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The contribution of free water transport and small pore
transport to the total fluid removal in peritoneal dialysis
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The contribution of free water transport and small pore trans-
port to the total fluid removal in peritoneal dialysis.

Background. Water transport in peritoneal dialysis (PD) pa-
tients is across the small pores and water channels, the latter
allowing free water transport. The objective of the study was
to investigate the contribution of each transport route on tran-
scapillary ultrafiltration (TCUF).

Methods. Standard peritoneal permeability analyses of 80
stable PD patients were analyzed. Twenty-nine patients were
followed longitudinally. Fluid transport through small pores
(SPT) was assessed by the amount of transported sodium.
Free water transport (FWT) was calculated by subtracting
SPT from TCUF. The contribution of FWT and SPT to
the TCUF and water transport rates at any time point was
computed.

Results. The ultrafiltered volume due to SPT increased gradu-
ally during the dwell, while FWT reached its maximum around
3 hours. The rate of FWT decreased continuously during the
dwell. SPT decreased during the initial 2 hours and remained
stable thereafter. At 60 minutes, the SPT (P < 0.05) and its con-
tribution (P < 0.05) were positively related to the MTACcreat.
The contribution of FWT after 1 hour, but not the absolute
amount, showed an inverse relationship. Peritoneal solute trans-
port parameters (P < 0.01) and the contribution of SPT (P =
0.08), but none of the other fluid parameters showed a U-
shape with the lowest values in the second year of PD (P <

0.01).
Conclusion. The dwell courses of water transport suggest that

the activity of water channels is dependent and limited by the
crystalloid osmotic pressure gradient, while other determinants
are important in SPT. The time-course of SPT paralleled that
of peritoneal solute transport parameters.

Fluid transport during peritoneal dialysis (PD) is in-
duced by a net filtration pressure gradient, which depends
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on the capillary hydrostatic pressure minus the intraperi-
toneal hydrostatic pressure, the colloid osmotic pressure
gradient caused by plasma proteins, and the crystalloid
osmotic pressure gradient created mainly by glucose in
the dialysis solution [1, 2]. The latter is known to be one
of the major determinants of water transport [3]. Water
is transported, according to the 3-pore model, primar-
ily across small pores (radius 40 to 50 Å) and ultrasmall
pores (radius <5 Å). A negligible amount is transferred
across the large pores [3, 4]. The anatomic equivalents of
the small pores are probably interendothelial clefts. The
transport of water through the small pores is coupled to
the transport of sodium. The ultrasmall pores, of which
the morphologic parallel has been identified as aquaporin
1 in peritoneal capillaries and venules, are selective to
water [5–7]. The crystalloid osmosis-induced free water
transport across these pores is therefore associated with
complete sieving of sodium, with a reflection coefficient
of 1.0 [3].

It has been shown previously that the contribution of
free water transport to the total fluid removal decreases
during the dwell simultaneously with the dissipation of
the osmotic gradient, caused by dilution and absorption
of the osmotic agent [3, 8]. Using a 3.86% glucose solu-
tion, Smit et al found that the free water transport com-
prises approximately 48% of the total fluid flow in the first
minute of the exchange, whereas after the first hour this
drops to 35% [8]. The possible changes in the quantity of
water transported through the small and ultrasmall pores
during 4-hour exchanges and during the time course of
PD treatment are unknown.

In the present study we investigated the contribution
of free water transport and small pore water transport on
the total transcapillary ultrafiltration during 4-hour dwell
periods and their relation to other transport parameters.
In a subgroup of patients in whom 3 peritoneal perme-
ability tests were available the contribution of each path
on the total water transport over the time on peritoneal
dialysis was analyzed.
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METHODS

Eighty standard peritoneal permeability analyses
(SPA) were studied in stable PD patients (61% female).
The median age was 57 years (range 21–79). The median
duration of PD was 15 months (range 1–73); 8% of the
patients were on PD for more than 3 years. The SPA was
carried out under standardized circumstances.

A subgroup of 29 patients in whom 3 tests were avail-
able was analyzed longitudinally. These patients under-
went the first test within 6 months after the start of dialysis
and thereafter once yearly. The first SPA was performed
at 4 (1–6) months after the start of PD. The second SPA
was done after 16 (12–19) months, and the third one after
28 (24–50) months. At the third test the last available SPA
was taken.

The patients were peritonitis free at and during the
4 weeks preceding the test. All patients used commer-
cially available glucose based dialysate (Dianeal�, Phys-
ioneal�, Baxter Healthcare, Ltd., IRL, Dublin, Ireland),
47 of them used 7.5% icodextrin (Extraneal�, Baxter
Healthcare Ltd., IRL) for the long dwell. One patient had
1 dwell with an amino-acid based solution (Nutrineal�,
Baxter Healthcare Ltd., IRL).

Procedure

The SPAs were performed during 4-hour dwell pe-
riods, as described previously [9, 10]. Briefly, after a
rinsing procedure a fresh 3.86% glucose based dialysis
solution (Dianeal�, Baxter Healthcare Ltd., IRL) was
instilled for a test dwell. Dextran 70 (Hyskon�, Phar-
macia AB, Emmer-Compascuum, Sweden, or Macrodex,
NPBI, Emmer-Compascuum, The Netherlands), 1 g/L
was added to calculate peritoneal fluid kinetics [11, 12].
The dialysate samples were taken before and at 10, 20,
30, 60, 120, 180, and 240 minutes after inflow of the test
solution. Blood samples were taken at the beginning and
at the end of the test. To prevent possible anaphylaxis
to dextran 70, 20 mL of dextran 1 (Promiten�, Gynotec,
Malden, The Netherlands) was injected intravenously be-
fore instillation of the test solution [13].

Measurements

The total dextran concentration in the dialysate was
determined by high-performance liquid chromatogra-
phy [14]. Creatinine and urate in plasma and efflu-
ent were measured by means of enzymatic methods
(Hitachi, Boehringer Mannheim, Mannheim, Germany).
All electrolytes were measured using ion selective elec-
trodes. The glucose concentration was determined by the
glucose oxidase-peroxidase assay (SMA II; Technicon,
Terrytown, NJ, USA).

Calculations

Peritoneal solute and fluid transport parameters were
calculated as described previously [9, 10]. Mass trans-
fer area coefficients of low-molecular-weights solutes
(MTAC) were calculated according to the Waniewski
model [10, 15]. Solute concentrations are expressed as
the solute concentration per volume of plasma water
[16]. The osmotic pressure gradient across the peritoneal
membrane at 240 minutes was calculated as the differ-
ence between the crystalloid osmotic pressure gradient
and an estimation of the plasma colloid osmotic pres-
sure. The former was calculated from glucose and urea
concentrations in plasma and dialysate, assuming a small
solute reflection coefficient of 0.03 [17]. The plasma col-
loid osmotic pressure was assessed according to Ho-dac-
Pannekeet et al [18] using plasma albumin concentration
in every patient.

The changes in the in situ intraperitoneal volume arise
from transcapillary ultra- and backfiltration and lym-
phatic absorption. The changes in the in situ intraperi-
toneal volume during the dwell were calculated by means
of dextran dilution after correction for incomplete re-
covery [11, 19, 20]. Net ultrafiltration is the difference
between the in situ intraperitoneal volume and the ini-
tial intraperitoneal volume. For the measurement of ef-
fective lymphatic absorption (ELA) the disappearance
of dextran from the peritoneal cavity is used. It is cal-
culated as the convective loss of dextran during the
dwell and expressed as peritoneal dextran clearance [21].
With this methodology, all pathways of uptake into the
lymphatic system, both subdiaphragmatic and interstitial
are included. The term effective lymphatic absorption is
used because a clearance is applied to estimate a flow
rate. The transcapillary ultrafiltration (TCUF) during the
dwell was calculated by subtracting the initial in situ in-
traperitoneal volume from the theoretical intraperitoneal
volume at any time point when both effective lymphatic
absorption and the sampling were neglected [12, 19].

Because of the controversy in literature about peri-
toneal lymphatic absorption [22], additional calculations
of transcapillary ultrafiltration were made in which the
theoretical intraperitoneal volume per patient was cal-
culated as the sum of the in situ-intraperitoneal volume
in every time point and a lymphatic absorption rate of
0.3 mL/min. The latter was chosen because this is the
value used in the 3-pore model [3]. The transcapillary ul-
trafiltration rate (TCUFR) is calculated by dividing the
transcapillary filtrate by the dwell time [12].

For the calculation of water transport, a diffusion cor-
rection of sodium sieving was performed using the MTAC
of urate [23].

Free water transport was calculated by subtract-
ing transcapillary ultrafiltration coupled to Na+ trans-
port from the total ultrafiltration [8]. The time point
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10 minutes after completion of inflow was taken as the
start value. The total ultrafiltration at any time point of
the dwell was calculated by subtracting the theoretical in-
traperitoneal volume at 10 minutes from the theoretical
intraperitoneal volume at that moment.

Small pore transport was calculated by multiplying the
theoretical intraperitoneal volume at any time point dur-
ing the dwell by the dialysate sodium concentration cor-
rected for diffusion. By subtracting the amount of sodium
at 10 minutes from the amount at every point, the quantity
of sodium transported within each period of the dwell was
calculated. The fluid transport through the small pores at
every time point was computed by dividing the amount
of transported sodium with the sodium concentration in
the small pores, that is, the average of the plasma and the
dialysate sodium concentration.

At each moment, the fluid transport through the small
pores was then subtracted from the total ultrafiltered fluid
volume, resulting in free water transport within every an-
alyzed period of the dwell. The free water transport and
the small pore fluid transport are expressed as absolute
values and as their contribution to the total ultrafiltration.

The fluid volume transported in any time interval di-
vided by the number of minutes in this time period re-
sulted in the rate of fluid transport at any time point.

Statistical analyses

Due to asymmetric distribution, results are expressed
as medians and ranges. Spearman correlation coefficient
was used for the correlations between fluid transport and
MTACcreat. The Kruskal-Wallis and Mann-Whitney test
were applied to compare differences between the differ-
ent time points during the SPA and between the SPAs in
the longitudinal study. The linear mixed model procedure
was used to test whether a general model for a time course
of the fluid kinetics exists. This analysis examines the av-
erage changes in subjects, taking the association between
variables into account in every individual, measured at
separate time points.

RESULTS

Parameters for solute and fluid transport at the end of
the dwell of all patients are listed in Table 1. The correla-
tions with MTACcreat are also given. Five of the patients
had a net ultrafiltration less than 400 mL after 4 hours.
The osmotic pressure gradient at the end of the dwell had
a median value of 2 mm Hg. It was negative in only 24
patients and positive in the other 56, so favoring the fluid
transport from the circulation toward the peritoneal cav-
ity, especially because a hydrostatic pressure gradient of 9
mm Hg is also present. MTACcreat was positively related
to glucose absorption and effective lymphatic absorption,
and negatively to net ultrafiltration. In Table 2 the fluid

Table 1. The characteristics of peritoneal fluid and solute transport at
the end of the dwell in 80 PD patients included in the cross-sectional

study

Correlation
coefficient

with MTACcreat
Median Range mL/min

MTACcreat mL/min 9.1 1.9–30.4
GA % 64 44–89 0.70c

Crystalloid OPG mm Hg 21 1–50 −0.24a

Colloid OPG mm Hg 18 15–27 −0.26a

ELA mL 308 53–781 0.29b

NUF mL 635 95–1305 −0.34c

Abbreviations are: MTACcreat, mass transfer area coefficient of creatinine;
GA, glucose absorption; ELA, effective lymphatic absorption; TCUF, transcap-
illary ultrafiltration; NUF, net ultrafiltration; OPG, osmotic pressure gradient.
The correlations between transport parameters and MTACcreat are also given.

aP ≤ 0.05; bP ≤ 0.01; cP ≤ 0.005.

Table 2. The characteristics of peritoneal water transport using the
changes in the theoretical intraperitoneal volume, calculated as the
sum of the in situ intraperitoneal volume and measured effective

lymphatic absorption (see Methods) at 60 and 240 minutes in the 80
patients of the cross-sectional study

Correlation
coefficient

with MTACcreat
Median Range mL/min

Analysis of fluid
transport at 60 minutes

TCUF0−60 mL 465 84–1339 0.14
SPT0−60 mL 273 50–1117 0.25a

FWT0−60 mL 180 48–375 −0.18
SPTC0−60% 60 13–87 0.42b

FWTC0−60% 40 13–87 −0.42b

Analysis of fluid
transport at 240 minutes

TCUF0−240 mL 978 377–1941 0.19
SPT0−240 mL 760 210–1732 0.07
FWT0−240 mL 222 23–514 −0.46b

SPTC0−240% 77 56–98 0.39b

FWTC0−240% 23 2–44 −0.39b

Abbreviations are: TCUF0−60, TCUF0−240, transcapillary ultrafiltration within
the first hour and after 4 hours; SPT0−60, SPT0−240, small pore fluid transport
within the first hour and after 4 hours; FWT0−60, FWT0−240, free water transport
within the first hour and after 4 hours; SPTC0−60, SPTC0−240, contribution of
small pore transport to the total transcapillary ultrafiltration within the first hour
and after 4 hours; FWTC0−60, FWTC0−240, contribution of free water transport
to the total ultrafiltration in the first hour and after 4 hours; MTACcreat, mass
transfer area coefficient of creatinine.

aP ≤ 0.01; bP ≤ 0.005.

transport parameters within the first hour and at the end
of the dwell and their relation to MTACcreat are shown.
The same data of the additional analysis using a lymphatic
flow of 0.3 mL/min are given in Table 3.

Regardless of the calculation method, MTACcreat

showed a positive correlation with the amount of small
pore fluid transport at 60 minutes and its contribution
to total ultrafiltration. Likewise, the contribution of free
water transport showed a negative correlation with the
MTACcreat. A negative relationship between the amount
of free water transport and the MTACcreat was only
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Table 3. The characteristics of peritoneal water transport using the
changes in the theoretical intraperitoneal volume, calculated as the

sum of the in situ inraperitoneal volume and the lymphatic absorption
set at a lymphatic absorption rate of 0.3 mL/min (see Methods) at 60

and 240 minutes in the PD patients of the cross-sectional study

Correlation
coefficient

with MTACcreat
Median Range mL/min

Analysis of fluid
transport at 60 minutes

TCUF0−60 mL 390 96–1276 0.12
SPT0−60 mL 239 25–1033 0.27a

FWT0−60 mL 154 28–348 −0.31a

SPTC0−60% 62 18–92 0.47b

FWTC0−60% 38 8–82 −0.47b

Analysis of fluid
transport at 240 minutes

TCUF0−240 mL 645 412–3341 −0.30a

SPT0−240 mL 434 149–2982 0.09
FWT0−240 mL 208 9–744 −0.62b

SPTC0−240% 68 33–99 0.51b

FWTC0−240% 32 1–67 −0.51b

See Table 2 for abbreviations.
aP ≤ 0.01; bP ≤ 0.005.

found in the analysis with a lymphatic absorption rate of
0.3 mL/min.

At 240 minutes, small pore transport was not related
to the MTACcreat, but its contribution to total ultrafiltra-
tion showed a positive correlation. Conversely, negative
correlations were present in both models between the
amount of free water transport at 240 minutes and its
contribution to total ultrafiltration.

In the cross-sectional analysis no relationship was
present between the duration of PD and solute transport
parameters. Similarly, the transcapillary ultrafiltration
(r = −0.03) and total net ultrafiltration (r = −0.06) at
the end of the dwell were not related to the time on PD.
Furthermore, no correlation was found between the lat-
ter and fluid transport after 1 hour of the dwell. Similar
results were found in the analyses using a fixed lymphatic
absorption rate of 0.3 mL/min (data not shown).

The time courses of total transcapillary ultrafiltra-
tion, net ultrafiltration, and effective lymphatic absorp-
tion during the 4-hour dwell are shown in Figure 1. In
Figure 2, the curves of total transcapillary ultrafiltration,
of small pore fluid transport, and of free water transport
are depicted (upper panel). Their rates are also presented
(lower panel). Similar results were found in both analyses.
The ultrafiltered volume caused by free water transport
reached its maximum between 2 and 3 hours. Conversely,
the volume due to small pore transport showed a grad-
ual increase during the dwell. All water transport rates
decreased during the dwell. The most rapid decrease was
found for the free water transport rate. In contrast, the
small pore fluid transport rate remained stable during the
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Fig. 1. Fluid profiles of 80 patients included in the cross-sectional part
of the study. The total transcapillary ultrafiltration (closed triangles)
during the 4-hour dwell, net ultrafiltration (open squares), and effective
lymphatic absorption (closed squares).

last 2 hours of the dwell: the values at 120 and 180 minutes
were not significantly different from those at 240 minutes.

The peritoneal transport characteristics of the sub-
group followed longitudinally are given in Table 4. The
time courses of the transport characteristics are shown in
Figures 2 and 3. A significant decrease was found for the
MTACcreat between the first and second SPA (P = 0.01),
followed by a significant increase between the second and
third test (P = 0.04). The same trend was found for glu-
cose absorption (P = 0.03 and P = 0.02). The effective
lymphatic absorption decreased significantly between the
first and second SPA (P = 0.04), but not between the sec-
ond and third one. The contribution of free water trans-
port on the total fluid removal within first hour increased
significantly (P = 0.02) between the first and second mea-
surement. This was associated with a significant decrease
of the contribution of small pore transport at 60 minutes
(P = 0.04). No trend was present between the second
and third SPA for the contribution of free water trans-
port within the first hour and that of small pore transport
within the first hour. No differences were found for the
other parameters between the first and second test or
between the second and third one. In the linear mixed
model, only the time courses of MTACcreat (P < 0.01)
and glucose absorption (P = 0.04) were significant, in a
model in which an initial decrease is followed by a sub-
sequent increase. The model was not significant for the
other parameters, although a tendency (P = 0.08) was
found for the contribution of small pore fluid transport
within the first hour.

DISCUSSION

The small pores in the vascular wall and water chan-
nels are the major pathways of water transport during
peritoneal dialysis [3]. The present study has shown that
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Fig. 2. Peritoneal fluid kinetics for the pa-
tients of the cross-sectional study. In panels
(A) values obtained using the ELAR calcu-
lated in every patient are used, and in pan-
els (B) the values were calculated according
to 3-pore model using a lymphatic absorp-
tion rate of 0.3 mL/min. In the upper panels
the total transcapillary ultrafiltration during
the 4-hour dwell (open squares), the trans-
port through the small pores (closed squares),
and the free water transport (closed circles)
are shown. The lower panels demonstrate the
changes in the rate of the transcapillary ul-
trafiltration (open squares), of the small pore
transport (closed squares), and of the free wa-
ter transport (closed circles).

Table 4. Medians and ranges of peritoneal fluid and solute transport parameters of 29 PD patients in whom 3 SPAs were available

1.SPA 2.SPA 3.SPA

Duration of PD months 4 (1–7) 16 (12–19) 28 (24–50)
Solute and fluid transport parameters after 4 hours
MTACcreat mL/min 9.8 (4.8–17.5) 7.8 (1.9–13.6)a 10.2 (4.4–18.2)c

GA% 69 (45–76) 58 (45–80)b 67 (44–82)c

ELA mL 413 (38–1297) 260 (53–751)b 321 (133–669)
TCUF mL 1015 (638–1611) 1010 (577–1467) 907 (237–1811)
NUF mL 651 (300–1228) 670 (333–1287) 589 (95–1295)
Fluid transport at 60 minutes
TCUF0−60 mL 506 (287–1103) 468 (127–676) 432 (84–812)
SPT0−60 mL 301 (146–1006) 285 (61–494) 292 (50–515)
FWT0−60 mL 178 (94–281) 190 (64–464) 182 (56–427)
SPTC0−60% 65 (42–91) 58 (31–73)b 62 (35–81)
FWTC0−60% 35 (9–58) 42 (27–69)b 38 (19–65)

See Table 1 and 2 for abbreviations.
aP = 0.01 between the first and second test; bP = 0.05 between the first and second SPA; cP = 0.05 between the second and third test.

the contribution of free water transport after 60 minutes
averaged 40% of the total transcapillary ultrafiltration,
a value very similar to the one modeled by Rippe et al
[3]. The contribution of small pore fluid transport and
the absolute amount of it were strongly correlated with
peritoneal solute transport parameters.

Based on the 3 pores model [3, 24] 90% of the peri-
toneal ultrafiltration coefficient, which is the product of
hydraulic permeability (Lp) and peritoneal surface area
(S), is dependent on small pores. The water channels
contribute approximately 2% to it. Yet, because of the
low small pore reflection coefficient of glucose and its
high aquaporin reflection coefficient (1.0), 40% to 50%
of fluid removal during peritoneal dialysis, with a 3.86%
glucose-based dialysis solution, is through water chan-
nels. According to the 3-pore model the fractional free
water transport rate would remain constant during the
first few hours of the dwell [4].

Apart from the lower values of water transport param-
eters, any other significant discrepancies were not found
in the present study using 2 different approaches for cal-
culations of fluid kinetics. The disparity can be explained
by the magnitude of the lymphatic flow, which by defini-
tion influences the magnitude of the calculated transcap-
illary ultrafiltration at every time point.

High peritoneal small solute transport parameters
(MTACcreat,% glucose absorption) reflect the pres-
ence of a large vascular peritoneal surface area (ie, a
large number of perfused peritoneal vessels [2, 25], so
a large number of small pores and water channels). The
positive correlations between the MTACcreat and both
the absolute amount of small pore fluid transport and
its contribution to total transcapillary ultrafiltration sup-
port the contention that an important part of small pore
fluid transport is caused by nonosmotic pressure gradi-
ents. Yet, some decrease in the small-pore transcapillary
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Fig. 4. The time course of small pore trans-
port. The lines represent medians. The P value
indicates the significance of the time trend
in a mixed linear model. SPT0−60, the small
pore transport within the first hour (P = 0.24);
SPTC0−60, contribution of small pores trans-
port within the first hour on the total ultrafil-
tration (P = 0.08).

ultrafiltration rate (8.6 mL/min to 3.2 mL/min) was found
during the 4-hour dwell. This might have been caused by
both a small decrease in the hydrostatic pressure gra-
dient due to an increase in peritoneal volume and by
the decrease in the crystalloid osmotic pressure gradient.
Nevertheless, the overall osmotic pressure gradient, to-
gether with the hydrostatic pressure gradient at the end
of the dwell, were still in favor of fluid transport from the
circulation to the peritoneal cavity.

According to the computer simulations of the 3-pore
model, the decline of the small pore transport and that of
free water transport is parallel [4]. In contrast, our results
show that the small pore transport levels off in the second
half of the dwell, regardless of the methodology used. The

discrepancy might have been caused by the assumption in
the 3-pore model that the colloid osmotic gradient at the
end of the dwell exceeds the crystaloid osmotic gradient,
causing backfiltration. The positive value of the osmotic
pressure gradient at the end of the dwell as present in the
majority of patients in combination with a hydrostatic
gradient that is likely to average 9 mm Hg [2] is likely to
explain the absence of negative small pore fluid transport
during 4-hour exchanges using 3.86% glucose dialysate.

Free water transport is very much dependent on the
crystalloid osmotic pressure gradient. The inverse rela-
tionship between the MTACcreat and the contribution of
free water transport to total transcapillary ultrafiltration
can easily be explained: the presence of a large vascular
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surface area leads to a high glucose absorption rate and,
consequently, a rapid disappearance of the osmotic gradi-
ent. This observation underlines the importance of a crys-
talloid osmotic pressure gradient for free water transport.
We did not find a correlation between the MTACcreat and
the total amount of free water transport in 1 of the 2 anal-
yses and a negative correlation in the other, though not
very strong: the explained variance was 3% in 1 and 9.6%
in the other. This can be explained because free water
transport is likely to be dependent on 2 opposing mech-
anisms: a large vascular surface area means that many
water channels are available for free water transport, but
that their efficiency is decreased by the rapid disappear-
ance of the osmotic gradient. As expected, a marked de-
crease in the free water transport rate was found during
the 4-hour dwell: from a median value of 5.3 mL/min to
−0.8 mL/min in 1 of the 2 analyses and from 2.2 mL/min
to –0.3 mL/min in the other. The negative values after
4 hours are likely to be an artifact caused by a slight over-
estimation of sodium diffusion. The MTACurate is used to
predict the concentration gradient of sodium by diffusion
[23]. In this model the MTAC is assumed to remain con-
stant during the dwell, and a decrease in the ultrafiltration
rate is not taken into account. This might lead to some
overestimation of sodium diffusion resulting in lower val-
ues of calculated free water transport. Especially during
the last part of the dwell, this may lead to slightly negative
values for the free water transport rate [26].

The positive relationship between effective lymphatic
absorption and small solute transport parameters has al-
ready been reported previously [21, 27, 28]. This is also
the case for the inverse relationship between the mass
transfer area coefficient of creatinine and net ultrafiltra-
tion [17, 29].

Similar to the results of other cross-sectional studies
[30], no relationship was found between peritoneal trans-
port parameters and the duration of peritoneal dialysis.
This may be due to the small amount of patients with ul-
trafiltration failure [31] and the low number of patients
on long-term peritoneal dialysis. Only longitudinal stud-
ies with a long follow-up have demonstrated an increase
in peritoneal solute transport and a decrease in net ul-
trafiltration with the duration of peritoneal dialysis [32,
33].

The present longitudinal study showed a U-shaped
time course for peritoneal solute transport parameters
and a tendency to this for the contribution of small pore
fluid transport. We have reported similar results for peri-
toneal solute transport in another peritoneal dialysis pa-
tient population [34]. The observation that higher values
are often found in the first year of treatment compared to
the second year are also in accordance with the results of
Lo et al [35], showing a tendency for the dialysate/plasma
ratio of creatinine to decrease, especially in the ‘high’ and
‘high average’ transport groups. High initial values for

solute transport parameters are likely to be related to
the production of cytokines [36] and vascular endothe-
lial growth factor, probably by mesothelial cells [37, 38].
It is speculative whether the lower values after 12 to 19
months of treatment could be caused by a decreased ca-
pability of the mesothelium to produce vasoactive sub-
stances. The subsequent rise observed after more than 2
years of peritoneal dialysis is in accordance with the re-
sults of other longitudinal studies [32, 33], and may be due
to the development of peritoneal membrane alterations.

CONCLUSION

It can be concluded that the presence of a large vascular
surface area allows high rates of water transport through
the small pores. It also leads to a rapid loss of the osmotic
gradient, which then becomes insufficient for optimal ac-
tivity of the water channels. The fast decline in the veloc-
ity of the water transport across water channels indicates
that free water transport is much more dependent on the
osmotic gradient than the small pore water transport, in
which nonosmotic pressure gradients are also important
determinants. Furthermore, the effective vascular peri-
toneal surface area is temporarily increased in the initial
phase of peritoneal dialysis. The subsequent decrease is
followed by an increase in long-term PD patients, sug-
gesting peritoneal angiogenesis, a more permanent mor-
phologic alteration of the peritoneal surface area.
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