutral-pH, low-GDP peritoneal dialy-
sis (PD) solution (balance) with a cPDF in automated PD (APD)
patients. Our study revealed a significantly increased appearance
rate and concentration of CA125 in the peritoneal effluent of APD
patients treated with the neutral-pH, low-GDP solution balance
versus a conventional PD solution.
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nterference of conventional peritoneal dialysis fluids

(cPDFs) with peritoneal membrane cell functions (1) may
be attributed to the dialysis fluid’s low pH, high glucose
concentration, and/or the presence of glucose degradation
products (GDPs) (2), the last of which leads to higher levels
of advanced glycation end-products (AGEs) (3). Previous
continuous ambulatory peritoneal dialysis (CAPD) studies
suggest a better preservation of the peritoneal membrane
with the use of biocompatible solutions, in particular those
using cancer antigen 125 (CA125) as a marker of mesothelial
cell mass/turnover (3-5). It is noteworthy that the negative
effects of the low pH and high glucose concentrations in
cPDFs are most significant immediately after inflow. There-
fore, one may assume that in automated PD (APD), with its
more frequent exchanges, shorter dwell times, and larger
solution volumes, the use of a bioincompatible solution is
particularly relevant (6).

This prospective, open-label, multicentre, randomized,
controlled, cross-over phase IV study compared the in vivo bio-
compatibility of a neutral-pH, low-GDP PD solution (balance)
with a cPDFin APD patients. As a secondary aim, fluid overload
(FO) was compared. Both solutions were from Fresenius Medical
Care, Germany. The study was approved by the relevant ethics
committees and/or nationalauthorities, and written informed
consent was obtained from all patients.

SUBJECTS AND METHODS

Patients were randomized to 1 of the 2 treatment sequences
of 8 weeks each. Prior dialysis schedule prescriptions were
maintained throughout the study, unless changes were medi-
cally indicated.

At baseline (Visit 1) and during the control visits at the
end of each treatment phase (Visits 2 and 3), samples from
the pooled 24-hour dialysate and serum were collected for
analysis of biocompatibility markers (CA125, hyaluronic acid
[HA], carboxymethyllysine [CML], C-reactive protein [CRP]
andinterleukin-6 [IL-6]). Cancerantigen125 was expressed as
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CA125 appearance rate (appearance rate [ar],,,;) toaccount
for different daily treatment times:

total outflow volume[ml]
total dwell time[min]

arCAm[U/min][] = CpppslU/ Ml *

A parallel 24-hour urine collection was also performed.
Fluid overload was assessed by bioimpedance spectroscopy
using the Body Composition Monitor (BCM) (Fresenius Medical
Care, Germany).

For primary analysis, an intention-to-treat analysis was
applied, using baseline-adjusted mixed models with solution
type (balance/cPDF), visit (Visit 2/Visit 3), randomization
group and country as fixed effects, and patient as random
effect. Two-sided 95% confidence intervals (CIs) were calcu-
lated from the corresponding mixed models for the least-square
meansin each solution type as well as for their difference. The
primary parametersar,,,, and FO were tested in a hierarchical
procedure: If ar,,,, was significantly higher after treatment
with balance compared to cPDF, the equivalence of FO in both
solutions was to be tested with an equivalence limit of +1 L.
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RESULTS

Twenty-five patients were enrolled. One patient dropped
out due to a technical failure before study start. Two patients
dropped out after Visit 2.

At baseline, 48% were male, mean age was 49.2 + 13.7
years, and mean PD vintage was 17.6 + 11.7 months. The
majority of patients (54.2%) were treated with nightly inter-
mittent PD (NIPD). The median (min, max) ar,,,; was 281.81
U/min (89.39; 1,736.18) at baseline (cPDF), 252.15 U/min
(92.61; 2,233.21) after treatment with cPDF, and 282.33 U/
min (178.35; 2,922.52) after treatment with balance. Taking
the covariates into account, ar,,,, was significantly higher
after treatment with balance compared to treatment with cPDF
(Table 1). No significant differences were observed for HA,
serum CML, IL-6, and CRP.

Fluid overload was 1.3+ 1.2 L at baseline (cPDF), 1.6 + 1.4
L after treatment with cPDF, and 1.8 + 1.3 L after treatment
with balance. The difference between the solutions remained
non-significant after adjustment for the covariates (Table 1).

Since ar,,,; was significantly higher after treatment with

TABLE 1
Estimate of Difference of Study Parameters Between Study Phases*

cPDF balance Difference
(Estimate [95% (I]) (Estimate [95% CI]) (balance-cPDF) Pvalue
arc,yps [U/min] 288.9 330.0 411 0.0060
[240.2; 347.6] [274.1; 397.4]
HA [ng/mL] 143.8 135.4 -8.3 0.6971
[101.0; 186.5] [92.6; 178.2] [-52.5; 35.86]
CML [mg/L] 0.9 0.8 -0.07 0.1159
[0.8; 1.0] [0.8; 0.9] [-0.17; 0.02]
CRP [ug/mL] 2.19 2.13 -0.05 0.9077
[1.53;3.13] [1.45; 3.13]
IL-6 [pg/mL] 21.13 22.08 0.95 0.6508
[15.35; 26.89] [16.14; 28.01] [-3.42;5.32]
Fluid overload [L] 1.57 1.70 0.13 0.6962
[1.02; 2.12] [1.12; 2.28] [-0.55; 0.81]
Total ultrafiltration [mL] 785.5 875.7 90.2 0.0659
[616.7; 954.3] [705.7; 1,045.7] [-6.5; 187.0]
Urine volume [mL/24 h] 790.5 767.7 -22.9 0.7811
[673.8; 907.3] [647.1; 888.3] [-192.2; 146.5]
Total fluid output [mL/24 h] 1595.2 1664.1 68.9 0.5021
[1,375.6; 1,814.9] [1,440.5; 1,887.7] [-142.2; 279.9]
Weekly peritoneal creatinine 36.21 37.83 1.63 0.4935
clearance [L/wk/1.73 m?] [31.26; 41.15] [32.79; 42.88] [-3.24; 6.49]
Weekly peritoneal Kt/V 1.40 1.53 0.13 0.2489
[1.21; 1.59] [1.33;1.73] [-0.10; 0.35]

cPDF = conventional peritoneal dialysis fluid; CI=confidenceinterval; ar=appearance rate; HA=hyaluronicacid; CML = Né-carboxymethyllysine;

CRP = C-reactive protein; IL-6 = interleukin 6.
* Adjusted for baseline, randomization group, period, and country.
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balance than after treatment with cPDF, the equivalence of
FO was tested in the second step of the hierarchical testing
procedure. The 95% confidence interval for the FO-difference
(A balance - cPDF estimate = 0.13 L) ranged from -0.55 L to
0.81L, sothat FO achieved with both solutions was equivalent
with respect to the predefined equivalence margin of +1 L.
No significant differences in volumes of ultrafiltration (UF),
urine, and total fluid output were observed after adjustment
for covariates (Table 1). The achieved UF based on absorbed
glucose was comparable for both solutions (cPDF: 13.7 +
10.7 mL UF/g absorbed glucose; balance: 14.3 +9.8 mL UF/g
absorbed glucose).

Peritonealand total clearance of urea and creatinine did not
differ significantly between the 2 solutions (Table 1). Neither
did blood pressure nor hematology and clinical chemistry
parameters (data not shown). No adverse drug reaction was
recorded during the study. Five peritonitis episodes occurred,
3 during cPDF and 2 during balance applications.

DISCUSSION

In the present study, ar,,, (a marker of peritoneal mem-
brane integrity) was significantly elevated in the peritoneal
effluent of APD patients applying a PD solution with neutral
pH and low GDP content compared to those applying a con-
ventional solution. Hyaluronic acid levels, an indication of
inflammation, did not differ between the solution types.
Superiority of biocompatible PD solutions compared with cPDF
based on CA125 has been demonstrated in studies performed
with CAPD patients (summarizedin [7]). During APD treatment,
the peritoneal membraneis usually exposed to larger volumes
of solutions and more frequent exchanges (with shorter dwell
times). The extent of the increase in ar,,,, was lower than
previously observed in CAPD patients (3,8,9). This difference
could be explained by shortness of the study phases, being
only 2 months for each PD solution. This period was chosen
to limit time-dependent changes in patient characteristics
but may resultin less prominent ar,,,. effects than after the
longer study periods applied in other studies (3,10). Overall,
the concentration of CA125 in the APD patient effluent was
lowerin our study than that reported elsewhere after 6 months
of treatment with CAPD, suggesting that mesothelial cells are
less viablein APD compared with CAPD (11). Furthermore, the
empty abdomen during daily APD regimens means that the
peritoneal membrane is exposed to less solution cytotoxicity,
which might resultin a recovery of cellular functions indepen-
dentofthesolutiontype (12, 13). In our study, more than half
of the patients were treated with NIPD, i.e. a dry day. As CA125
has been shown to decrease with time on PD (14) in prevalent
patients, this effect of overall time on PD might compete with
a potentially beneficial effect of the PD fluid.

It is unclear whether elevated CA125 levels are caused by
a higher mesothelial cell number or by an increased CA125
production per cell, maybe related to inflammatory processes
(7). As we could not find differencesin inflammatory markers,
we cannot provide evidence for the latter hypothesis.

SHORT REPORTS

Previous studies reported effects of biocompatible solu-
tions on UF (3,9,15) that may be explained by local effects on
the peritoneal membrane and/or by better preservation of
residual renal function (both suggested to be explained by less
advanced glycation end-product [AGE] formation). There were
no significant differences between the 2 solutionsin our study
regarding theinflammatory markers CRPand IL-6 or regarding
CML as a marker of systemic glycation.

It has been questioned whether reduced UF, as observed
in some studies, could result in fluid overload, which in turn
mightincrease renal pressure and thus explain higher diuresis.
However, using bioimpedance spectroscopy in our study, we
could confirm that application of the 2 solutions did not result
in different extents of overhydration.

Our study has some limitations. Despite proper sample size
estimation, the number of patients was small and the time of
exposure to each solution was short. Longer exposure times
might more fully reveal differences between the PD solutions.

In conclusion, our study revealed a significantly increased
appearance rate and concentration of CA125 in the peritoneal
effluent of APD patients treated with the neutral-pH, low-GDP
solution balance versus a conventional PD solution. As CA125
is a putative biomarker of increased mesothelial cell mass, this
implies that balance solution had less impact on peritoneal
membrane morphology than the conventional PD solution.
No differences between the solutions were observed regard-
ing UF and residual diuresis. With both solutions, equivalent
management of hydration status could be achieved.
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