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Abstract

Background. Inflammation, hypoalbuminaemia and per-
itoneal protein clearance are important predictors of
survival in patients treated with peritoneal dialysis (PD).
We hypothesized that the common link is abnormal endo-
thelial barrier function. To test this, we explored associ-
ations between hypoalbuminaemia, systemic albumin leak
and soluble markers of systemic inflammation and endo-
thelial injury.

Methods. This was a cross-sectional study of 41 preva-
lent PD patients. Endothelial barrier function was
measured as transcapillary escape rate of '*°I albumin
[transcapillary escape rate of albumin (TER,,)]. Seven-
teen plasma biomarkers including pro-inflammatory cyto-
kines, endothelial biomarkers and metalloproteinases were
measured. Hierarchical clustering analysis (HCA) and
principal component analysis (PCA) were used to explore
the hypothesis.

Results. The mean TER,;, was 13.7+8.9 (%/h), higher
than in non-uraemic subjects 8.22+5.8 (%/h). Three
patient clusters were defined from HCA according to
their biomarker patterns. Cluster 1 was characterized by
inflammation, hypoalbuminaemia, overhydration and
intermediate TER,j,. Cluster 2 was non-inflamed, pre-
served muscle mass and more normal TER,y,. Cluster 3
had highest TER,y,, platelet activation, preserved
plasma albumin and intermediate high-sensitivity C-re-
active protein levels. Two principal components (PCs)
were identified from the biomarker matrix, PC1, indicat-
ing platelet activation and PC2, pro-inflammatory.
TER,;, was positively related to PC1 but not PC2. Dia-
betes and ischaemic heart disease were associated with
PC1 and PC2, respectively.

Conclusions. This exploratory analysis indicates that
endothelial barrier function is decreased in PD patients
and is associated with diabetic status and markers of
platelet activation more than inflammation. In contrast,
hypoalbuminaemia is associated more with inflammation
and atherosclerotic disease indicating a more complex
relationship between systemic endothelial barrier func-
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tion, inflammation and hypoalbuminaemia which re-
quires further validation.

Keywords: biomarker pattern; body composition; inflammation; platelet
activation; transcapillary escape rate

Introduction

Inflammation and hypoalbuminaemia are both important
predictors of survival in patients treated with dialysis for
advanced renal failure [1-3]. Endothelial dysfunction is a
feature of uraemia [4], also present in complicated dia-
betes and cardiovascular co-morbidities that commonly
occur in these patients. Indeed, it may represent the link
between increased systemic and/or peritoneal protein leak,
inflammation, hypoalbuminaemia and worse survival
through its association with reduced capillary barrier
function [5] (see Figure la). However, the picture is
further complicated in peritoneal dialysis (PD) patients by
the important daily losses of protein from the peritoneal
cavity which likely explains why for a given degree of
hypoalbuminaemia, survival in PD patients is superior to
those on haemodialysis [1]. The observation that perito-
neal protein clearance (the main determinant of absolute
protein losses) predicts survival independent of effective
peritoneal surface area [5-7] led us to test the hypothesis
that the underlying common factor is impaired systemic
endothelial barrier function.

To do this, we explored the relationship between the
systemic transcapillary escape rate of albumin (TER,;)
as an indicator of endothelial barrier function, a panel of
biomarkers of endothelial dysfunction and associated
clinical phenotypes. We used the techniques of hierarchi-
cal clustering (HC) and principal component analysis
(PCA) to generate patient groups from the patterns of
biomarkers observed and then subsequently compared
their clinical phenotypes so as to avoid any pre-
conceived assumptions.
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Fig. 1. (a) Simplified linear hypothesis linking co-morbidity to hypoalbuminaemia invoking reduced endothelial barrier function as the central
unifying mechanism. (b) Modified relationship between co-morbidity, inflammation, systemic protein leak and hypoalbuminaemia in the light of

current findings.

Materials and methods

Study design and patient population

This was a cross-sectional study of prevalent PD patients in a single
centre. Sequential patients were approached to participate and studied
while undergoing their routine 6-monthly assessments of peritoneal
membrane function and dialysis adequacy tests, provided they were not
acutely ill or within 1 month of peritonitis. The study was peer reviewed
and approved by the local ethics committee and all patients signed the
consent form.

TER ., and plasma volume

After a bolus intravenous injection of 10 mL 0.185 MBq '**I-human
serum albumin (HSA), blood samples were taken at 10, 20 and 30 min
at a remote venous site. The isotopic concentration in each case was
plotted against time on a semi-logarithmic scale and the best linear fit
line was performed from these points. TER,;,, expressed as percentage
loss per hour (%/h) was estimated from the disappearance rate of the >
HSA from the gradient of this line. The plasma volume was calculated
by extrapolating the line to time zero. The method was also applied for
clinical purposes as the measurement of plasma volume in the normal-
ization of red cell mass and diagnosis of primary polycythaemia. These
patients who were mainly referred from haematologists during the time
of this study served as non-uraemic contemporaneous ‘in-house’
controls.

Biomarker measurement

The plasma sample for biomarker analysis was collected just before '*°I

HSA injection on the study day and stored at —20°C. A panel of 17
biomarkers, which are involved in inflammation, endothelial function
and tissue remodelling processes, [interleukin-6 (IL-6), tumour necrosis
factor-alpha (TNF-o), interferon-gamma (IFN-y), IL-1B, IL-10, mono-
cyte chemotactic protein-1, inter-cellular adhesion molecule 1, vascular
cell adhesion protein 1 (VCAM-1), E-selectin, P-selectin, CD40 ligand
(CD40L), vascular endothelial growth factor (VEGF), matrix metallopro-
teinase (MMP)-1, MMP-2, MMP-3, MMP-8, MMP-9], was measured
on a Luminex suspension array system (Bio-Plex 200TM platform; Bio-
Rad Laboratories, Hemel Hempstead, Hertfordshire, UK) using commer-
cially available multi-analyte cytokine kits [MILLIPLEX MAP; Milli-
pore (UK) Ltd, Walford, Hertfordshire, UK] or Fluorokine multi-analyte
profiling kits for MMPs (R&D Systems, Abingdon, UK). Assays were
carried out according to the manufacturer’s instructions.

Body composition, solute clearance, membrane function and blood
biochemistry

Estimated total body water (TBW) and extra-cellular water were evalu-
ated by bioimpedance (BIA, multi-frequency Xitron Hydra device,
Model 4200; Xitron Technologies, San Diego, CA). At the same time,
absolute TBW was measured by deuterium (D,0O) dilution technique.

The detailed methodologies have been described previously [8]. In brief,
baseline and equilibrated blood samples were taken before and 2.5 h
after an oral dose of 99.8% D,O (Cambridge Isotope Laboratories). The
difference between the headspace HDO abundance of the two samples,
measured by flowing-afterglow mass spectrometry, was used to deter-
mine TBWyp, after accounting for equilibration with dialysate and 4% D
exchange with H in body proteins. The difference between BIA esti-
mated (TBWgja) and D dilution measured TBW (TBWp) reflects tissue
overhydration [8, 9].

The dialysis dose and residual renal function were calculated as the
weekly Kt/Vye, from the 24-h urinary and dialysate clearance by direct
measurement of urea in urine and dialysate. Peritoneal dialysate protein
loss was measured from the collection of 24-h dialysate effluent. A vali-
dated equation was used for the calculation of protein clearance, (Pcl), =
24-h dialysate protein loss/(serum albumin/0.4783).

Solute transport was measured by standard 4-h peritoneal equilibrium
test with 2.27% glucose concentration 2-L exchange. The dialysate:
plasma ratio of creatinine at the completion of the 4-h dwell period (D/P
creatinine) was used to estimate low-molecular-weight solute transport.

Plasma albumin was estimated using the bromocresol purple colori-
metric method, peritoneal dialysate and urine protein by the biuret
method. C-reactive protein (CRP) was measured using a latex enhanced
immunoturbidimetric method.

Statistical analysis

One-way analysis of variance and unpaired #-test were used to examine
differences in normally distributed continuous data among groups, chi-
square for categorical data. Univariate correlations were examined by
Pearson correlation coefficient. Variables not normally distributed were
log, transformed for further analysis. Significance was considered at
P-values <0.05. Statistical analyses were performed using IBM SPSS
Statistics version 19 except for the HC analysis (HCA).

Hierarchical cluster analysis

The biomarker levels were first converted to Log, and expressed relative
to the mean value for normalization. These measurements were used to
generate heat map (Figure 2) using Genesis software (version 1.7.2,
Alexander Sturn; Institute for Genomics and Bioinformatics, Graz Uni-
versity of Technology). The Genesis programme uses a two-dimensional
HC method, using the average linkage clustering agglomerative rule that
enables groups of variables with similar expression levels to be clustered
together as well as grouping together patient samples with similar
expression patterns.

Principal component analysis

To decrease the dimensionality of the biomarker data set while retaining
as much of the variance as possible, an exploratory PCA was employed.
Principal components (PCs) were extracted using varimax rotation, with
the factor selection based on an eigen value cut-off of 1.0. Because of
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Fig. 2. Plasma concentration profiles of 17 biomarkers in 41 patients expressed as a HCA heat map. Plasma concentrations of biomarker close to
higher and lower than the mean values are represented by black, red and green colours, respectively. Three patient clusters, Cluster 1 (blue bar),
Cluster 2 (green bar), Cluster 3 (red bar) and one outlier are generated by HCA.

limitations of the sample size, eight biomarkers only were processed in
the final analysis. These biomarkers were selected from the first two
PCs, which contributed the most variance of the whole matrix. Those
biomarker variables not normally distributed after log transformation
were converted to binary data.

Results

A total of 41 prevalent patients (M/F 22/19, mean age 61
+ 17 years, median time on PD 20 [9-33] months, dia-
betics 29%) were studied. The TER,j, was higher in the
PD patients 13.74 + 8.8 (%/h) than the non-uraemic com-
parator group 8.22 +£5.8 (%/h) (n=13, P <0.05).

Three clusters and one outlier were defined from the
HCA (Figure 2). Patient characteristics, peritoneal mem-
brane function and TER,; (Table 1) and absolute bio-
marker concentrations (Table 2) are shown by cluster.
Cluster 1 was characterized by an inflammatory profile,
associated with higher high-sensitivity CRP, lower
albumin, intermediate TER,), and overhydration indicated
by the big discrepancy between measured TBW (TBWp)
and estimated (TBWpya). Cluster 2 was non-inflamed ac-
cording to the lowest CRP levels, had the lowest TER,,

and the most normal body composition as evidenced by
the highest body water by body weight but good agree-
ment between D dilution and BIA measures, indicating
well-preserved muscle mass but least overhydration.
Cluster 3 was characterized by biomarkers consistent with
platelet activation, had the highest TER,y;, but only mod-
erate CRP levels, less inflammation and less overhydra-
tion than Cluster 1 patients.

The PCA was first carried out in the whole panel of the
17 biomarkers. Seven PCs were identified, explaining
74.9% of the total variance, Figure 3a. The eight bio-
markers that composed the two strongest PCs, contribut-
ing the majority of the variance, were selected for the
final PCA and are shown with their eigen values (>1) in
Figure 3b. The first PC (PCl-platelet activation) was com-
posed mainly of MMP-1, P-selectin, CD40L and VEGF.
The second PC (PC2 pro-inflammation) featured an
inverse relationship between MMP-3 and positive associ-
ation with IFN-y, TNF-a and VCAM-1. This component
showed a positive relationship with CRP (r=0.31, P=
0.047) and was negatively correlated with plasma
albumin (»=—-0.50, P=0.001).

The relationship between the HCA and PCA is shown
graphically in Figure 4a. It can be seen that despite



4440

Table 1. Characteristics of the three patient clusters derived from HCA*

Z. Yuetal.

Cluster 1 (n=17)

Cluster 2 (n=9)

Cluster 3 (n=14)

Single outlier

TER,, (%/h) 13.88+9.23
Age (years) 62.1+17.2
Gender (M, %) 65

BMI (kg/m?) 26.1+5.7
PD duration (months) 22.9+20.3
Solute transport (4 h D/P creatinine ratio) 0.81+0.13
Albumin (g/L) 29.1+4.9°
CRP (mg/L) 14.3 (4.8-21)¢
Peritoneal Pcl (mL/day) 95.6+£48.3
Peritoneal protein loss (g/24 h) 6.3+3.2
Urine protein loss (g/24 h) 0.58+0.5
Total protein loss (g/24 h) 7.11+3.00
Urine volume (mL) 709 +631
Adjusted PV (mL/m?) 1439+ 300
TBWp/Weight 0.51+0.04
TBWga/Weight 0.45+0.05
TBWp/Weight — TBWpg2/Weight 0.049 +0.041
Ever smoked (%) 44

IHD (%) 41

Diabetes (%) 17

9.12+5.29°
61.4+19.2
56

25.8+3.9
27.6+21.0
0.78£0.12
31.3+3.3

1.5 (0.6-4)
67.3+21.7
49+1.6
0.88+0.85
6.06+2.06
1128 + 626
1441+ 173
0.53+0.07°
0.53£0.08%
0.006 = 0.025°

17.29+9.11
60.3+15.7
36

28.3+5.1
26.8+21.2
0.74+0.17
332+4.1
4.6 (0.8-9.5)
69.0+24.7
50+1.8
0.74+0.51
6.02+2.07
1059 =759
1446 + 197
0.47+0.06
0.45+0.06
0.023 +£0.055
23

29

50

No
No

?Adjusted PV, plasma volume adjusted by body surface area; BMI, body mass index; Pcl, protein clearance corrected for dialysis regime (modality,
dry day and overfill), TBWp/Weight, TBW normalized to body weight as determined from deuterium (D) dilution; TBWgia/Weight, TBW
normalized to body weight as estimated by BIA. Clusters 1, 2 and 3 were compared using one-way analysis of variance (ANOVA) and when

significant the post hoc between group differences are shown.
Cluster 2 versus Cluster 3, P <0.05.

°Cluster 1 versus Cluster 3, P <0.05.

dCluster 1 versus Cluster 2, P<0.01.

®Cluster 2 versus Cluster 3, P<0.01.

'Cluster 1 versus Cluster 2, P<0.05 (ANOVA).

Table 2. Mean/median biomarker concentrations of the three patient clusters derived from HCA?®

Cluster 1 (n=17) Cluster 2 (N=9)

Cluster 3 (n=14) Single outlier P-value (ANOVA)

ICAM-1 (ug/mL) 0.49+0.09 0.4+0.07
VCAM-1 (ug/mL) 0.83+0.18 0.74+0.16
E-selectin (ng/mL) 68.21+31.07 44.16+18.08
P-selectin (ng/mL) 94.63£31.68 79.94+£27.23
MMP-1 (pg/mL) 33.4 (15-104.8) 10.1 (1-60.8)
MMP-2 (ug/mL) 0.24 (0.17-0.28) 0.76 (0.34-1)
MMP-3 (ng/mL) 11.5+£5 22.76 +12.76
MMP-8 (ng/mL) 3.69+1.66 2.26+0.8
MMP-9 (ng/mL) 67.66+38.23 55.54+26.02
IFN gamma (pg/mL) 1.4 (0-4.6) 0.5 (0-1.4)
IL-1B (pg/mL) 0.1 (0.1-0.1) 0.1 (0.1-0.1)
IL-6 (pg/mL) 54 (3-11.4) 22(1-42)
IL-10 (pg/mL) 2.7+2 1.4+£1.9
MCP-1 (pg/mL) 357.8+156.9 377.5+175.2
CDA40L (ng/mL) 3.1+£23 4.16+2.58
TNF-o (pg/mL) 12.1+4.9 64+4
VEGF (pg/mL) 3(33) 3(33)

0.34+0.08 0.41 <0.01
0.72£02 0.52 NS

56.23£27.51 26.13 NS

126.52 % 46.95 48.53 <0.05
345 (35.9-821.8) 1 <0.05
0.29 (0.23-0.44) 0.24 0.081
13.52+4.49 9.04 <0.01
2.04£1.15 0.33 <0.01
53.13+£30.4 30.7 NS

1.7 (1.1-2.3) 2.1 NS

0.4 (0.1-4.1) 0.1 <0.01
3.5(2.8-5.1) 8.7 <0.05
45+4 1.4 <0.05
417.1+131.2 61.7 NS

7.85+2.61 1.16 <0.01
8943 19.5 <0.01
50.9 (3-135.7) 3 <0.01

*ANOVA, analysis of variance; ICAM-1, inter-cellular adhesion molecule 1; NS, non significant.

differing dimensions that these two analytical techniques
give patterns that are in agreement. Patients with different
co-morbidities also showed differences in PCs such that
patients with ischaemic heart disease (IHD) and diabetes
mellitus (DM) have different, albeit overlapping, patterns
of biomarkers (Figure 4b). Diabetes had higher PCI,
while PC2 was higher in IHD (Table 3).

To further explore the relationship between clinical
factors and biomarker profiles with our primary end point,

TER,,, univariate regression analysis was undertaken.
None of the clinical measures, including demographics,
membrane function, PD duration, CRP or systemic
dynamic factors (pulse pressure, mean blood pressure),
showed significant correlation to TER,;, whereas the bio-
marker derived PC1 score (platelet activation) showed a
positive relationship (»=0.33 P=0.03) (Table 4). Multi-
variate analysis found this relationship to be independent
of age, gender and PD duration.
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Fig. 3. (a) PCA from the whole panel of the 17 biomarkers eigen values and percentage contributing to the total sample variance of each of the
seven PCs is presented. Individual composition feature is showed along with their rotated loading coefficients, a measure of the importance of each
biomarker to the factor, displayed as a bar chart. (b) PCA from reduced number of biomarkers. The eight biomarkers that compose the two strongest
PCs, contributing the majority of the total sample variance are selected for the final PCA. The composition of the 2 PCs derived from the final model
is displayed along with their rotated loading coefficients expressed as a bar chart.

Discussion

This is the first study to measure systemic endothelial
barrier function in patients with chronic kidney disease
(CKD) Stage 5 and relate this to a wide panel of circulat-
ing biomarkers of inflammation and endothelial dysfunc-
tion. It confirms that endothelial barrier function is
abnormally decreased and suggests that this is not solely
related to inflammation but more so to platelet activation
in this clinically stable cross-sectional cohort. Further-
more, patients with IHD and DM have different, albeit
overlapping, patterns of biomarkers, although both exhibit
endothelial dysfunction (Figure 4b).

The TER,;, is a widely accepted measurement of endo-
thelial barrier function, first described as early as 1973 [10,
11]. TER,y, is increased in several conditions associated
with endothelial dysfunction such as diabetes, hypertension
and atherosclerosis [12—15] and also sepsis where it is
clearly associated with marked inflammation. However,
endothelial barrier function has been less well investigated
in end-stage renal disease. This study found that mean
TER,;, is higher in CKD Stage 5 patients than in non-
uraemic controls who likely had other pathologies as they
were undergoing investigation for polycythaemia. A pre-
vious study of 29 non-diabetic CKD patients (glomerular
filtration rate 11-44 mL/min/1.73 m?) whose other markers
of endothelial function (e.g. von Willebrand factor) were
normal unless subjects were current smokers [16] showed

no difference between CKD patients and normal controls.
This suggests that severe renal failure is associated with
more severe endothelial dysfunction and is in broad agree-
ment with other rather small previously published studies
in dialysis patients. TER,;, was increased in 11 diabetics
treated with PD (but not in non-diabetics) [17] and 9 pre-
dialysis haemodialysis patients [18]. This is supported by
in vivo experiments in which human uraemic plasma in-
creased frog mesenteric micro- vascular permeability to
both water and protein, [19] subsequently confirmed in
other studies. [20] One of the strengths of our study, which
demonstrated a relatively high median TER,y,,, was that we
recruited sequential patients undergoing routine assessment
of their therapy with <5% of patients declining investi-
gation, so reducing selection bias.

Although a relationship between TER,; and blood
pressure was seen in some early studies in hypertensive
patients, we did not observe this to be the case in this
cross-sectional study. The relationship may be more
complex in this dialysis cohort with multiple co-morbid-
ities and concomitant medication. A study comparing
TER,, according to the angiotensin-converting enzyme
(ACE) gene polymorphism in essential hypertension
showed that ACE D/D homozygosis, which is associated
with high risk of atherosclerotic vascular disease, is related
to higher TER,;, despite identical 24-h blood pressure read-
ings [23]. Furthermore, endothelial function can be influ-
enced by medications used in the patients with related
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Fig. 4. (a) Combined graphical representation of the HCA (centroid plot) and PCA (dimensionless weighted scores); there is good agreement
between the methods showing association between Cluster 3 and increased platelet activation, Cluster 1 with inflammation and Cluster 2 with the
absence of markers of endothelial dysfunction. (b) Combined graphical representation of PC scores and co-morbidity; IHD and DM are clustered
according to their different pattern of PC scores.
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IHD (n=13) Non-IHD (n=28) P-value® DM (n=12) Non-DM (n=29) P-value® PVD (n=12) Non-PVD (n=29) P-value®
PC1 -0.01£0.80 0.01+£1.09 0.951 0.62+0.94 —0.26+0.92 0.009**  —0.01+0.76 0.01£1.10 0.96
PC2 0514089  —023+0.51  0.025%*  —0.19+0.97 0.08+1.02 0436  —0.06+0.85 0.02+1.07 0.814
“PVD, Peripheral vascular disease.
®Unpaired #-test.
*P <0.05.
**P<0.01.
Table 4. Univariate correlation of TERY, regulates the pro-inflammatory and pro-atherogenic genes
i . . [25]. Although results from our PCA should be taken
Correlation coefficient  P-value® 55 exploratory, we find that PC1 (HC3 phenotype) is
composed primarily of MMP-1, P-selectin, CD40L and
gﬁl((}l’(ega/r;)z) :8:3; 8:3 VEGF, all of which are released in significant amounts
PD duration (months) 026 011 from platelets and reflect platelet activation [26]. PC2,
Pulse pressure (mmHg) 0.10 0.54 composed by IFN-y, TNF-o. and VCAM-1 and negatively
Albumin (g/L) -0.09 0.56 contributed by MMP-3, is mainly involved in pro-inflam-
Log,CRP(mg/L) —0.04 0.81 matory pathways and defined the inflamed, overhydrated
D/P creatinine 0.12 0.46 . .
UF capacity (mL) —003 0.88 apd hypoalbuminaemic HC} phenotype. HC2 was a rela-
Peritoneal protein loss (g/24 h) 0.23 0.16 tively healthy phenotype with most normal body compo-
Peritoneal Pcl (mL/day) 0.15 0.36 sition and least abnormal TER,;. PC1 and PC2 could
Urine protein loss (g/24 h) —0.16 0.34 explain a significant proportion (34.3%) of the variance in
Total protein loss (g/24 h) 0.20 0.23 the whole biomarker matrix.
Urine volume (mL) —0.22 0.17 . . . . .
Gender 0.1 One important finding of this study is the demonstration
Ever smoking 0.28 that the link between platelet activation and increased endo-
HD 0.39 thelial permeability may not be just through inflammation.
PD\I;“BeteS 8;? The links between inflammations as a trigger for platelet
PC 1 033 0.03* activation in vascular lesions and between inflammation,
PC 2 0.07 0.69 atherosclerosis and endothelial dysfunction in uraemia are

“PVD, Peripheral vascular disease; UF, ultrafiltration.

®Pearson or Spearman correlation for continuous variables as appropriate
according to the distribution and unpaired #-test for between group
difference.

*P <0.05.

effect on TER,;. High-dose simvastatin reduces low-
density lipoprotein cholesterol by 39% and is reported to
normalize TER,; [24]. No clear relationship between
medications and TER,;, was observed in this study.

The measurement of a wide range of biomarkers com-
bined with hierarchical cluster and PCA allowed us to
investigate the overall pattern of their association with
endothelial barrier dysfunction. Using this approach, we
were able to identify three main patient clusters and there
was good agreement between these and the two main
components identified through PCA; additional PCs were
identified that warrant further investigation in a larger
validation cohort but were excluded from further analysis
here to avoid Type 1 statistical error. The advantage to
this approach is that while biomarkers are likely to corre-
late to each other as they all reflect endothelial function, it
enables identification of possible multiple biomarker func-
tions or different metabolic or signalling pathways in-
volved in endothelial dysfunction. For example, CD40L is
expressed in lymph cells, epithelial cells, fibroblasts,
endothelial cells and platelets in response to pro-inflam-
matory cytokines, platelet activators and nitric oxide sig-
nalling. After combining with CD40, it subsequently up-

well established [27]. These pathways may, however, act
either independently or sequentially; activated platelets can
induce secretion of chemokines for monocyte recruitment
[28] whereas single micro-vessel perfusion with TNF-o.
alone, without platelet activation, does not alter endothelial
permeability [29]. In an aseptic animal injury model, sys-
temic depletion of neutrophils with antibody failed to
prevent the increase in vascular permeability, whereas anti-
platelet pre-treatment reduced this by 25% [30]. These find-
ings suggest that platelet activation may have a critical role
in endothelial hyperpermeability that may not necessarily
be through inflammation, especially in the low-grade
inflammatory status seen in uraemia. Local release of
VEGF by activated platelets, especially associated with
HCA Cluster 3 and increased TER,y, in this study, may
explain this.

This study found that DM and IHD tend to cluster with
different patterns of biomarkers associated with endothelial
dysfunction and in keeping with other studies, we found
that diabetics more commonly display an increase in plate-
let reactivity [31]. Worse cardiovascular outcomes in dia-
betics may reflect inadequate responses to anti-platelet
therapy [32]. Another important finding of this study is that
the systemic leak of albumin from the circulation to extra-
vascular space is not correlated to hypoalbuminaemia and
thus is unlikely to be causally related. It is well established
that the single strongest predictor of plasma albumin con-
centration in PD patients is the daily peritoneal protein loss
[33, 34], in turn strongly correlated to the rate of peritoneal
small solute transport, an indicator of the effective vascular
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area in contact with dialysate. There is, however, residual
variability in peritoneal protein losses which has now been
shown in several studies to be an independent predictor of
patient survival [6, 7]. This link between peritoneal protein
leak and survival can at least in part be explained by an
association with increasing age and cardiovascular co-mor-
bidity, raising the possibility that some of the variability
may reflect endothelial dysfunction. We did not see any
clear relationship between systemic protein leak and perito-
neal protein losses in this study probably because the latter
is dominated by effective peritoneal vascular area in
contact with dialysate. It is also possible, given that this
was a study of prevalent patients, that some had acquired
membrane changes that could influence protein losses. The
reason that plasma albumin is more strongly associated
with peritoneal protein losses than with systemic leak is
that the former represents net daily losses (typically 5-10
g/day) whereas the latter reflects the re-circulation between
intra- and extravascular pools of up to 10 times this
amount daily. Net plasma albumin concentration will also
be determined by the balance of synthesis and catabolism,
and the former in relatively fit PD patients has been shown
to be increased above normal.[33] The patients with the
lowest albumin in this study were those with inflammation
compared to markers of platelet activation, in keeping with
previous observations that hypoalbuminaemia in inflamed
patients is associated with reduced synthesis.

This study has a number of limitations. Firstly, the
number of patients would ideally be greater to enable a
more extensive correlation of the PCA with clinical pheno-
type. Despite this, it remains the largest study of TER,y, in
dialysis patients to date and the numbers were limited by
the ethical permission which was primarily obtained to
measure plasma volume in an adequately powered study of
fluid status and hypoalbuminaemia [8]. Secondly, the bio-
marker patterns identified, while good evidence that the
relationship in more complex that originally envisaged can
only be considered as hypothesis generating at this stage.
Further validation in a larger patient cohort of selected bio-
markers is planned. Thirdly, we did not have ethics per-
mission to study normal subjects, so limiting our
comparison to a non-uraemic control group under clinical
investigation, which might be expected to have worse
endothelial function than normal subjects [35]. As ac-
knowledged above, the cross-sectional design means that
there may be confounding of the data by factors known
and unknown that change with time on treatment.

In conclusion, this study elaborates a more complex
relationship between abnormal endothelial dysfunction
and clinical phenotype in patients on PD, emphasizing
the importance of platelet activation as well as inflam-
mation (Figure 1b). In addition, it further clarifies our un-
derstanding of the mechanisms of hypoalbuminaemia, an
important predictor of survival in patients on PD.
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Abstract (biocompatible) peritoneal dialysis (PD) solutions signifi-
Background. The balANZ trial recently reported that cantly delayed anuria and reduced peritonitis rates com-
neutral pH, low glucose degradation product pared with conventional solutions. This article reports a
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