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AbSTRACT

Objective: An overrepresentation of a fast peritoneal transport status in new 
peritoneal dialysis (PD) patients with extensive comorbidity has been reported 
in some studies. High mass transfer area coefficients (MTACs) of low molecular 
weight solutes suggest the presence of a large effective peritoneal surface area. 
The mechanism is unknown. It might include comorbidity, chronic inflammation, 
or an effect of mesothelial cell mass on peritoneal transport by the production of 
vasoactive substances. To investigate their relative importance in early PD, peritoneal 
permeability characteristics in incident PD patients were analyzed for relationships 
with comorbidity, serum concentrations of inflammatory markers, and products of 
the mesothelial cells that can be detected in dialysate.
Design: A cross-sectional study.
Setting: A university hospital.
Methods: 46 patients who fulfilled the following inclusion criteria were analyzed: a 
standard peritoneal permeability analysis (SPA) within 6 months after the start of PD, 
no peritonitis prior to the SPA, older than 18 years, and without diabetes mellitus as 
a primary renal disease. The patients were divided into tertiles based on the MTAC 
creatinine: slow, medium, and fast transport groups. The Davies comorbidity score 
was used to assess comorbidity. Serum and dialysate samples obtained during the 
SPA were used to determine hyaluronan, interleukin (IL)-6, vascular endothelial 
growth factor (VEGF), and cancer antigen 125 (CA125). The dialysate concentrations 
of these substances were expressed as their dialysate appearance rates.
Results: No significant differences were present in the three transport groups for 
comorbidity, serum concentrations of inflammatory markers, or serum VEGF. 
Interleukin-6 and VEGF concentration attributed to local VEGF production were not 
different between the tertiles. Levels of VEGF were higher in the medium transport 
group compared to the slow transport group (p = 0.02); CA125 was higher in the 
fast transport group compared to the medium transport group (p = 0.01). When 
analyzed as continuous variables, MTAC creatinine was related to VEGF (r = 0.33, p 
< 0.05) and CA125 (r = 0.41, p = 0.03). In linear regression analysis, VEGF influenced 
the association between CA125 and MTAC creatinine; IL-6 weakened this association 
only marginally.
Conclusion: A fast peritoneal transport status in incident non-diabetic PD patients was 
not related to comorbidity. The relationships found between VEGF, CA125, and MTAC 
creatinine may suggest a role of VEGF in the regulation of the vascular peritoneal 
surface area, possibly already before structural abnormalities have developed. 
Our analyses are consistent with the hypothesis that mesothelial cell mass is an 
important determinant of the peritoneal transport status in incident non-diabetic 
PD patients without previous peritonitis. Of the many potential mediators produced 
by mesothelial cells, VEGF was more important than the inflammation marker IL-6.
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INTRODuCTION

The presence of a high or fast peritoneal transport status in new peritoneal dialysis 
(PD) patients is associated with decreased patient and technique survival (1–3). High 
dialysate-to-plasma (D/P) ratios and mass transfer area coefficients (MTACs) of low 
molecular weight (MW) solutes suggest the presence of a large effective peritoneal 
surface area (4), that is, a high number of perfused peritoneal capillaries. The 
following hypotheses have been developed in an attempt to explain the underlying 
mechanisms. First, some recent studies reported an overrepresentation of fast 
transport status in incident PD patients with extensive comorbidity (5,6). Also, a 
relationship between a low serum albumin before the start of PD and a high peritoneal 
solute transport rate has been described (7,8). These observations may explain the 
excess mortality in fast transporters but give no insight into the pathogenesis of the 
link between comorbidity and vascular surface area. It might be that comorbidity 
reflects a state of chronic inflammation, with consequent higher peritoneal transport 
rates (9,10). 
 An alternative hypothesis arises from our recent finding that dialysate cancer 
antigen 125 (CA125) has a relationship with peritoneal solute transport during the 
first 2 years of PD, but not thereafter (11). Dialysate CA125 can be considered to 
reflect peritoneal mesothelial cell mass or turnover (12,13). In vitro studies using 
cultured human peritoneal mesothelial cells have shown that these cells are able 
to produce various cytokines (14) and growth factors, including vascular endothelial 
growth factor (VEGF) (15). Some of these factors are vasoactive. For instance, VEGF 
interacts with endothelial nitric oxide synthesis in vasodilation (16,17). It might, 
therefore, be that new PD patients who happen to have a large mesothelial cell 
mass produce vasoactive substances that increase the effective peritoneal vascular 
surface area, leading to fast transport rates of low MW solutes. If so, relationships 
between peritoneal transport and dialysate concentrations of substances produced 
by mesothelial cells may be present directly from the start of PD.
 The aim of the present study was to relate initial peritoneal permeability 
characteristics in incident PD patients to comorbidity, to serum concentrations 
of inflammatory markers, and to potential products of mesothelial cells, such as 
hyaluronan, interleukin (IL)-6, VEGF, and CA125, in the dialysate.

PATIENTS AND METhODS

Patients

The analysis included 46 patients who fulfilled the following inclusion criteria: a 
standard peritoneal permeability analysis (SPA) within 6 months after the start of 
PD, no peritonitis between the start of dialysis and the SPA, older than 18 years, 
and without diabetes mellitus as a primary renal disease. Demographics and clinical 
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characteristics of the patients are given in Table 1. The serum and dialysate samples 
obtained during the SPA were stored at –20°C until analysis. 
 Primary kidney disease was classified according to the codes of the European 
Renal Association– European Dialysis and Transplantation Association. Furthermore, 
an analysis was performed based on the Davies comorbidity index (18). This index 
was retrospectively calculated for each patient, using the patient’s record. The 
Davies score is based on the presence or absence of seven comorbid conditions, 
leading to three risk groups: low, medium, or high risk. Age is not included in this 
index. Patients without comorbid conditions are classified as low risk; patients with 
one or two comorbid diseases are regarded as medium risk; and patients with three 
or more comorbid conditions are classified as high-risk patients. 
 For further analysis, the patients were divided into three equally sized groups 
based on MTAC creatinine: a slow transporter group, a medium transporter group, 
and a fast transporter group.

Table 1. Patients’ characteristics.

Patients 46
Age 62 (38–78) years
Sex 65% males
Body mass index 24.6 (18.3–34.0) kg/m2

Duration of peritoneal dialysis 3.6 (1.2–6.0) months
MTAC creatinine  10.0 (4.7–17.6) mL/min
Primary renal disease
     Glomerulonephritis 8
     Renovascular 9
     Other 29
Davies comorbidity score
     0 comorbidities 16
     1-2 comorbidities 22
     ≥ 3 comorbidities 8

MTAC = mass transfer area coefficient.
Values are presented as median (range) or as number of patients.

Study design

All SPAs were performed during a 4-hour dwell with Dianeal 1.36% or 3.86% glucose 
dialysate (Baxter Healthcare, Castlebar, Ireland), as previously described by our 
group (19,20). Additional serum and dialysate samples were obtained during each 
SPA. These samples were stored at –20°C until analysis.



Determinants of peritoneal solute transport rates in newly started non-diabetic PD patients

35

2

Assays

Creatinine was determined with an enzymatic method by automated analyzer 
(Hitachi 747; Roche Diagnostics, Mannheim, Germany). Albumin was measured 
by nephelometry (BN 100; Behring, Marburg, Germany). Serum C-reactive protein 
(CRP) concentrations were assessed by an immunoturbidimetric assay (Hitachi 
747) with a lower detection limit of 3 mg/L. Serum and dialysate hyaluronan were 
determined by radioimmunoassay (Pharmacia Diagnostics, Uppsala, Sweden) with 
a lower detection limit of 5 mg/L. Serum and dialysate IL-6 were determined using 
a commercially available enzyme-linked immunosorbent assay (ELISA; Biosource 
International, Camarillo, California, USA) with a lower detection limit of 3 ng/L. The 
intra- and interassay coefficients of variation were 5% and 8% respectively. Serum 
and dialysate VEGF (isoenzyme VEGF165) were measured using a commercial ELISA 
(human VEGF, Quantikine; R&D Systems, Minneapolis, Minnesota, USA), with a 
lower detection limit of 9 pg/mL. Microparticle enzyme immunoassay (MEIA) was 
used for the determination of dialysate CA125 (Abbott Laboratories, North Chicago, 
Illinois, USA) using a commercially available monoclonal antibody OC125 (Fujirebio 
Diagnostics, Malvern, Pennsylvania, USA) on an IMx automatic analyzer (Abbott). 
This assay has a lower detection limit of 0.4 U/mL.

Calculations

The MTAC of creatinine was determined according to the model of Waniewski et 
al. (21,22), in which solute concentration is expressed per volume of plasma water 
(22). A 24-hour urine collection was used to calculate residual glomerular filtration 
rate as the mean of urea and creatinine clearances. Peritoneal handling of the 
macromolecules β2-microglobulin, VEGF, albumin, IgG, and α2-macroglobulin 
is expressed as dialysate-to-serum ratio (D/S). A peritoneal transport line was 
calculated for all investigations performed in each patient, based on the least squares 
regression analysis of the D/S ratio of β2-microglobulin (MW 11.8 kDa), albumin (MW 
69 kDa), IgG (MW 150 kDa), and α2-macroglobulin (MW 820 kDa) and their MWs 
when plotted on a double logarithmic scale (23). The slope of this line represents the 
size selectivity of the peritoneal membrane as these proteins are transported from 
the circulation to the peritoneal cavity. The regression coefficients of the individual 
lines exceeded 0.88 (median r 0.97). By interpolation of the MW of VEGF (MW 34 
kDa) in the regression equation, the expected D/S ratio was calculated, assuming 
the dialysate concentration of VEGF would be determined only by diffusion from 
the circulation. The concentration of VEGF attributed to local peritoneal production 
(LP-VEGF) was defined as the difference between the measured and the expected 
dialysate concentrations. This calculation was performed only when the p value of the 
peritoneal transport line was < 0.05. Concentration of LP-VEGF could be calculated 
for 31 patients. The dialysate concentrations of the inflammatory mediators, VEGF 
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and CA125, are expressed as their dialysate appearance rates. These were calculated 
by multiplying concentration by drained volume and dividing by dwell time.

Statistics

The results are presented as median values and ranges as most of the data were 
not distributed normally. A Kruskal–Wallis test was performed to compare the 
continuous parameters of the three tertiles. When this test showed a significant 
difference among the groups, a Mann–Whitney test was used to investigate the 
differences. To analyze possible associations between categorical data, the chi-square 
test was applied. A Spearman correlation analysis was performed for the calculation 
of correlations. The relationship between MTAC creatinine and CA125 was further 
analyzed by linear regression analysis, adjusting for the potential confounding effects 
of age, gender, and acute-phase proteins. The potential confounders were included 
in the analyses separately as an independent variable next to CA125. Hyaluronan, 
IL-6, and VEGF were assumed to be potential mediators between the association 
of CA125 and MTAC creatinine, as all of them are produced by cultured mesothelial 
cells. If the association between CA125 and MTAC creatinine would be weakened 
when including one of the above mediators as the independent variable in the 
analysis, next to CA125, this could be an indication that the marker investigated is a 
mediator for the effect of mesothelial cell mass on peritoneal solute transport.

RESuLTS

The severity of comorbidity in the three transport groups, residual glomerular 
filtration rate, and serum concentrations of acute-phase proteins, inflammatory 
markers, and VEGF are given in Table 2. No differences were found for these 
parameters between the three groups. In addition, a possible effect of comorbidity 
was investigated by dividing the whole patient population into tertiles based on 
serum albumin. Also in this analysis, no difference in MTAC creatinine was found 
between the three groups (data not shown). Table 3 shows the dialysate appearance 
rates of hyaluronan, IL-6, VEGF, CA125, and LP-VEGF. No trend was observed among 
the three transport groups for the different substances. However, the three groups 
were different regarding hyaluronan, VEGF, and CA125. The medium transport group 
had the highest hyaluronan and the lowest CA125 levels; VEGF was significantly 
lower in the slow transport group compared to the medium transport group. 
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Table 2. The severity of comorbidity, residual GFR, and the serum concentrations of 
acute-phase proteins and inflammatory markers in three transport groups based on 
MTAC creatinine.

MTAC creatinine
<8.8 mL/min 8.8–11.3 mL/min >11.3 mL/min

Patients 16 15 15
Body mass index (kg/m²) 24.6 (19.7–31.6) 24.7 (20.8–34.0) 23.6 (18.3–30.1)
Davies comorbidity score 
(low/medium/high)

6/7/3 5/8/2 5/7/3

Residual GFR (mL/minute) 2.8 (0.0–9.2) 2.9 (0.0–6.6) 3.2 (0.0–18.6)
Serum albumin (g/L) 35.6 (21.7–42.6) 33.3 (19.0–45.4) 34.8 (20.1–41.2)
Plasma creatinine (μmol/L) 782 (273–1189) 681 (485–1245) 619 (443–1015)
Serum CRP (mg/L) 3.7 (2.9–25.2) 3.0 (2.9–81.2) 7.4 (2.9–19.0)
Serum hyaluronan (μg/L) 64 (19–257) 82 (0–466) 52 (10–227)
Serum interleukin-6 (pg/mL) 23.1 (2.2–107.1) 9.0 (1.4–122.9) 13.3 (2.8–146.2)
Serum VEGF (ng/L) 347 (53–1180) 356 (157–635) 141 (66–883)

GFR = glomerular filtration rate; MTAC = mass transfer area coefficient; CRP = C-reactive protein; 
VEGF = vascular endothelial growth factor.
Values are presented as median (range) or as number of patients. None of the differences was 
significant.

Table 3. Dialysate appearance rates of the inflammatory markers, VEGF, CA125, and 
LP-VEGF in three transport groups based on MTAC creatinine.

MTAC creatinine
<8.8 mL/min 8.8–11.3 mL/min >11.3 mL/min

Hyaluronan (μg/min) 0.40 (0.09–3.59) 0.76 (0.46–3.30)a 0.27 (0.08–2.44)
Interleukin-6 (pg/min) 622.2 (164.7–3497.2) 433.1 (128.5–1075.8) 715.1 (115.8–3627.7)
VEGF (ng/min) 0.18 (0.09–0.42)b 0.28 (0.15–0.71) 0.27 (0.03–0.51)
CA125 (U/min) 93.8 (33.1–264.9) 80.7 (27.5–166.6)c 123.7 (69.8–384.5)
LP–VEGF (ng/min) 0.10 (0.0–0.30) 0.21 (0.02–0.67) 0.11 (0.0–0.29)

VEGF = vascular endothelial growth factor; CA125 = cancer antigen 125; LP-VEGF = VEGF attributed 
to local peritoneal production; MTAC = mass transfer area coefficient.
Values are presented as median (range).
Kruskal–Wallis analysis showed significant differences among the groups only for hyaluronan              
(p < 0.05), VEGF (p = 0.057), and CA125 (p = 0.04). Further analysis with the Mann–Whitney test 
showed the following:
ap < 0.05 versus slow transport group and p = 0.03 versus fast transport group;
bp = 0.02 versus median transport group;
cp = 0.007 versus fast transport group.

When analyzing MTAC creatinine as a continuous variable, no significant correlations 
were found with the Davies risk score, acute-phase proteins, inflammatory markers, 
or serum VEGF. However, in contrast to the analysis given in Table 3, significant 
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correlation was found between VEGF and MTAC creatinine (r = 0.33, p < 0.05; Figure 
1a), and between CA125 and MTAC creatinine (r = 0.41, p = 0.03; Figure 1b). No 
significant relationship was found between LP-VEGF and MTAC creatinine (r = 0.07, p 
= 0.7). The relationship between CA125 and VEGF did not reach statistical significance 
(r = 0.33, p = 0.08; Figure 1c). This was also the case for the relationship between 
CA125 and LP-VEGF (data not shown).
 The linear regression analysis that was used to further analyze the relationship 
between MTAC creatinine and CA125 showed that the regression coefficient of CA125 
was 0.02 (p = 0.004), indicating that an increase of 1 U/minute CA125 is associated 
with a 0.02-mL/minute increase in MTAC creatinine. Age, gender, and serum 
concentrations of the acute-phase proteins did not influence this relationship. Of 
the possible mediators in the effluent, VEGF weakened the relation between CA125 
and MTAC creatinine. When VEGF was included in the linear regression analysis next 
to CA125 as an independent variable, the regression coefficient of CA125 became 
0.012 (p = 0.09). Interleukin-6 weakened the relation between CA125 and MTAC 
creatinine only marginally: the regression coefficient decreased to 0.016, p = 0.05. 
Data are shown in Table 4.
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Figure 1.  (A) The appearance rate of vascular endothelial growth factor (AR VEGF) 
was positively correlated with the mass transfer area coefficient (MTAC) of creatinine 
(r = 0.33, p < 0.05). When a patient with an extremely high AR VEGF (0.71 ng/min) 
was excluded from the graph, correlation and significance were not altered. 
(B) The appearance rate of cancer antigen 125 (AR CA125) showed a significant 
relationship with MTAC creatinine (r = 0.41, p = 0.03).
(C) The relationship between AR CA125 and AR VEGF did not reach statistical 
significance (r = 0.33, p = 0.08).
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Table 4. Effect of possible mediators such as hyaluronan, IL-6, and VEGF on the 
regression coefficient of the relationship between CA125 and MTAC creat.

Regression coefficient p value
CA125 0.02 0.004
CA125

Hyaluronan
0.019

–0.009
0.005

0.2
CA125

IL-6
0.016
0.001

0.05
0.6

CA125
VEGF

0.012
12.3

0.09
0.03

IL-6 = interleukin-6; VEGF = vascular endothelial growth factor; CA125 = cancer antigen 125; MTAC 
creat = mass transfer area coefficient for creatinine. Linear regression analysis was used to further 
analyze the relationship between MTAC creat and CA125. The potential mediators were included in 
the analyses separately as independent variables next to CA125.

DISCuSSION 

No relationship between peritoneal solute transport and comorbidity could be 
established in the present study done in incident non-diabetic PD patients. This is 
different from the findings of other studies showing an overrepresentation of high 
solute transport rate in patients with severe comorbidity (5,6). Reasons for this 
difference may be the exclusion of patients with diabetes mellitus and with a previous 
peritonitis episode, as was performed in the present study. Also, the number of 
patients with severe comorbidity was relatively low. Finally, the retrospective scoring 
of comorbidity might have influenced the results. However, the latter is less likely 
because dividing the patients on the basis of serum albumin also failed to show 
differences in solute transport rates. 
 In contrast to other studies (24,25), no association was found between 
peritoneal transport status and serum concentrations of acute-phase proteins and 
inflammatory markers when analyzed in tertiles. This was also the case for the 
dialysate appearance rates of the inflammatory markers. Although some statistically 
significant differences were found among the three transport groups, a dose-effect 
relationship between these markers and MTAC creatinine was absent. However, when 
analyzed as continuous variables, significant correlations were present between 
MTAC creatinine on one hand and the appearance rates of VEGF and CA125 on the 
other hand. The discrepancy in some parameters between the analysis in tertiles 
and that as continuous variables may be explained by the relatively small number of 
patients and the wide range of each tertile. 
 Heimbürger et al. (24) analyzed the relationship between inflammatory 
markers (CRP, hyaluronan) measured before the start of PD and the results from an 
early peritoneal equilibration test performed less than 1 month after the initiation of 
PD. Fast transporters tended to have higher concentrations of inflammatory markers. 
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However, the transport status was measured very shortly after the start of PD. During 
that time, a steady state situation with respect to peritoneal transport has probably 
not yet been reached (26). Pecoits–Filho et al. (25) reported that higher plasma 
concentrations of IL-6 were associated with increased peritoneal transport rates of 
solutes in patients who had been treated with continuous ambulatory PD for a mean 
time of 19 ± 15 months. Those authors also found a positive correlation between 
serum VEGF and peritoneal transport but, unlike the present study, diabetic patients 
were not excluded. This may be important because, in their patient population, 
fast transporters had an increased incidence of diabetes mellitus compared to slow 
transporters. It may be that diabetes mellitus reflects a state of chronic inflammation, 
with consequent higher levels of IL-6. Diabetic patients also have higher serum 
VEGF levels than do non-diabetics (27–29). Those researchers also used a different 
methodology to measure IL-6, which may lead to different interpretation of the data. 
 In the present study a positive correlation between MTAC creatinine and 
VEGF was found, confirming previous observations in patients with various durations 
of PD (30). Also, a significant difference between the measured and the expected 
VEGF concentrations by diffusion was found, indicating local peritoneal VEGF 
production. This is in agreement with previous findings reported by our group (30). 
In the previous study, evidence was found for local peritoneal VEGF production in 
chronic PD patients treated with glucose-based dialysis solutions, and also a positive 
relationship with the MTAC creatinine and transcapillary ultrafiltration. In the present 
study no relationship between LP-VEGF and MTAC creatinine could be established. 
Although LP-VEGF was only taken into account when the correlation coefficient for 
the “transport line” (see Methods) was statistically significant, interpolation in a 
power relationship always has the risk that small variations in a line have a large 
impact on the predicted value used in the calculation of local production. The lack 
of correlation might also be due to the relatively small (n = 31) number of patients 
in whom this parameter could be calculated. Nevertheless, the correlation between 
MTAC creatinine and the total dialysate VEGF appearance rate may suggest a role of 
VEGF in regulation of the vascular peritoneal surface area, possibly already before 
structural abnormalities have developed as in long-term PD (31). 
 Dialysate CA125 is considered a marker of mesothelial cell mass (32). 
Exposure to dialysis solutions affects the mesothelial cell layer, leading to a reduction 
of the mesothelial cell mass in some long-term PD patients (32). Lai et al. found a 
positive relationship between dialysate CA125 concentration and D/P creatinine and 
MTAC creatinine (33). A higher CA125 concentration was associated with a faster 
transport status. In the present study a similar correlation was found. Furthermore, 
we found a positive relationship between MTAC creatinine and VEGF concentration. 
These data may suggest that the mesothelium is involved in the production of VEGF. 



42

Chapter 2

Selgas et al. demonstrated spontaneous VEGF production by cultured peritoneal 
mesothelial cells from patients on PD (15). 
 The above discussed data are consistent with the hypothesis that VEGF 
produced by the mesothelium is involved in regulation of the effective peritoneal 
vascular surface area, although no significant relationship could be established 
between LP-VEGF and MTAC creatinine, as discussed above. Therefore, our hypothesis 
was further analyzed by investigating whether the association between CA125 and 
MTAC creatinine was independent of factors that were considered possible mediators 
in this relationship. It appeared that VEGF weakened it to some extent. This may 
indicate that CA125 is an independent determinant of MTAC creatinine, and that its 
effect is partly mediated by VEGF; IL-6 weakened the relation between CA125 and 
MTAC creatinine only marginally.
 It can be concluded that a fast peritoneal transport status is not related 
to comorbidity, possibly because of the small number of patients with extensive 
comorbidity and the exclusion of patients with diabetes mellitus. The relationships 
found between VEGF, CA125, and MTAC creatinine suggest a role of VEGF in 
regulation of the vascular peritoneal surface area, possibly already before structural 
abnormalities have developed. Our analyses suggest that mesothelial cell mass is 
an important determinant of peritoneal transport status in incident non-diabetic PD 
patients without previous peritonitis. Of the many potential mediators produced by 
mesothelial cells, VEGF was more important than the inflammatory marker IL-6. We 
realize that our hypothesis is weakened by the discrepancy between the analysis as 
continuous variables and the analysis in tertiles. However, when studying a relatively 
small number of patients, analysis as a continuous variable is more sensitive and less 
affected by outliers than analysis in tertiles. The results of the present study will have 
to be confirmed in other studies, with a larger number of patients, using the same 
strict inclusion criteria.

Acknowledgements

The authors highly appreciate the technical assistance of Cindy Kunne.



Determinants of peritoneal solute transport rates in newly started non-diabetic PD patients

43

2

REFERENCES

1. Wang T, Heimbürger O, Waniewski J, Bergström J, Lindholm B. Increased peritoneal 
permeability is associated with decreased fluid and small-solute removal and higher mortality 
in CAPD patients. Nephrol Dial Transplant 1998; 13:1242–9.

2. Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR, Oreopoulos DG, Page D, for the CANUSA 
Peritoneal Dialysis Study Group. Increased peritoneal membrane transport is associated with 
decreased patient and technique survival for continuous peritoneal dialysis patients. J Am Soc 
Nephrol 1998; 9:1285–92.

3. Jager KJ, Merkus MP, Dekker FW, Boeschoten EW, Tijssen JGP, Stevens P, et al., for the 
NECOSAD study group. Mortality and technique failure in patients starting chronic peritoneal 
dialysis: results of the Netherlands Cooperative Study on the Adequacy of Dialysis. Kidney Int 
1999; 55:1476–85.

4. Krediet RT, Zemel D, Imholz ALT, Struijk DG. Impact of surface area and permeability on solute 
clearances. Perit Dial Int 1994; 14(Suppl 3):S70–7.

5. Chung SH, Chu WS, Lee HA, Kim YH, Lee IS, Lindholm B, et al. Peritoneal transport 
characteristics, comorbid diseases and survival in CAPD patients. Perit Dial Int 2000; 20:541–
7.

6. Davies SJ, Phillips L, Naish PF, Russell GI. Quantifying co-morbidity in PD patients [Abstract]. J 
Am Soc Nephrol 2000; 11:205A.

7. Blake PG, Flowerdew G, Blake RM, Oreopoulos DG. Serum albumin in patients on continuous 
ambulatory peritoneal dialysis—predictors and correlation with outcome. J Am Soc Nephrol 
1993; 3:1501–7.

8. Struijk DG, Krediet RT, Koomen GCM, Boeschoten EW, Arisz L. The effect of serum albumin at 
the start of continuous ambulatory peritoneal dialysis treatment on patient survival. Perit Dial 
Int 1994; 14:121–6.

9. Stenvinkel P, Heimbürger O, Paultre F, Diczfalusy U, Wang T, Berglund L, et al. Strong 
associations between malnutrition, inflammation and atherosclerosis in chronic renal failure. 
Kidney Int 1999; 55:1899–911.

10. Stenvinkel P, Heimbürger O, Lindholm B, Kaysen GA, Bergström J. Are there two types of 
malnutrition in chronic renal failure? Evidence for relationships between malnutrition, 
inflammation and atherosclerosis (MIA syndrome). Nephrol Dial Transplant 2000; 15: 953–60.

11. Hutten H, Zweers MM, de Waart DR, Jansen MAM, Krediet RT. Cancer antigen 125, peritoneal 
transport parameters and duration of peritoneal dialysis (PD) [Abstract]. Perit Dial Int 2001; 
21(Suppl 2):S133.

12. Koomen GCM, Betjes MGH, Zemel D, Krediet RT, Hoek FJ. Dialysate cancer antigen (CA) 125 is 
a reflection of the peritoneal cell mass in CAPD patients. Perit Dial Int 1994; 14:132–6.

13. Visser CE, Brouwer-Steenbergen JJE, Betjes MGH, Koomen GCM, Beelen RJH, Krediet RT. 
Cancer antigen 125: a mesothelial bulk marker for mesothelial mass in stable peritoneal 
dialysis patients. Nephrol Dial Transplant 1995; 1:64–9.



44

Chapter 2

14. Topley N, Williams JD. Role of the peritoneal membrane in the control of inflammation in the 
peritoneal cavity. Kidney Int Suppl 1994; 48:71–8.

15. Selgas R, del Peso G, Bajo MA, Castro MA, Molina S, Cirugeda A, et al. Spontaneous VEGF 
production by cultured peritoneal mesothelial cells from patients on peritoneal dialysis. Perit 
Dial Int 2000; 20:798–801.

16. Devuyst O. Molecular mechanisms of peritoneal permeability-research in growth factors. 
Perit Dial Int 2001; 21(Suppl 3):S19–23.

17. Combet S, Miyata T, Moulin P, Pouthier D, Goffin E, Devuyst O. Vascular proliferation and 
enhanced expression of endothelial nitric oxide synthase in human peritoneum exposed to 
long-term peritoneal dialysis. J Am Soc Nephrol 2000; 11:717–28.

18. Davies SJ, Russell L, Bryan J, Phillips L, Russell GI. Co-morbidity, urea kinetics, and appetite in 
continuous ambulatory peritoneal dialysis patients: their interrelationship and prediction of 
survival. Am J Kidney Dis 1995; 26:353–61.

19. Pannekeet MM, Imholz ALT, Struijk DG. The standard peritoneal permeability analysis: a tool 
for the assessment of peritoneal permeability characteristics in CAPD patients. Kidney Int 
1995; 48:866–75.

20. Smit W, van Dijk P, Schouten N, Langedijk M, van den Berg N, Struijk DG, et al. Peritoneal 
function and assessment of reference values using a 3.86% glucose solution. Perit Dial Int 
2003; 23:440–9.

21. Waniewski J, Werynski A, Heimbürger O, Lindholm B. Simple models for description of small 
solute transport in peritoneal dialysis. Blood Purif 1991; 9:129–41.

22. Waniewski J, Heimbürger O, Werynski A, Lindholm B. Aqueous solute concentrations and 
evaluations of mass transport coefficients in peritoneal dialysis. Nephrol Dial Transplant 1992; 
11:11–14.

23. Zemel D, Imholz ALT, de Waart DR, Dinkla C, Struijk DG, Krediet RT. Appearance of tumor 
necrosis factor-α and soluble TNF-receptors I and II in peritoneal effluent of CAPD. Kidney Int 
1994; 46:1422–30.

24. Heimbürger O, Wang T, Chung SH, Ohlsson S, Lindholm B, Stenvinkel P. Increased peritoneal 
transport rate from an early peritoneal equilibration test (PET) is related to inflammation, 
cardiovascular disease and mortality [Abstract]. J Am Soc Nephrol 1999; 10:315A.

25. Pecoits–Filho R, Araújo MR, Lindholm B, Stenvinkel P, Abensur H, Romão JE Jr, et al. Plasma and 
dialysate IL-6 and VEGF concentrations are associated with high peritoneal solute transport 
rate. Nephrol Dial Transplant 2002; 17:1480–6.

26. Struijk DG, Krediet RT, Koomen GCM, Boeschoten EW, Hoek FJ, Arisz L. A prospective study of 
peritoneal transport in CAPD patients. Kidney Int 1994; 45:1739–44.

27. Aiello LP, Avery RL, Arrigg PF, Keyt BA, Jampel HD, Shah ST, et al. Vascular endothelial growth 
factor in ocular fluid of patients with diabetic retinopathy and other retinal disorders. N Engl 
J Med 1994; 331:1480–7.

28. Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability factor/vascular 
endothelial growth factor, microvascular hyperpermeability, and angiogenesis. Am J Pathol 
1995; 146:1029–39.



Determinants of peritoneal solute transport rates in newly started non-diabetic PD patients

45

2

29. Tanaka Y, Katoh S, Hori S, Miura M, Yamashita H. Vascular endothelial growth factor in diabetic 
retinopathy. Lancet 1997; 349:1520.

30. Zweers MM, de Waart DR, Smit W, Struijk DG, Krediet RT. Growth factors VEGF and TGF-β in 
peritoneal dialysis. J Lab Clin Med 1999; 134:124–32.

31. Krediet RT. Advances in peritoneal dialysis: towards improved efficacy and safety. Blood Purif 
1998; 16:1–14.

32. Krediet RT. Dialysate cancer antigen 125 concentration as marker of peritoneal membrane 
status in patients treated with chronic peritoneal dialysis. Perit Dial Int 2001; 21:560–7.

33. Lai KN, Lai KB, Szeto CC, Ho KKL, Poon P, Lam CWK, et al. Dialysate cell population and cancer 
antigen 125 in stable continuous ambulatory peritoneal dialysis patients: their relationship 
with transport parameters. Am J Kidney Dis 1997; 29:699–705.




