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Abstract

Background/Aims: This study compares the peritoneal elimination of the low-molecular-
weight-protein (LMWP) C-terminal agrin fragment (tCAF, size 22 kDa), a promising biomarker
for kidney function, in continuous cycling peritoneal dialysis (CCPD) and continuous ambulatory
peritoneal dialysis (CAPD). Methods: 103 sets of serum, 24h-urine and dialysate samples were
obtained in 15 CCPD (63 sets) and 11 CAPD (40 sets) patients. Total, renal and peritoneal
substrate removals/clearances were measured/calculated for tCAF, creatinine, blood-urea-
nitrogen (BUN), cystatin C and albumin and correlated with the peritoneal transport type.
Results: Serum und urine concentrations of all biomarkers did not differ between both
groups, urinary substrate removal was higher in CAPD patients for all biomarkers due to better
residual renal function. Peritoneal substrate removal of tCAF and albumin were significantly
higher in CAPD (tCAF: 35.3 vs. 19.3 ng/d, p<0.001; albumin: 4.3 vs. 3.7 g/d, p=0.001), whereas
cystatin C and creatinine did not differ between CAPD and CCPD (cystatin: 7.7 vs. 6.1 mg/d,
p=0.08, creatinine: 423.9 vs. 456.7 mg/d, p=0.241). BUN was better removed by CCPD (4846.6
vs. 3393.4 mg/d, p<0.001). CAPD patients with high-transporter characteristics had a higher
peritoneal tCAF removal compared to high-average-transporters (49.8 vs. 28.4 ug/d, p<0.001),
no differences could be detected in CCPD patients between these groups. CAPD patients
using icodextrin twice/day had higher peritoneal clearance of tCAF compared to once daily
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(4.4 vs. 2.8 1/wk/1.73 m? body-surface-area, p<0.001). Conclusions: CAPD was superior to
CCPD concerning peritoneal tCAF removal. This finding was pronounced in high-transporters
and CAPD patients using icodextrin twice daily.

© 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

End stage renal disease (ESRD) is an increasing problem both in industrialized
and developing countries. Once there is an indication for renal replacement therapy,
transplantation, hemodialysis (HD), as well as automated peritoneal dialysis (APD) and
continuous ambulatory peritoneal dialysis (CAPD) are the current treatment options [1].
The standard modality of APD is performed as automated peritoneal dialysis overnight and
an additional peritoneal filling during the day, called continuous cyclic peritoneal dialysis
(CCPD). While CCPD and CAPD are equivalent with respect to mortality and technical failure
[2-4], CAPD appears to have advantages over APD/CCPD concerning sodium removal as well
as conservation of residual renal function [5-7].

There is an ongoing debate if the measurement of small-solute clearances (e.g. urea
or creatinine, [8]) is sufficient to define the adequate dialysis dose [9]. Furthermore, the
effect of the removal of low-molecular-weight-proteins (LMWP, a group of molecules with a
molecular mass of 500 to 60000 Da), on outcome remains unclear. There is a limited number
of data on the difference of peritoneal LMWP clearance between CCPD and CAPD. However,
it is widely accepted that the peritoneal clearance of LMWPs primarily depends on the
duration of contiuous intracavital filling rather than on the number of dialysate exchanges
[10]. Therefore CCPD is regarded as the best APD modality to maintain LMWP clearance.

The peritoneal clearance of molecules decreases with increasing molecular size [11,
12], whereas the contribution of renal clearance increases accordingly. However,
a recent cross-over study comparing high-flow CCPD and standard CAPD did not
observe any significant differences in peritoneal substrate clearances for molecules up
to a mass of beta?-microglobuline (11.8 kDa, [13]).

Recently we showed that serum levels of total C-terminal agrin fragment (tCAF), a
22 k-Da protein derived from agrin, correlated with kidney function in renal transplant
and CCPD patients [14, 15]. The finding in the latter study was primarily due to the low
contribution of peritoneal clearance to the total clearance of tCAE.

The present study evaluated differences in peritoneal removal of the LMWP tCAF
between CCPD and CAPD patients, also evaluating the influence of transport type on removal
rates.

Material and Methods

This prospective, observational, non-interventional study was approved by the local Ethics Approval
Committee (Klinikum rechts der Isar, Technische Universitat, Munich, Germany). All patients enrolled gave
their informed written consent. 15 CCPD and 11 CAPD patients without acute illness or treated peritonitis
during the last six months were enrolled. They were on their dialysis routine for at least one month without
alteration of the dialysis prescription.

APD patients received tidal continuous cyclic peritoneal dialysis (CCPD) treatment with glucose (either
1.36%, 2.27% or 3.86%) and/or amino acid solutions overnight, a long day dwell with icodextrin and a
Baxter HomeChoice Pro Cycler (Baxter International, Deerfield, IL, USA). CAPD patients received treatment
with 1-3 fillings of glucose (1.36% or 2.27%) and 1-2 fillings of icodextrin (table 1). Within 1.5 years 103
sets of serum, 24-hour-urine and 24-hour-dialysate samples were obtained from these 26 patients (median
4 sets, table 1). tCAF, creatinine (Cr), urea-nitrogen (BUN) and cystatin C (CyC) were assessed in all three
materials, albumin (Alb) in serum and dialysate. tCAF levels were measured using a commercially available
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Table 1. Demographic characteristics of the whole cohort as well as CCPD and CAPD group

Total (n= 26, 5=103) CCPD (n=15, 5=63 ) CAPD (n=11,5=40)  p-value
Number of samples per patient (n) 4 (1,7) 45 (1;7) 3.5(2;6) 0.165
Ages (years) 58 (42;89) 53 (42;89) 59 (43;65) 0.151
Gender (male/female) 12/14 8/7 4/7 0.547
Body-mass-index (kg/m?) 26.1(17.8;37.7) 26.5(22.3;32.3) 23.4(17.8;37.7) <0.001
Distribution volume (1) 40.0 (21.5;63.3) 39.4 (26.1;49.5) 36.5 (21.5;63.3) 0.735
Body surface area (m2) 1.9 (1.2;2.6) 1.9 (1.4;2.2) 1.9(1.2;2.6) 0.571
Serum albumin (g/dl) 3.7 (2.2;4.6) 3.6 (2.2;4.6) 3.8 (2.9;4.4) 0.155
24h-dialysate inflow (1) 10.3 (1.5;15.7) 10.6 (4.7;15.7) 6(1.512.6) <0.001
24h-dialysate outflow (1) 10.7 (1.9;17.3) 11.5 (4.9;17.3) 6.4 (1.9;14.2) <0.001
24h-ultrafiltration volume (ml) 725 (-525;2591) 1012 (-525;2951) 625 (-500;2379) 0.011
24h-urine output (1) 1.1 (0;2.8) 0.5(0;2.8) 1.6 (0;2.3) <0.001
Peritoneal filling volume (1) 2(0.75;2.5) 2(1;2.3) 1.7 (0.75;2.5) 0.02
APD-duration (h) 8 (6;10) -
APD-tidal volume (%) 70 (45;90) -
APD-dwell time (min) 54 (31;86) -
APD-number of cycles (n) 7 (49) - -
Number of CAPD-exchanges (n) - 3(2;5) -
Peritoneal transport type (H/HA/LA/L) 12/12/2/0 7/7/1/0 5/5/1/0 0.986

Data are presented as median with minimum and maximum in brackets; n = number of patients; s = number of samples; CPD
= continuous cyclic peritoneal dialysis; CAPD = continuous ambulatory peritoneal dialysis

enzyme-linked immunosorbent assay (ELISA) kit (NTtotalCAF Elisa Kit, Neurotune, Schlieren, Switzerland),
performed as described for NTCAF ELISA [16]. Cr and BUN were measured by photometric techniques (Cr:
normal range 0.7-1.3 mg/dl in males and 0.5-1.1 mg/dl in females; BUN: normal range 7-18 mg/dl). CyC
levels were assessed using a nephelometric immunoassay (normal range 0.50 - 0.96 mg/1). Alb in serum
was measured using a photometric technique, whereas dialysate Alb concentration was assessed using
a nephelometric immunoassay. Primary outcome parameters were the comparison of serum, urine and
dialysate tCAF concentrations as well as total, peritoneal and renal (24h-urine) removal/clearance (Cl)
between the CCPD and CAPD group. Secondary outcomes were the comparison of the same parameters
regarding Cr, BUN and CyC between both groups as well as peritoneal Alb loss. Additionally we tested if
peritoneal membrane transport type influenced substrate removal. The membrane transport type in PD is
defined according to the results of the peritoneal equlilibration test (PET) initially described by Twardowski
[17]. Categorisation is performed according to the extent of uremic toxins having diffused into the dialysate
after a standardized 4-hour dwell. The more the concentration of uremic toxins in the dialysate equalizes
the concentration in the blood the faster the peritoneal transport type (dialysate/blood-ratio). Patients are
then categorized into high, high-average, low-average and low transport type. We perform PETs using a
3.86% glucose solution for the long-term night dwell before the PET and for the PET itself [18]. Patients
were categorized into the different transport types according to BUN dialysate/blood-ratio.

Weekly peritoneal and renal clearance for all four biomarkers were calculated following the equation:
Cl=cD[U)/chVD(U)X(1,73/BSA)X7, where Cp) Tepresents the solute concentration in dialysate (24h-urine), c,
the serum concentration, Vow the spent dialysate (24h-urine) volume. Total clearance is the sum of peritoneal
and renal clearance. Peritoneal Alb loss was calculated multiplying peritoneal dialysate concentration with
the amount of total daily outflow. GFR was calculated as arithmetic mean of renal CrCl and BUNCl in ml/min.

Statistical analysis

For statistical analysis IBM SPSS 20 and R 2.15.1 (R Foundation for Statistical Computing, Vienna,
Austria) programs were used. Continuous data are expressed as median (minimum; maximum), categorial
variables are reported in absolute numbers and percentages of the total population. Mann-Whitney-Test
(continuous variables) and exact Fisher-Test (categorical variables) was performed to analyse statistical
differences between the two groups concerning primary and secondary outcomes as well as demographic/
treatment characteristics. To account for demographic/treatment differences between the CCPD and CAPD
group and its impact on peritoneal solute clearance we performed a multivariate linear regression analysis
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with the referring biomarker’s peritoneal clearance as dependent variable and PD modality as independent
variable. In a second step, this regression analysis was adjusted for variables possibly influencing peritoneal
clearance: age, gender, BMI, peritoneal ultrafiltration, transport type, the parameter’s serum concentration
and total urinary excretion as well as for three different comorbidities, malignant, cardiovascular or
diabetic disease. All these parameters were defined as independent variables; for all multivariate analyses,
continuous parameters were transformed into logarithmic scale except for ultrafiltration (due to some
negative values for which the logarithm is not defined). All analyses were done using a two-sided 0.05 level
of significance and have not been adjusted for multiple testing due to the limited number of samples.

Results

Demographic and dialysis treatment data

CCPD (n=15) and CAPD patients (n=11), did not differ significantly concerning age,
gender, body distribution volume (BDV), body surface area (BSA) and serum albumine
(Alb) concentrations but only BMI, the latter being higher in the CCPD group (26.5 vs.
23.4, p<0.001, table 1). The primary underlying diseases were glomerulonephritis (n=9),
polycystic kidney disease (n=3), diabetes mellitus (n=5), hypertensive nephropathy (n=5),
cardiorenal syndrome (n=3) and amyloidosis (n=1).

Median 24h-urine volume 1.1 (0; 2.8) 1/d was significantly lower in the CCPD than in
the CAPD group (0.5 vs. 1.6 1/d, p<0.001, table 1), resulting in a difference of residual renal
function (RRF; 1.8 vs. 4.8 ml/min, p<0.001, table 2). As expected, 24h-amount of dialysate
used was significantly higher in the CCPD than in the CAPD group (10.6 vs. 6 1/d, p<0.001,
table 1). Accordingly, peritoneal filling volume and ultrafiltration volume were higher in the
CCPD group (2 vs. 1.7 1/d, p=0.02 and 1.0 vs. 0.6 1/d, p=0.011 respectively, table 1). Median
total kt/V was 2.0 (0.8;3.7) and comparable between both groups (CCPD 2.07, CAPD 1.92,
p=0.549).

Concentrations, total solute removal and clearances of tCAE, CyC, Cr and BUN/peritoneal

albumin loss

Serum and urine concentrations of all biomarkers did not differ significantly between
the CCPD and CAPD group (table 2). Due to higher RRF the urinary total solute removal and
clearance of all biomarkers were higher in the CAPD group (table 2).

The tCAF dialysate concentration was 4-fold higher in the CAPD than in the CCPD group
(339.4 vs. 84.7 pM, p<0.001, table 2). Concentrations of all other biomarkers were higher in
the CAPD group, although less pronounced compared to tCAF (1.3-, 1.5- and 2.5-fold for BUN,
Cr and CyC resp., table 2). Total peritoneal removal and clearance of tCAF was significantly
higher in the CAPD group (35.3 vs. 19.3 pg, p<0.001, 3.3 vs. 1.7 1/wk/1.73 m2 BSA, p<0.001,
table 2). In contrary, Cr and CyC total solute removal did not differ significantly between the
CAPD and CCPD group (423.9 vs. 456.7 mg, p=0.241 and 7.7 vs. 6.1 mg, p=0.08, table 2).,
whereas total peritoneal BUN elimination was significantly higher in the CCPD group (4846.6
vs. 3393.4 mg, p<0.001, table 2). Peritoneal cystatin C clearance was significantly higher in
the CAPD group (9.9 vs. 7.0 1/wk/1.73 m?, p<0.001, table 2), whereas creatinine clearance
was not significantly different (33.9 vs. 33.4 1/wk/1.73 m? p=0.450, table 2). Peritoneal
BUN clearance was higher in the CCPD group (52.1 vs. 38.9 1/wk/1.73 m?, p<0.001, table 2).
Serum albumin concentrations were not different between the two groups, the peritoneal
loss of albumin was significantly higher in the CAPD than in the CCPD group (4.3 vs. 3.7 g/d,
p=0.008), table 2, figure 1.

Influence of peritoneal transport type on peritoneal substrate removal/clearance

Since 24 /26 patients included in the study were high or high-average transport types we
only analysed these two groups. In CCPD the transport type did not substantially influence
the peritoneal clearance of any biomarker/albumin (p>0.05 for all parameters, table 3,
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and CAPD, in high-average transporters differences in biomarker clearance could only be

detected for BUN in favour of CCPD (51.0 vs. 38.9 1/wk/1.73 m?, p<0.001, table 3). In high-
transporters, BUN clearance was significantly higher in CCPD (54.2 vs. 38.4 1/wk/1.73 m?,

p<0.001, table 3), whereas tCAF and CyC clearance was higher in CAPD (4.3 vs. 1.7 and 12.4

vs. 6.9 1/wk/1.73 m?, p<0.001 resp., table 3).
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Fig. 1. Boxplots comparing the peritoneal clearance of different biomarkers between continuous cyclic
peritoneal dialysis (CCPD) and continuous ambulatory peritoneal dialysis (CAPD); BSA = body surface area;
BUN = blood-urea-nitrogen; tCAF = total C-terminal agrin fragment.

Univariate/Multivariate linear regression analysis concerning peritoneal clearance

In univariate linear regression, (log) tCAF clearance was significantly associated with
the PD modality (standardized (=0.464, 95%-CI 0.200-0.450, p<0.001) at a R*=0.464,
expressing that 46% of tCAF clearance variation can be explained by PD modality. Whereas
also albumin loss, cystatin C and BUN clearance were associated with PD modality (albumin:
=0.236, 95%-CI 0.015-0.170, p=0.02; cystatin C: =0.405, 95%-CI 0.078-0.209, p<0.001;
BUN: $=-0.548, 95%-CI -0.205-(-0.108), p<0.001), creatinine was not (3=-0.126, 95%-CI
-0.077-0.018, p=0.217). After adjustment for potential confounding factors in multivariate
regression analysis, the association for tCAF remained significant ($=0.430, 95%-CI
0.172-0.430, p<0.001). R? increased to 0.644, indicating that around 64% of the variation
can be explained with this model. Also albumin (3=0.381, 95%-CI 0.069-0.232, p<0.001),
cystatin C ($=0.362, 95%-CI 0.062-0.194, p<0.001) and BUN (f8=-0.365, 95%-CI -0.150-(-
0.059), p<0.001) remained significantly associated with PD modality, results remained not
significant for creatinine (3=0.128, 95%-CI -0.014-0.074, p=0.177).

Discussion
In this study we compared total, renal and peritoneal removal of non-protein-bound

substances with different molecular masses from 60 up to 22.000 Dalton and peritoneal Alb
loss between two modalities of PD, tidal CCPD and CAPD.
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Fig.2. Boxplots comparing the peritoneal clearance of different biomarkers between continuous cyclic peri-
toneal dialysis (CCPD) and continuous ambulatory peritoneal dialysis (CAPD) as well as different transport
types; BSA = body surface area; BUN = blood-urea-nitrogen; tCAF = C-terminal-agrin- fragment.

Whereas the peritoneal clearance was higher for BUN in CCPD it was significantly higher
in CAPD for both LMWPs tCAF and CyC. The clearance was 1.4-fold in CAPD for CyC, while
it was nearly 2-fold for tCAF, indicating that the higher the molecular mass of the solute, the
greater the difference between CAPD and CCPD. These significant differences persisted also
after adjusting for multiple variables. The difference was predominantly due to differences
in high-transporters, indicating that this subgroup of patients particularly benefits from
CAPD treatment concerning LMWP removal. Finally, albumin loss was also higher in the
CAPD group, but the difference was only 1.16-fold and did not influence serum albumin
concentration. Renal clearance of tCAF was nearly 3-fold higher in CAPD patients due to
higher RRF. It can be speculated that the difference in peritoneal tCAF clearance between
CCPD and CAPD might have been even more pronounced in favour of CAPD treatment in
groups with comparable RREF, since we could already show that higher RRF lowers the
peritoneal contribution of tCAF clearance to total clearance [15]. Italso needs to be addressed
that our CAPD cohort had a median 24-h dialysate volume of 6 litres achieved with a median
of 3 exchanges/day, which is below the usually used 4x2-2.5 1/d and significantly less than
the 11.5 1/d used in the CCPD group. So it can be assumed that peritoneal tCAF clearance
might be even higher in CAPD regimens with higher dialysate volume. Actually, we did see
a trend towards higher peritoneal clearance in CAPD patients with higher dialysate volume.
In contrary, we did not assume that the addition of another exchange would substantially
increase the peritoneal clearance of tCAF, as in our experience the dialysate/serum quotient
for tCAF is between 0.03 and 0.17 after a four hour dwell (unpublished data). To further
evaluate this point we performed an analysis dividing our CAPD group into patients with
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Total (n=98) CCPD (n=59) CAPD (n=39) p-value
high-transporter n=54 n=31 n=23
Urea serum concentration (mg/dl) 59.0 (24.0;99.0) 63.5 (43.0;99.0) 53.0 (24.0;91.0) 0.022
Urea dialysate concentration (mg/dl) 46.0 (23.0;91.0) 45.0 (27.0,78.0) 50.0 (23.0,91.0) 0.470
Urea total dialysate amount (mg) 4726.5 (494.5;10530.0) 5175.3 (2107.0;10530.0) 3158.2 (494.5;5956.1) <0.001
Urea perit. clearance (1/wk/1.73 m2 BSA) 47.2 (13.1;115.5) 54.2 (21.3;115.5) 384 (13.1,62.1) <0.001
Creatinine serum concentration (mg/dl) 8.6 (1.4;12.3) 9.3 (6.3;12.3) 8.0 (1.4;,11.0) 0.073
Creatinine dialysate concentration (mg/dl) 4.8 (1.3;9.9) 4.5(2.3;6.4) 6.1(1.3;9.9) 0.008
Creatinine total dialysate amount (mg) 481.7 (28.0;917.7) 485.5 (250.6;917.7) 469.9 (28.0;810.0) 0.419
Creatinine perit. cl. (1/wk/1.73 m2 BSA) 36.1(13.6;63.9) 36.5(19.1;63.9) 36.1(13.6;45.4) 0.355
Cystatin C serum concentration (mg/1) 5.3(1.9;9.2) 5.6 (4.0;9.2) 4.9 (1.9;6.4) 0.005
Cystatin C dialysate concentration (mg/1) 0.6 (0.3;1.9) 0.5 (0.3;1.2) 1.4 (0.6;1.9) <0.001
Cystatin C total dialysate amount (mg) 7.0 (2.2;15.8) 6.3 (2.6;15.8) 8.7 (2.2;15.4) 0.029
Cystatin C perit. cl. (1/wk/1.73 m2 BSA) 7.9 (3.9;19.3) 6.9 (3.9;19.3) 12.4 (6.7;16.4) <0.001
tCAF serum concentration (pM) 3791.0 (1230.9;9605.2) 4066.3 (1999.2;9605.2) 3653.1(1230.9;5718.5) 0.190
tCAF dialysate concentration (pM) 204.7 (9.2;835.9) 89.8 (9.2;575.0) 440.4 (79.7,835.9) <0.001
tCAF total dialysate amount (pg) 27.7 (1.9;130.2) 19.3 (1.9;130.2) 49.8 (15.4,82.8) 0.003
tCAF perit. clearance (1/wk/1.73 m2 BSA) 2.7 (0.2;10.1) 1.7 (0.2;10.1) 4.3 (1.5;84) <0.001
Albumin dialysate concentration (mg/1) 483.0 (124.0;1320.0) 333.0 (124.0;710.0) 826.0 (208.0;1320.0) <0.001
Albumin total dialysate amount (g) 4.1(1.3;9.6) 3.6 (1.3;9.6) 4.7 (1.5;6.7) 0.154
high-average-transporter n=44 n=28 n=16
Urea serum concentration (mg/dl) 57.2 (22.0;166.0) 52.5 (22.0;166.0) 60.0 (29.0;80.0) 0.708
Urea dialysate concentration (mg/dl) 41.0 (12.0;85.0) 37.3(12.0;85.0) 54.0 (34.0;81.0) 0.002
Urea total dialysate amount (mg) 4415.2 (1394.0;11388.0) 4530.5 (1414.9;11388.0) 3313.65 (1394.0;5265.0) 0.043
Urea perit. clearance (1/wk/1.73 m2 BSA) 46.3 (25.6;70.7) 51.0 (35.6;70.7) 38.9 (25.6;50.6) <0.001
Creatinine serum concentration (mg/dl) 8.3(3.7;14.3) 8.5 (3.7,14.3) 8.1(3.7;10.3) 0.376
Creatinine dialysate concentration (mg/dl) 4.3 (1.8;8.3) 3.3 (1.8;7.5) 5.6 (3.5;8.3) <0.001
Creatinine total dialysate amount (mg) 389.1(143.5;1062.2) 390.6 (179.3;1062.2) 371.7 (143.5;700.8) 0.144
Creatinine perit. cl. (I/wk/1.73 m2 BSA) 31.6 (23.6;48.6) 31.8 (23.6;48.6) 31.2 (24.6;40.0) 0.291
Cystatin C serum concentration (mg/1) 5.0 (2.7;8.0) 5.4 (3.1;8.0) 4.8 (2.7;6.7) 0.008
Cystatin C dialysate concentration (mg/1) 0.6 (0.2;1.3) 0.5 (0.2;1.3) 1.1 (0.6;1.3) <0.001
Cystatin C total dialysate amount (mg) 6.2 (2.7;15.5) 6.2 (2.7;15.5) 5.0 (3.7;8.4) 0.676
Cystatin C perit. cl. (I/wk/1.73 m2 BS.) 7.5(2.9;18.5) 7.4 (2.9;185) 8.5(5.3;10.3) 0.249
tCAF serum concentration (pM) 3689.0 (1968.5;6418.8) 3713.3 (2194.3;6337.2) 3660.1 (1968.5;6418.8) 0.695
tCAF dialysate concentration (pM) 113.9 (10.9;441.4) 87.1(10.9;326.3) 216.7 (80.6;441.4) <0.001
tCAF total dialysate amount (jg) 23.9 (3.6;79.2) 22.4 (3.6;79.2) 28.4 (8.1;54.6) 0.135
tCAF perit. clearance (1/wk/1.73 m2 BSA) 2.0(0.3;5.5) 1.8 (0.3;5.5) 2.4(0.7;5.1) 0.100
Albumin dialysate concentration (mg/I) 332.0 (92.2;925.0) 244.5 (92.2;770.0) 698.0 (330.0;925.0) <0.001
Albumin total dialysate amount (g) 3.4 (1.2,9.3) 3.1(1.2;9.3) 4.3 (2.4,6.1) 0.064

Data are presented as median with minimum and maximum in brackets; n = number samples; CCPD = continuous cyclic peritoneal dialysis; CAPD =

continuous ambulatory peritoneal dialysis; tCAF = total C-terminal agrin fragment; BSA = body surface area; BUN = urea-nitrogen

4 exchanges/day and <4 exchanges/day (the latter using icodextrin twice per day, table 4).
Whereas both groups significantly outperformed the CCPD group concerning peritoneal
tCAF removal, the CAPD group with <4 exchanges/day had a significantly higher peritoneal
tCAF clearance than the 4 exchange/day group (4.4 vs. 2.81/wk/1.73 m2 BSA, p<0.001, table
4). Icodextrin has been shown to remove LMWPs more efficiently, probably due to better
convective transport [19]. Still it has to be admitted that the number of high-transporter was
greater in the <4 exchanges/day group. In support of our data, also Kim et al did not detect a

positive influence on LMWP removal by increasing the number of exchanges [20].

High-transport type appears to be a crucial factor that explains the difference of
peritoneal tCAF removal, since this subgroup particularly had a benefit from CAPD treatment,
whereas high-average transporter did not. Surprisingly the transport type did not influence
LMWP clearances in CCPD patients despite a daily filling with Icodextrin. Therefore it can
be stated that the peritoneal transport type cannot exclusively explain tCAF elimination but
the treatment modality appears to play an important role. Again the difference was more
pronounced for tCAF compared to CyC. However, albumin removal was not substantially
influenced by transport type. Al-Wakeel et al stated that CyC removal behaves the same
way as Cr, but transport type has lower impact on CyC than on Cr [21]; a finding that is
contradictory to our results.
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Table 4. Demographic parameters and comparison of tCAF concentrations, removal and clearance
between CCPD, CAPD patients with 4 exchanges and <4 exchanges per day

CCPD (n=15, s=63) CAPD 4/d (n=6, s=21) CAPD <4/d (n=5, s=19)
Number of samples per patient (n) 4.5 (1;7) 3(2;5) 4 (3;6)
Ages (years) 53 (42;89) 61 (43;65) 61 (48;64)
Gender (male/female) 8/7 3/3 1/4
Distribution volume (1) 39.4 (26.1;49.5) 42.7 (26.8;63.3) 32.9(21.5;37.3)
Body surface area (m?) 1.9 (1.4;2.2) 2.0 (1.5;2.6) 1.8(1.2;1.9)
Peritoneal transport type (H/HA/LA/L) 7/7/1/0 2/3/1/0 3/2/0/0
tCAF
serum concentration (pM) 3617.4 (1592.3;9605.2)° 3773.3(2906.7;,5294.3)* 3326.1 (1230.9;5700.1)"#
urine concentration (pM) 1755.8 (0;4426.1) 1552.6 (0;3572.0) 1367.5 (0;2441.4)
total urinary amount (ug) 20.5 (0;101.6)8 50.5 (0;91.9)% 39.8(0;85.1)
dialysate concentration (pM) 84.7 (9.2;575.0)"% 2553 (117.4;488.1)5.# 440.4 (80.6;835.9)"#
total dialysate amount (pg) 19.3(1.9;130.2)"% 34.1 (18.0;75.5)8 39.9 (8.1;,82.8)"
total clearance (I/wk/1.73 m2 BSA) 3.8(0.8;14.8)"% 7.8 (2.3;11.0)% 9.3 (1.6;21.6)"
renal clearance (1/wk/1.73 m2 BSA,% of total clearance) 1.8 (0;13.1,51.1%)"8 4.5 (0;6.9; 52.4%)% 4.8 (0;13.2,53.3%)"
perit. clearance (1/wk/1.73 m2 BSA,% of total clearance) 1.7 (0.2;10.1, 48.9%)"§ 2.8 (1.5;5.6; 47.6%)5 # 4.4 (0.7;8.4, 46.7%)" #

Data are presented as median with minimum and maximum in brackets; n = number of patients; s = number of samples; CCPD =
continuous cyclic peritoneal dialysis; CAPD 4/d = continuous ambulatory peritoneal dialysis with four exchanges per day; CAPD <4/d =
continuous ambulatory peritoneal dialysis with less than four exchanges per day; peritoneal transport type: H=high, HA=high-average,
LA=low-average, L=low; tCAF = total C-terminal agrin fragment; parameters marked with * differ at a significance level of p<0.05;
parameters marked with § differ at a significance level of p<0.05; parameters marked with # differ at a significance level of p<0.05

Earlier studies could not detect a difference in LMWP clearance between APD and
CAPD patients [13, 22]. However, in both studies no patients with high-transporter status
were included (resp. one in the study of Evenepoel), the group of patients for which we
showed the most pronounced differences concerning peritoneal tCAF removal. In regard
to high-average transport types we could reproduce the results of both studies with non-
significant differences. In summary, we do not consider our results to be contradictory to the
observations from earlier studies. However, it has to be kept in mind that our results were
not gathered from a cross-over controlled trial.

We were aware that including 103 sets of samples gathered from 26 patients could bias
our results. Therefore we also evaluated only one randomly selected set of samples of each
patient. Whereas the peritoneal clearance between CCPD and CAPD did not significantly
differ regarding BUN and Cr, it remained significant for CyC and tCAF in CAPD.

The explanation for the difference of peritoneal large LMWP removal is most likely
based on different diffusive and convective abilities of molecules based on molecular radius
[23]: Arbeiter et al demonstrated a linear increase of LMWP elimination over a 4h-period in
a peritoneal equilibration test (PET), whereas an equilibration between serum and dialysate
for BUN is already reached after one hour. Kabanda et al demonstrated a similar finding of
a steep decrease of peritoneal clearance for proteins with a molecular mass between 13
and 26 kDa [24]. It was discussed that clearance of proteins on the upper range of the scale
even more rely on long dwell times compared to smaller ones. Yamamoto et al demonstrated
an inverse correlation between peritoneal small solute clearance and beta-2-microglobulin
serum concentrations, indicating that shorter dwell times impede the elimination of LMWP
[25].

Another fact that needs to be addressed is that despite higher renal and peritoneal
removal of tCAF in CAPD patients serum concentrations were comparable to those in CCPD
patients, as one might expect lower serum concentrations with higher removal. However, in
our study also creatinine and cystatin C concentrations did not differ substantially despite
higher total substance removal of both parameters in CAPD. Therefore it has to be stated that
serum concentrations are inaccurately correlated to dialysis dose, as it has been also shown
for cystatin C and p-cresol in hemodialysis and peritoneal dialysis patients, respectively [22,
26]. Possibly the production rate of tCAF is adapted to removal; the origin of tCAF in the
blood is rather from non-neuronal tissue, since both agrin (the substrate tCAF is generated
from) and neurotrypsin (the enzyme splicing agrin so that tCAF is generated) can be found in
various organs (personal communication Hettwer S, Neurotune AG). However, to elucidate
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this finding is beyond the scope of this article and needs further evaluation in basic science
related studies, e.g. tissue-specific neurotrypsin knock-out mouse models.

Our study has some limitations: The number of study participants is rather small and we
gathered 103 samples in 26 patients, a circumstance that might lead to a sample collection
bias. Therefore we conducted an analysis implying only one sample of each patient. The
study was not conducted in a cross-over design, so we cannot be sure that differences exist
between the two groups that might influence the results, although we accounted for that fact
by performing multivariate regression analysis. In CCPD patients, samples were collected
after complete termination of the procedure, so possibly small amounts of unused dialysate
from flush or the heating bag might have been drained into the collection bag. Therefore
differences between clearance rates and total solute removal might exist.

Conclusion

We could show that CAPD outperforms CCPD concerning LMWP clearance. tCAF
as a marker for LMWPs exceeding a molecular mass of 20 kDa was even more effectively
eliminated by CAPD compared to cystatin C, indicating that with increasing molecular mass
the advantage of CAPD over CCPD becomes more pronounced. According to our study this
is predominantly seen in peritoneal high transporters, also increased convective transport
mediated by the use of icodextrin twice per day contributed to LMWP removal. If these
findings result into advantages concerning morbidity or mortality needs to be addressed in
future studies.
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