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We investigated changes in peritoneal transport in
patients treated at least 2 years with continuous am-
bulatory peritoneal dialysis (CAPD). The study in-
cluded 28 patients (21 men, 7 women; CAPD
duration: 24.0 – 28.3 months) who underwent peri-
toneal equilibration tests (PETs) at 3-month intervals
for up to 24 months (group 24mPET). The PET re-
sults obtained at 24 months were compared to the re-
sults of the first PET taken in the same group (PET1,
0.03 – 15.86 months) and to the results of groups
1mPET and 6mPET. Group 1mPET consisted of 41 pa-
tients—among them 14 patients (9 men, 5 women)
from group 24mPET—who underwent a PET during
the first month of CAPD. Group 6mPET consisted of
60 patients—among them 21 patients (15 men,
6 women) from group 24mPET—who underwent a
PET at months 5 – 7 of CAPD.

In analyzing paired data, we observed a signifi-
cant reduction in vascular-to-mesothelial peritoneal
transport (V→M PT) in the entire group and in men.
In analyzing unpaired data, we observed a reduction
in V→M PT between the 24mPET (n = 28) group and
the 6mPET (n = 60) group [dialysate-to-plasma
(D4/P2) creatinine: 0.54 ± 0.18 vs. 0.65 ± 0.19, p =
0.013]. Distribution of low, low-average, high-aver-
age, and high transporters did not vary among the
groups, except in the case of low creatinine transport-
ers, who represented 47% of the 24mPET group and
23% of the 6mPET group (p = 0.046).

We conclude that in patients (men) treated with
CAPD at least 2 years, V→M PT decreases, increas-
ing the percentage of low creatinine transporters and
having no significant influence on dialysate drain vol-
ume. Peritoneal transport of glucose is stable over a
2-year period.

Key words
Peritoneal transport, peritoneal equilibration test, con-
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Introduction
Peritoneal transport is claimed to be stable for up to
24 months of continuous ambulatory peritoneal dialy-
sis [CAPD (1–3)]. After that, an increase is usually
observed (1,2).

In a report of 177 serial peritoneal equilibration
tests (PETs) performed in 49 patients, only 25% of
patients showed a significant increase in PET values
for dialysate-to-plasma (D/P) creatinine over a period
of observation lasting up to 24 months. Reduced peri-
toneal membrane function was observed in 10% (4).
After long-term uneventful CAPD, a centripetal
change of D/P creatinine transport was observed
(3,5,6). A similar pattern of change in final-to-initial
dialysate glucose (D4/D0) and in ultrafiltration was
also reported (6).

These results suggest a regression-to-mean phe-
nomenon, which may explain why long-term dialyzed
patients are usually high-average transporters (5). Our
retrospective study was arranged to investigate
changes in peritoneal transport in patients treated at
least 2 years with CAPD.

Patients and methods
From among 132 CAPD patients who underwent regu-
lar PETs (carried out at three-month intervals, except
during periods of clinically manifest infection), we
selected a group of 28 patients whose CAPD duration
exceeded 24 months. We called this group 24mPET.
It included 21 men and 7 women whose CAPD dura-
tion ranged from 24.0 months to 28.3 months (median:
24.6 months).

The PET results obtained at the 24th month were
compared to those of the first PET (PET1) taken in
the same group (0.03 – 15.86 months; median:
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1.25 months) and to the results of two groups 1mPET
and 6mPET (Table I).

Group 1mPET consisted of 41 patients (27 men,
14 women—including 9 men and 5 women from
24mPET) who underwent a PET during the 1st month
of CAPD (0.03 – 0.99 months; median: 0.46 months).
Group 6mPET consisted of 60 patients (37 men, 23
women—including 15 men and 6 women from
24mPET) who underwent a PET at 5 – 7 months
(5.00 – 6.97 months; median: 5.97) after the start of
CAPD.

Each PET was performed using 2.27% glucose
dialysis solution according to the method described
by Twardowski et al. (7), after a preceding overnight
exchange with 2 L of 2.27% glucose dialysis solu-
tion. Drainage of dialysate from the overnight ex-
change was individually prolonged in every case to
empty the peritoneal cavity to the greatest extent as
possible. The drain bag was weighed on an electronic
scale during dialysate outflow and drainage was
stopped when three consecutive weighings, taken at
5-minute intervals, yielded an identical value.

During each PET, dialysate samples (5 mL each)
were collected at 0, 2, and 4 hours’ equilibration time
after infusion, and blood samples were drawn at
2 hours after dialysate infusion. At the end of the
4-hour dwell, the dialysate was collected, and its vol-
ume was measured.

Creatinine and glucose were estimated using re-
agents from Cormay Reagents (Lublin, Poland). We
determined the ratio of the creatinine concentration

in dialysate at the 4th hour of the dwell to that in the
plasma at the 2nd hour of the dwell (D4/P2 creatinine),
the ratio of the glucose concentration in dialysate at
the 4th hour of dwell to that in dialysate at the 0 hour
of the dwell (D4/D0 glucose), and the dialysate drain
volume.

All results are expressed as mean ± standard de-
viation. A median (M) is also given, because the range
of values is mostly inconsistent with the normal one.
The Wilcoxon test and the McNemar chi-square test
were used to determine statistical differences for paired
data, and the Mann–Whitney test and the Fisher exact
test were used to evaluate unpaired data. Statistical
significance was defined as p < 0.05, except in the
McNemar test, which reaches statistical significance
at p > 3.841.

Results
In analyzing paired data (Tables II – IV), we observed
a significant reduction in vascular-to-mesothelial peri-
toneal transport (V→M PT) in the entire group. How-
ever, when allowances for sex were made, the
reduction was observed to occur only in men. That
result may be attributable to small number of women
included in the study (n = 7 in the 24mPET group).

In analyzing the unpaired data (Tables V and VI),
and considering the data from all groups, a similar
phenomenon was observed only between the 24mPET
and 6mPET groups [D4/P2 creatinine: 0.54 ± 0.18 and
0.52 (M) vs. 0.65 ± 0.19 and 0.67 (M) respectively,
p = 0.013].

In all three groups (24mPET, 1mPET, and
6mPET), we found a positive correlation between di-
alysate drain volume and D4/D0 glucose (24mPET:
r = +0.52, p = 0.004; 1mPET: r = +0.43, p = 0.005;
6mPET: r = +0.29, p = 0.025). In the 6mPET and PET1
groups, the drain volume was inversely correlated with
D4/P2 creatinine (6mPET: r = –0.26, p = 0.043; PET1:
r = –0.43, p = 0.022). Group 24mPET showed a sur-
prising positive correlation between D4/D0 glucose and
D4/P2 creatinine (r = +0.44, p = 0.020).

Distribution of low (L), low-average (LA), high-
average (HA), and high (H) transporters (Figure 1)
did not vary significantly among groups, with the ex-
ception of low creatinine transporters, who represented
47% of the 24mPET group and 23% of the 6mPET
group (p = 0.046). When we evaluated a subgroup of
average creatinine transporters (HA and LA, Figure 2),
we noted a proportional reduction, from 71% of PET1
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TABLE I Patient characteristics

Group
24mPET PET1 1mPET 6mPET

PD duration (months)
Mean±SD 25.17±1.14 2.89±4.05 0.47±0.26 6.02±0.57
Median 24.62 1.25 0.46 5.99
Range 24.01–28.26 0.03–15.86 0.03–0.99 5.00–6.97

Patients (n) 28 28 41 60
Sex [n (n from 24mPET group)]

Men 21 21 (21) 27 (9) 37 (15)
Women 7 7 (7) 14 (5) 23 (6)

24mPET = group of patients undergoing a peritoneal equilibration
test (PET) at 24 months of treatment; PET1 = first PET in the
24mPET group; 1mPET = group of patients undergoing a PET at
1 month of treatment; 6mPET = group of patients undergoing a
PET at about 6 months of treatment; PD = peritoneal dialysis;
SD = standard deviation.
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(20 of 28 patients) to 46% of 24mPET (13 of 28 pa-
tients), p = 0.499 by to the McNemar chi-square test,
in which p > 3.841 is statistically relevant.

Discussion
Our results indicate that V→M PT decreases in pa-
tients (men) treated with CAPD for at least 2 years,
increasing the percentage of low creatinine transport-
ers and having no significant influence on dialysate
drain volume. Glucose peritoneal transport remains
stable over the same period.

In contrast to our study, an increase in peritoneal
transport is usually observed in long-term PD follow-
up (1,2). Passlick–Deetjen et al. (1) followed 86

chronic CAPD patients for up to 36 months and ob-
served statistically significant changes in equilibra-
tion ratios for creatinine at 24 months and for glucose
at 36 months (as compared with baseline values).

In our previous studies (8), we observed a reduc-
tion in V→M PT during 20 months’ observation in
patients above 60 years of age (younger patients main-
tained stable peritoneal transport). No significant
changes were seen in glucose peritoneal transport at
the same PD duration, which supports the present
study and indicates that M→V PT is more stable over
time. Constancy in M→V transport was also docu-
mented (independent of peritonitis occurrence) in chil-
dren observed for a similar time period (9). And, in a

Changes in Peritoneal Transport

TABLE III Results of peritoneal equilibration test (PET), data pair 2

24mPET 1mPET p Value

D4/P2 creatinine [value±SD (median)]
All patients (n=14) 0.46±0.15 (0.48) 0.60±0.14 (0.61) 0.030 a

Men (n=9) 0.43±0.16 (0.36) 0.61±0.11 (0.60) 0.021 a

Women (n=5) 0.50±0.12 (0.53) 0.60±0.21 (0.61) 0.686
D4/D0 glucose [value±SD (median)]

All patients (n=14) 0.35±0.14 (0.39) 0.40±0.11 (0.41) 0.330
Men (n=9) 0.32±0.13 (0.31) 0.37±0.12 (0.37) 0.374
Women (n=5) 0.39±0.16 (0.46) 0.45±0.04 (0.44) 0.893

Dialysate drain volume [mL, value±SD (median)]
All patients (n=14) 2414±196 (2400) 2629±408 (2475) 0.075
Men (n=9) 2356±167 (2400) 2522±239 (2400) 0.093
Women (n=5) 2520±217 (2600) 2820±596 (2600) 0.285

a Statistically significant difference.
24mPET = group of patients undergoing a PET at 24 months of treatment; 1mPET = group of patients undergoing a PET at 1 month of
treatment; D4/P2 = 4-hour dialysate to 2-hour plasma ratio of creatinine; D4/D0 = 4-hour to initial ratio of dialysate glucose.

TABLE II Results of peritoneal equilibration test (PET), data pair 1

24mPET PET1 p Value

D4/P2 creatinine [value±SD (median)]
All patients (n=28) 0.54±0.18 (0.52) 0.66±0.16 (0.67) 0.008 a

Men (n=21) 0.55±0.19 (0.50) 0.68±0.15 (0.69) 0.010 a

Women (n=7) 0.53±0.12 (0.56) 0.61±0.17 (0.65) 0.499
D4/D0 glucose [value±SD (median)]

All patients (n=28) 0.35±0.11 (0.36) 0.36±0.12 (0.38) 0.682
Men (n=21) 0.34±0.11 (0.35) 0.34±0.13 (0.33) 0.931
Women (n=7) 0.38±0.14 (0.44) 0.43±0.06 (0.43) 0.612

Dialysate drain volume [mL, value±SD (median)]
All patients (n=28) 2395±207 (2400) 2429±388 (2400) 1.000
Men (n=21) 2400±176 (2400) 2324±273 (2300) 0.198
Women (n=7) 2379±230 (2400) 2743±525 (2600) 0.080

a Statistically significant difference.
24mPET = group of patients undergoing a PET at 24 months of treatment; PET1 = first PET in the 24mPET group; D4/P2 = 4-hour
dialysate to 2-hour plasma ratio of creatinine; SD = standard deviation; D4/D0 = 4-hour to initial ratio of dialysate glucose.
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7-year retrospective cohort survey, median D/P creat-
inine decreased significantly, but neither the D4/D0
glucose nor the final median ultrafiltration did (6).

Ultrafiltration volume was positively correlated
with D4/D0 glucose in the groups 24mPET, 1mPET,

and 6mPET, and inversely correlated with V→M PT
in the groups 6mPET and PET1, supporting previous
observations (10). Group 24mPET showed a positive

TABLE VI Results of peritoneal equilibration test (PET), unpaired
data 2

24mPET 6mPET p Value

D4/P2 creatinine [value±SD (median)]
All patients 0.54±0.18 (0.52) 0.65±0.19 (0.67) 0.018 a

n=28 n=60
Men 0.55±0.19 (0.50) 0.64±0.20 (0.66) 0.103

n=21 n=37
Women 0.53±0.12 (0.56) 0.65±0.16 (0.68) 0.096

n=7 n=23
D4/D0 glucose [value±SD (median)]

All patients 0.35±0.11 (0.36) 0.33±0.12 (0.30) 0.251
n=28 n=60

Men 0.34±0.11 (0.35) 0.33±0.12 (0.32) 0.677
n=21 n=37

Women 0.38±0.14 (0.44) 0.33±0.14 (0.28) 0.335
n=7 n=23

Dialysate drain volume [mL, value±SD (median)]
All patients 2395±207 (2400) 2338±193 (2300) 0.121

n=28 n=60
Men 2400±176 (2400) 2326±187 (2300) 0.096

n=21 n=37
Women 2379±230 (2400) 2359±200 (2300) 0.848

n=7 n=23

a Statistically significant difference.
24mPET = group of patients undergoing a PET at 24 months of
treatment; 6mPET = group of patients undergoing a PET at
6 months of treatment; D4/P2 = 4-hour dialysate to 2-hour plasma
ratio of creatinine; D4/D0 = 4-hour to initial ratio of dialysate
glucose.

TABLE V Results of peritoneal equilibration test (PET), unpaired
data 1

24mPET 1mPET p Value

D4/P2 creatinine [value±SD (median)]
All patients 0.54±0.18 (0.52) 0.61±0.14 (0.61) 0.095

n=28 n=41
Men 0.55±0.19 (0.50) 0.61±0.14 (0.60) 0.215

n=21 n=27
Women 0.53±0.12 (0.56) 0.62±0.14 (0.64) 0.110

n=7 n=14
D4/D0 glucose [value±SD (median)]

All patients 0.35±0.11 (0.36) 0.38±0.12 (0.38) 0.477
n=28 n=41

Men 0.34±0.11 (0.35) 0.36±0.11 (0.37) 0.742
n=21 n=27

Women 0.38±0.14 (0.44) 0.42±0.13 (0.44) 0.689
n=7 n=14

Dialysate drain volume [mL, value±SD (median)]
All patients 2395±207 (2400) 2430±367 (2400) 0.976

n=28 n=41
Men 2400±176 (2400) 2372±323 (2400) 0.510

n=21 n=27
Women 2379±230 (2400) 2543±418 (2475) 0.585

n=7 n=14

24mPET = group of patients undergoing a PET at 24 months of
treatment; 1mPET = group of patients undergoing a PET at 1 month
of treatment; D4/P2 = 4-hour dialysate to 2-hour plasma ratio of
creatinine; D4/D0 = 4-hour to initial ratio of dialysate glucose.

TABLE IV Results of peritoneal equilibration test (PET), data pair 3

24mPET 6mPET p Value

D4/P2 creatinine [value±SD (median)]
All patients (n=21) 0.52±0.16 (0.51) 0.67±0.16 (0.67) 0.012 a

Men (n=15) 0.50±0.19 (0.44) 0.70±0.16 (0.69) 0.009 a

Women (n=6) 0.57±0.07 (0.56) 0.59±0.14 (0.59) 0.753
D4/D0 glucose [value±SD (median)]

All patients (n=21) 0.35±0.11 (0.37) 0.35±0.11 (0.32) 0.639
Men (n=15) 0.32±0.11 (0.34) 0.31±0.07 (0.30) 0.496
Women (n=6) 0.43±0.06 (0.45) 0.44±0.15 (0.47) 0.917

Dialysate drain volume [mL, value±SD (median)]
All patients (n=21) 2379±224 (2400) 2319±216 (2300) 0.289
Men (n=15) 2367±188 (2350) 2250±155 (2250) 0.069
Women (n=6) 2408±317 (2500) 2492±265 (2400) 0.529

a Statistically significant difference.
24mPET = group of patients undergoing a PET at 24 months of treatment; 6mPET = group of patients undergoing a PET at 6 months of
treatment; D4/P2 = 4-hour dialysate to 2-hour plasma ratio of creatinine; D4/D0 = 4-hour to initial ratio of dialysate glucose.
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correlation between D4/D0 glucose and D4/P2 creati-
nine, which is quite surprising, because inverse cor-
relation is claimed for that relationship (5).

Hung et al. (6) found that the pattern of final
peritoneal transport was significantly altered as
compared with initial PET results: only 15.6% of
patients remained H or L transporters (the extreme
subgroups). On the other hand, 84.4% maintained

initial HA or LA transport status (the average
subgroup).

Conclusions
Other authors note that, after long-term uneventful
CAPD, PET results show a tendency among H trans-
porters to experience a reduction in peritoneal trans-
port, and a tendency among L and LA transporters to

Changes in Peritoneal Transport

FIGURE 1 Proportional distribution of low (L), low-average (LA), high-average (HA), and high (H) transporters in the study groups.
D4/P2 = 4-hour dialysate to 2-hour plasma ratio of creatinine; 24mPET = group of patients undergoing a peritoneal equilibration test
(PET) at 24 months of treatment; PET1 = first PET in the 24mPET group; 1mPET = group of patients undergoing a PET at 1 month of
treatment; 6mPET = group of patients undergoing a PET at about 6 months of treatment. (Note the difference in low transporters between
24mPET and 6mPET, p = 0.013.)

FIGURE 2 Over time, a subgroup of average creatinine transporters [high-average (HA) and low-average (LA)] proportionately de-
creased, p = 0.499 by the McNemar chi-square test, where p > 3.841 is statistically significant. PET1 = first peritoneal equilibration test
(PET) in the 24mPET group; H = high transporters; L = low transporters; 24mPET = group of patients undergoing a PET at 24 months
of treatment.

PET1 24mPET
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demonstrate the opposite change. That observation
may explain why patients with extreme PET results
continue well on CAPD, and why patients who have
been dialyzed for a long time are usually HA trans-
porters (5,6). For that regression-to-mean phenom-
enon, Wong et al. (3) observed no significant change
in peritoneal transport even after 2 years.

In our study group, we observed a relevant con-
trary difference between an initial PET and a PET
taken at 24 months of CAPD (Figure 2), with the sub-
group of average creatinine transporters decreasing.
The L transporter group became the largest (47%),
where, at the beginning, HA transporters had domi-
nated (43%). The proportional distribution of trans-
port types, with the increased low creatinine transport
rate (Figure 1), differed significantly only between the
24mPET and 6mPET groups, and so we did not actu-
ally record a “centralization” of PET results.
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Peritoneal hyperpermeability has been associated with
increased levels of effluent vascular endothelial
growth factor (VEGF) and interleukin-6 (IL-6). Meso-
thelial cells can produce various vasoactive substances
besides VEGF. A large mesothelial mass may possi-
bly lead to high dialysate VEGF concentrations and
may partly explain some cases of peritoneal hyper-
permeability during a patient’s early months on peri-
toneal dialysis (PD). Early peritoneal fast transport
may therefore not necessarily be associated with sys-
temic inflammation.

To investigate the relationship of effluent markers
and peritoneal transport, we measured the appear-
ance rates of cancer antigen 125 (CA125), VEGF, and
IL-6 in 4-hour effluents from 69 peritoneal equilibra-
tion tests (PETs) using 3.86% glucose solution. At the
same time, we measured serum VEGF and IL-6. Our
analyses included an early group (EG), whose mem-
bers had been on PD for 4.6 ± 3.3 months, and a later
group (LG), whose members had been on PD for 30 ±
17 months.

In EG, dialysate-to-plasma creatinine at 4 hours
(D/PCr240) correlated significantly with effluent
CA125/min (r = 0.51, p = 0.006) and VEGF/min (r =
0.57, p = 0.001), but not with serum VEGF or IL-6.
The values of CA125/min and VEGF/min also corre-
lated (r = 0.40, p = 0.034). Fast transporters in EG
had higher effluent CA125 (p = 0.057) and VEGF (p =
0.0001), but not serum or effluent IL-6. In LG, D/PCr240
again correlated significantly with dialysate VEGF

(r = 0.51, p = 0.009), but not with CA125. Fast trans-
porters in LG tended to have higher levels of serum
and effluent IL-6 and effluent VEGF.

We conclude that fast solute transport rates at the
beginning of PD are associated with signs of a large
mesothelial cell mass and not consistently associated
with higher systemic IL-6. The VEGF produced by
mesothelial cells can mediate early peritoneal
hyperpermeability in some populations. Later, me-
sothelial mass is lost and is no longer related to in-
creased intraperitoneal VEGF or IL-6.

Key words
Peritoneal transport, mesothelial cells, vascular endo-
thelial growth factor, cancer antigen 125, interleukin-6

Introduction
Fast peritoneal solute transport rates at the beginning
of peritoneal dialysis (PD) have been linked to sys-
temic inflammation, with increased levels of plasma
cytokines such as interleukin-6 (1). Severe associated
comorbidity could explain the worse outcomes of these
patients (2). However, baseline peritoneal hyper-
permeability is not always associated with inflamma-
tion, and the dialysis population probably includes a
heterogeneous group of patients (3,4). In some pa-
tients, a baseline profile of fast solute transport changes
to an average category. In fact, longitudinal studies
have often documented a centripetal progression in
dialysate-to-plasma (D/P) creatinine (5,6).

Because mesothelial cells are able to constitutively
produce vascular endothelial growth factor [VEGF
(7)], a potent vasodilator and angiogenic factor, a larger
mesothelial mass could therefore be assumed to pro-
mote higher levels of intraperitoneal VEGF. Those

Evaluation of Effluent
Markers Cancer Antigen 125,
Vascular Endothelial Growth
Factor, and Interleukin-6:
Relationship with Peritoneal
Transport

Anabela Rodrigues,1 Margarida Martins,2 Mario J. Santos,2
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Castro e Melo,2 Raymond T. Krediet3
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9

levels may induce recruitment of previously non-
perfused capillaries, causing a functional increase in
the effective capillary surface during the early months
of PD. With longer time on PD, a reduction in me-
sothelial mass is observed (8); however, this reduc-
tion is paralleled by an anatomic increase in peritoneal
vascular surface area (9). Cumulative exposition to
glucose degradation products stimulates VEGF
production not only by mesothelial cells, but also by
capillary endothelial cells (10,11). Increased intraperi-
toneal levels of interleukins and growth factors might
suggest ongoing chronic inflammation due to
glucotoxicity (12).

The aim of the present study was therefore both to
investigate the relationship between peritoneal solute
transport and markers of inflammation (systemic and
intraperitoneal IL-6) and to evaluate whether mesothe-
lial mass and effluent VEGF are related to peritoneal
hyperpermeability in the initial phase and the later
stages of PD.

Patients and methods
We analyzed 69 peritoneal equilibration tests (PETs)
performed in 58 patients with 3.86% or 4.25% PD
solution. The average age of the patients was 50 years
(range: 23 – 81 years). Median duration of PD was
13 months (range: 0.2 – 80 months). All patients were
treated with commercially available glucose-based
solutions.

We measured the appearance rates of interleukin-6
(IL-6), cancer antigen 125 (CA125), and VEGF in
the effluent at 240 minutes of the PET. To measure
VEGF in effluent and serum, we used a commercially
available enzyme-linked immunosorbent assay
[Quantikine (human VEGF): R&D Systems, Minne-
apolis, MN, U.S.A.] as previously described (13). To
measure IL-6 in effluent and serum, we used a com-
mercially available immunoenzymometric assay
(Easia: Biosource Europe SA, Nivelles, Belgium). To
measure CA125, we used an electrochemilumines-
cence method with a automated analyzer (Elecsys
2010: Boehringer Mannheim, Indianapolis, IN,
U.S.A.).

The relationship between peritoneal transport and
effluent markers was studied in two groups: an early
group (EG) whose members had been on PD for a
period ≤12 months (n = 32), and a later group (LG)
whose members had been on PD for >12 months
(n = 37).

Statistical analysis
We applied the Kolmogorov–Smirnov test for a nor-
mal distribution. Serum IL-6 and VEGF showed a non
normal distribution, and logarithmic transformation
was therefore performed before analysis. Variables with
normal distribution are expressed as mean ± standard
deviation, and asymmetrically distributed data are re-
ported as medians and interquartile ranges. The Pearson
correlation test was used to determine correlations be-
tween variables. The Mann–Whitney test was used to
compare groups. Values of p < 0.05 were used to de-
fine statistical significance, and all statistical analyses
were performed using the SPSS software program,
version 11.5 (SPSS Inc., Chicago, IL, U.S.A.).

Results
The appearance rate of CA125 decreased with time
on PD (r = –0.30, p = 0.012), as shown in Figure 1.
No trend related to the duration of PD was observed
for any of the other parameters investigated. Table I
shows the results of the PET and the CA125, VEGF,
and IL-6 analyses.

Further analysis of values for EG patients showed
that D/P creatinine was correlated with the appear-
ance rate of VEGF (r = 0.57, p = 0.001) and of CA125
(r = 0.51, p = 0.006; Figure 2). A correlation was also
present between the appearance rate of CA125 and
that of VEGF (r = 0.40, p = 0.034). No relationships
were found between D/P creatinine, serum VEGF, the
appearance rate of IL-6, and serum IL-6.

Rodrigues et al.

FIGURE 1 Relationship between the appearance rate of cancer
antigen (CA125) and the duration of peritoneal dialysis (p = 0.012).
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A comparison between EG fast transporters (D/P
creatinine > 0.81) and other transport categories
showed a tendency to higher CA125 values in the fast
transporters and significantly higher VEGF appear-
ance rates (Table II).

In the LG patients, D/P creatinine correlated only
with the appearance rate of VEGF (r = 0.38, p =
0.021). A correlation between the appearance rates of
CA125 and VEGF was not found in LG patients. Fast
transport patients in LG showed a tendency to higher
serum IL-6 concentrations (p = 0.117). The difference
in the appearance rate of VEGF was of borderline sig-
nificance (p = 0.058, Table II).

Discussion
The present study shows that relationships between
peritoneal transport status and effluent and serum
markers of inflammation and angiogenesis depend on
the duration of PD. In the first year of PD, fast trans-
porters were especially characterized by increased
CA125 and VEGF appearance rates, but not by high
serum or dialysate levels of IL-6. That result contrasts
with the results obtained by Stenvinkel et al. (1), but
accords with a recent study of nondiabetic PD patients
investigated during the first 6 months of dialysis (14).

CA125, VEGF, IL-6: Relationship with Peritoneal Transport

TABLE I Demographics of the patients in the early peritoneal
dialysis group (n=32) and the later group (n=37), and their perito-
neal transport characteristics, their dialysate appearance rates of
cancer antigen 125 (CA125), vascular endothelial growth factor
(VEGF), and interleukin-6 (IL-6), and their serum concentrations
of VEGF and IL-6

Groups a

Early Later

Male/female (n) 12 / 20 17 / 20
Diabetic/nondiabetic (n) 7 / 25 10 / 27
Age (years) 49±15 51±16
Follow-up (months) 4.6±3.3 30±17
D/P creatinine 0.75±0.13 0.72±0.11
Ultrafiltration (mL/4 h) 803±229 817±286
Dialysate appearance rate (mean±SD)

CA125 (U/min) 185±133 137±90
VEGF (pg/min) 260±106 255±196
IL-6 (pg/min) 690±520 1013±775

Serum concentration [median (interquartile range)]
VEGF (pg/mL) 336 (218–558) 326 (230–483)
IL-6 (pg/mL) 6.3 (3.8–13.1) 15.7 (10.7–25.7)

a No parameter was significantly different between the two groups,
except for duration of follow-up.
D/P = dialysate-to-plasma concentration ratio; SD = standard
deviation.

FIGURE 2 Correlations in the early-group patients between the
dialysate-to-plasma concentration ratio (D/P) of creatinine and the
appearance rate of cancer antigen 125 (CA125; p = 0.006), be-
tween D/P creatinine and the appearance rate of vascular endothe-
lial growth factor (VEGF; p = 0.001), and between the appearance
rates of VEGF and CA125 (p = 0.034).
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The discrepancy underlines the need to interpret ini-
tial fast transporters as a heterogeneous population,
not always inflamed and prone to a poor prognosis.

Our results suggest that the VEGF produced by
mesothelial cells—such production having been es-
tablished in vitro (7)—may be involved in the initial
fast transport status. Our hypothesis is supported by
the correlation between D/P creatinine and the appear-
ance rate of VEGF, which has been reported previ-
ously (13), and by the correlations between CA125
and VEGF and between D/P creatinine and CA125.

The relationship between CA125 and peritoneal
transport rates disappears during long-term PD (15),
probably because mesothelial cell mass declines (16).
Yet, solute hyperpermeability is still associated with
higher dialysate appearance rates of VEGF in long-
term PD patients (12), which suggests a non mesothe-
lial site of production. In our longer-duration PD
patients with fast transport status, we found some evi-
dence of higher IL-6 levels, which suggests a role for
ongoing intraperitoneal inflammation.

Conclusion
The presence of fast peritoneal transport status in the
early stage of PD is often associated with high ap-
pearance rates of CA125 and VEGF, suggesting an
indirect effect of mesothelial cell mass on solute trans-
port rates—partly mediated by VEGF. In the later
stages of PD, peritoneal angiogenesis and chronic in-
flammation are likely to be involved in peritoneal sol-
ute transport.
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Peritoneal transport rates and net drained volume are
reported to be different for peritoneal dialysis (PD) pa-
tients with diabetes mellitus (DM) as compared with
patients without DM. The difference has been consid-
ered to be caused by exposure to high plasma glucose
levels before PD initiation. However, the results of pre-
vious studies conflict. Transport of small solutes has been
reported to be either higher than or similar to that seen
in patients without DM, and ultrafiltration to be either
similar or lower. No information on free water trans-
port is available. The main problem in earlier reports is
the wide variation in duration of PD, which may have
influenced the outcomes. In the present study, we com-
pared the results of peritoneal function tests in 10 pa-
tients with DM to results in 10 patients without DM. All
patients were investigated within the first 4 months of
PD treatment.

No differences were observed in transcapillary ul-
trafiltration rate, net ultrafiltration, or lymphatic ab-
sorption. Free water transport, estimated using the
maximum dip in the dialysate-to-plasma ratio of sodium
and quantified by calculating the transport through the
ultrasmall pores, showed no differences. Small-solute
transport was also similar. These findings imply that a
mild chronic hyperglycemic state in the peritoneal ves-
sels does not contribute to important peritoneal changes
or to changes in aquaporin-1 function. The influence of
continuous treatment with hyperosmolar glucose solu-
tions on the latter is worth investigating.

Key words
Free water transport, peritoneal solute transport, dia-
betes, aquaporin-1

Introduction
Reported studies on the peritoneal transport charac-
teristics of patients with diabetes mellitus (DM) treated
with peritoneal dialysis (PD) have shown inconsis-
tent results. In some studies, clearances for urea and
creatinine were described as higher in DM patients
than in non DM patients (1–3). In other studies, how-
ever, no difference in peritoneal solute transport was
found between patients with and without DM who
were matched for sex, age, and duration of PD (4).
Drained volumes were either lower in DM patients
(2) or showed no difference (5).

These conflicting results in cross-sectional stud-
ies were likely to have been partly caused by wide
variation in the duration of exposure to glucose-con-
taining dialysis fluids. Previous studies of the influ-
ence of PD duration on transport parameters showed
that solute transfer increases and ultrafiltration (UF)
declines with time on peritoneal dialysis (6–8). These
effects are probably caused by long-term exposure to
dialysis fluids, which is known to alter peritoneal
morphology.

To avoid the possible diabetogenic effect of expo-
sure to PD fluids, Serlie et al. investigated a group of
patients within the first 6 months of PD treatment,
administering a permeability test with 1.36% glucose
solution. A lower transcapillary ultrafiltration rate
(TCUFR) was present in diabetic patients than in
matched controls (9). In that study, no differences in
small-solute transport or effective lymphatic absorp-
tion were observed. Those findings raise the question
of whether the lower TCUFR could have been the re-
sult of lower free water transport rates. In the present
study, we therefore compared free water transport and
other transport characteristics in DM and non DM
patients at the onset of peritoneal dialysis. The study
was conducted using a 3.86% glucose solution.
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Patients and methods

Patients
We compared 10 patients with DM, in whom a stan-
dard peritoneal permeability analysis (SPA) was per-
formed in the first 4 months of their PD treatment,
with 10 non DM patients matched for age, sex, and
body surface area. None of the patients had ever ex-
perienced peritonitis. All of the patients used com-
mercially available, glucose-based dialysis solutions
(Dianeal: Baxter BV, Utrecht, Netherlands).

Procedure
The SPA was performed during a 4-hour dwell pe-
riod, as previously described (10). The test used 3.86%
glucose at the volume the patient was accustomed to
receiving. Dialysate samples were taken before instil-
lation and at multiple time points during the test (10,
20, 30, 60, 120, 180, and 240 minutes). A volume
marker, dextran 70 (Hyskon, Medisan Pharmaceuti-
cals AB, Uppsala, Sweden), 1 g/L, was used to deter-
mine fluid kinetics.

Calculations
All calculations were performed as previously de-
scribed by Pannekeet et al. (10).

Fluid kinetics
The dilution of the volume marker was used to calcu-
late transcapillary ultrafiltration (TCUF) by subtract-
ing the initial intraperitoneal volume (IPV) from the
theoretical IPV (when both lymphatic absorption and
sampling would not have been present) at any time
point. Because transcapillary ultrafiltration is at its
maximum value during the initial phase of a dwell,
we calculated the transcapillary ultrafiltration rate in
the first minute (TCUF0–1) using a Lineweaver–Burke
plot, which is the linear regression between the recip-
rocal values of the transcapillary ultrafiltration ob-
tained during the SPA and the reciprocal of time (11).
We calculated the effective lymphatic absorption rate
(ELAR) as the peritoneal dextran clearance (11), and
the net UF as the difference between the TCUF and
the effective lymphatic absorption. We calculated di-
alysate-to-plasma (D/P) sodium as the dialysate so-
dium concentration divided by the plasma sodium
concentration. Dip D/P sodium is the difference be-
tween the initial D/P sodium and the lowest D/P so-
dium. Correction for Na+ diffusion from the circulation

to the dialysate, which can cause blunting of the de-
crease in D/P Na+, was performed using the mass
transfer area coefficient (MTAC) of urate (12). That
approach enabled us to calculate the sodium concen-
tration in the dialysate when only diffusion would have
occurred. The result could than be subtracted from
the measured concentration at any time point, yield-
ing the actual Na+ sieving. Transport through the small
pores was calculated by multiplying the sum of the
initial intraperitoneal volume and the ultrafiltrate vol-
ume (in liters) by the dialysate sodium concentration
after correction for diffusion:

Na present = ( initial IPV + ultrafiltrate volume ) 

× dialysate Na [1]

Equation 1 can be calculated for time point 0 (t0)
and for any time point during the dwell (tt). Subtract-
ing t0 from tt yields the amount of sodium transported
at any time point during the dwell.

Dividing the transported sodium by the sodium
concentration in the small pores (which is the average
of the concentrations in the plasma and in the dialy-
sate) yields the volume (in liters) of fluid transported
through the small pores:

fluid transport through small pores 

= Na transported / Na concentration in the
small pores [2]

Given the calculation of transcapillary ultrafiltra-
tion through the small pores for each time point dur-
ing a SPA, a Lineweaver–Burke plot can be used to
calculate small-pore transport in the first minute
(SP0–1) of the dwell. Subtracting the result from
TCUF0–1 yields the free water transport in the first
minute.

We examined the contribution of free water trans-
port to total transcapillary ultrafiltration during the
first minute and after 60 minutes of a 3.86% glucose
dwell (13).

Solute transport
The peritoneal handling of low molecular weight sol-
utes is expressed as MTACs. Glucose absorption is
calculated as the difference between the amount of
glucose instilled and the amount recovered. We mea-

Smit et al.
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sured C-reactive protein (CRP) by an immunoturbi-
dimetric method.

Statistical analysis
Results are expressed as medians and ranges, because
most data were distributed asymmetrically. We applied
the paired t-test to compare patients with and without
DM. We considered a p value less than 0.05 statisti-
cally significant.

Results
Table I lists the characteristics of the 20 patients in-
cluded in the study. No significant differences were
observed between the two patient groups. In patients
with DM, the hemoglobin A1c (HbA1c) percentage
was 7.4% (range: 5.7% – 10.2%).

Table II shows the calculated parameters for fluid
transport. Values for transcapillary ultrafiltration, net
UF, and ELAR were similar in both groups, as Fig-
ure 1 shows. The maximum dip in D/P sodium tended
to be deeper in the non DM patients than in the DM
patients (Figure 2), but the difference was not statisti-
cally significant (p = 0.1). The TCUF0–1, transport
through the small pores (SP0–1), and free water trans-
port in the first minute (FWT0–1) did not differ be-
tween the two groups. Also, the percentage of free
water transport contributing to total fluid transport in
the first hour of the dwell was similar for both groups.

Small-solute transport was similar for both groups.
The MTAC for creatinine was 8.8 mL/min (range:
5.6 – 16.0 mL/min) in the DM patients as compared
with 8.1 mL/min (range: 5.8 – 15.2 mL/min) in the
non DM patients. The MTAC of urate was 5.6 mL/min
in the DM patients (range: 2.1 – 9.4 mL/min) as com-
pared with 7.1 mL/min (range: 4.1 – 13.4 mL/min) in
the non DM patients. Moreover, glucose absorption
was not different in the two groups: 62% (range: 45% –
78%) in DM patients as compared with 65% (range:
45% – 82%) in the non DM patients. Serum CRP level

Free Water Transport in Patients Starting with PD

TABLE I Characteristics [median (range)] of patients with and without diabetes

With diabetes (n=10) Without diabetes (n=10)

Age (years) 61 (46–75) 62 (47–74)
Duration of PD (months) 2.8 (1.2–3.5) 3.2 (2.5–3.9)
Body surface area (m2) 1.93 (1.59–2.22) 1.91 (1.64–2.26)
Residual GFR (mL/min/1.73 m2) 4.3 (0–7.8) 3.3 (0–7.0)
Serum CRP (U/L) 4 (3–49) 5 (3–11)

PD = peritoneal dialysis; GFR = glomerular filtration rate; CRP = C-reactive protein.

TABLE II Peritoneal fluid transport characteristics [median
(range)] for patients with and without diabetes, tested using 3.86%
glucose solution

With diabetes Without diabetes
(n=10) (n=10)

Net UF (mL) 685 (380 to 944) 665 (288 to 1169)
TCUFR (mL/min) 3.7 (2.9–5.9) 4.6 (2.5–6.8)
ELAR (mL/min) 1.5 (0.7–2.8) 1.4 (0.6–4.3)
Max dip D/P Na+ 0.0928 (0.06–0.13) 0.112 (0.06–0.18)
TCUF0–1 (mL) 16.1 (7.8–45.4) 17.6 (6.3–56.8)
SP0–1 (mL) 9.0 (5.0–33.3) 9.5 (3.4–28.0)
FWT0–1 (mL) 7.3 (1.5–16.8) 7.2 (2.5–12.1)
%FWT0–1 43 (25–57) 41 (21–59)
%FWT60 33 (15–44) 34 (10–49)

TCUFR = transcapillary ultrafiltration rate; ELAR = effective lym-
phatic absorption rate; Max dip D/P Na+ = maximum decrease in
dialysate-to-plasma (D/P) concentration ratio of sodium as com-
pared with initial D/P sodium; TCUF0–1 = TCUF in the first minute;
SP0–1 = volume transported through the small pores; FWT0–1= vol-
ume of free water transport in the first minute; %FWT0–1 = per-
centage of free water transport contributing to total TCUF in the
first minute; %FWT60 = percentage of free water transport con-
tributing to total TCUF in the first hour of the dwell.

FIGURE 1 Fluid profiles for the patients with (left panel) and with-
out (right panel) diabetes mellitus at the start of peritoneal dialysis.
Transcapillary ultrafiltration (closed circles), net ultrafiltration (open
circles), and fluid absorption (closed squares) are shown as a func-
tion of time. No significant differences were found between the
curves.
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was also similar in both groups: DM, 4 U/L (range:
3 – 49 U/L); non DM, 5 U/L (range: 3 – 11 U/L).

Discussion
The present study detected no differences in net UF,
fluid absorption rates, free water transport, and peri-
toneal solute transport in patients with or without DM
when they were examined in the first 4 months of
PD treatment. Those findings contrast with the re-
sults of prior publications, which reported higher sol-
ute rates in patients with DM. However, the previous
studies were performed in a cross-section of patients
who had been treated with PD for varying durations
of time and who had therefore been exposed to high
intraperitoneal glucose concentrations for variable
periods.

In experiments with rats with streptozotocin-
induced diabetes, chronic hyperglycemia was asso-
ciated with structural and functional changes in the
peritoneum (14). The structural changes observed
included capillary proliferation and advanced glyco-
sylation end-product (AGE) immunoreactivity. Func-
tional changes consisted of increased permeability for
small solutes and decreased sodium sieving. How-
ever, when glycemic control was achieved by admin-
istering insulin, the diabetic rats showed no
differences as compared with the nondiabetic con-
trol rats. The results of this animal study imply that
acute, chemically-induced DM can lead to increased

permeability for molecules of various sizes, especially
in the absence of glycemic control.

The differences between the permeability param-
eters in rats with experimentally induced DM and those
in patients with DM in the present study can be ex-
plained in several ways. First, in the animal studies,
the rats were either diabetic or uremic. In patients, a
combination of both conditions could be present at the
start of PD. The contribution of uremia to transport
and membrane alterations in diabetes is probably more
important than the contribution of hyperglycemia alone
(15). Second, the duration of diabetes and uremia in
the animal studies was rather short. The patients in our
study were diagnosed with diabetes at least 5 years
before the start of PD and were uremic for a longer
period of time. Reasonably, the longer the duration of
the causative factor, the more pronounced the alter-
ations. Because hyperglycemia and uremia can both
lead to the formation of AGEs, alterations owing to
AGE formation were likely already present in both of
our patient groups. Finally, the blood sugar control in
the diabetic rats was poor, and the differences in trans-
port parameters disappeared in the subgroup treated
with insulin. Those factors point to the importance of
good glycemic control. Our patients all received insu-
lin therapy and had reasonably low HbA1c levels, in-
dicating accurate treatment of diabetes.

Other factors that contribute to possible differences
in transport parameters in the first months of PD are
chronic inflammation and peritonitis. Inflammation
can cause both an increase in peritoneal transport rate
and a decline in residual renal function. Inversely, a
decline in residual renal function or an increase in
peritoneal transport rate can induce or aggravate in-
flammation (16). In our study patients, no differences
in residual renal function or in CRP as marker of in-
flammation were identified. Peritonitis is known to
cause enhanced solute transport (although the in-
creased transport is reversible after recovery from
peritonitis). In our groups, none of the patients had
ever experienced peritonitis.

Conclusion
The present study in diabetic and nondiabetic patients
in their first months of PD revealed no differences in
peritoneal transport characteristics, including free
water transport. Our findings imply that a mild chronic
hyperglycemic state in the peritoneal vessels does not
contribute to important peritoneal alterations or to

FIGURE 2 Dialysate-to-plasma (D/P) ratios during a 4-hour dwell
for patients with (open circles) and without (closed circles) diabe-
tes mellitus at the start of peritoneal dialysis. No significant differ-
ences were observed.
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changes in aquaporin-1 function. The influence of
continuous treatment with glucose-containing dialy-
sis solutions, which have concentrations up to more
than 10 times those observed in insulin-dependent
diabetes mellitus, is worthwhile investigating in long-
term follow-up.
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