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Abstract
Background/Aim: Volume expansion in peritoneal dialysis
(PD) patients is associated with left ventricular hypertrophy.
The link between inflammation and hypervolemia has not
been extensively studied. The aim of this study was to determine if an association exists between hypervolemia and
markers of inflammation in PD patients. Methods: In this
cross-sectional study of 22 prevalent PD patients, volume
was determined by bioelectrical impedance analysis. Serum
and peritoneal effluent interleukin-6 (IL-6) and peritoneal
transforming growth factor (TGF)-␤1 were measured. A fast
peritoneal equilibration test determined peritoneal transport status. Results: Bioimpedance-derived measures of
hypervolemia correlated with peritoneal effluent IL-6 and
TGF-␤1. Peritoneal IL-6 was also associated with high peritoneal transport status. Conclusions: Markers of inflammation
and fibrosis (peritoneal IL-6 and TGF-␤1) are associated with
markers of hypervolemia.
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Introduction

Cardiovascular (CV) disease is the leading cause of
death in peritoneal dialysis (PD) patients [1]. Two recent
randomized controlled trials have shown that a higher
clearance on PD is not associated with a reduced CV burden and mortality [2, 3]. However, volume expansion in
PD patients is associated with left ventricular hypertrophy and dilatation, hypertension and progressive CV disease [4]. Control of volume has led to a reversal of left
ventricular hypertrophy and hypertension [5]. Due to
this, the focus for reducing mortality in patients with
end-stage renal disease has shifted from optimizing small
solute clearance to controlling volume expansion. Accurate volume assessment in PD patients is difficult due
to unreliable or impractical measurement techniques
[6]. Recently, bioelectrical impedance analysis (BIA) has
been proposed as an adjunct in determining volume status [7].
BIA is a technique that uses electrical properties of different tissues to distinguish and quantify extracellular
water (ECW) and total body water (TBW) volumes. Phase
angle is a derived measure from BIA and has been shown
to be a predictor of death in PD patients [8]. BIA has been
used in PD patients to determine volume status, and this
Dr. Peter J. Margetts
T3309, 50 Charlton Avenue E.
Hamilton, Ont. L3N 4A6 (Canada)
Tel. +1 905 522 1155, ext. 32299, Fax +1 905 540 6589
E-Mail margetts@mcmaster.ca

device correlates well with gold standard isotope dilution
methods [9]. The ratio of ECW/TBW has also been shown
to correlate with clinical evidence of hypervolemia [10].
The impedance ratio is a derived measure from raw data
at 5:200 kHz, and this correlates inversely with increased
extracellular fluid and may also be a marker of poor prognosis [11].
Inflammation, as measured by C-reactive protein
(CRP) is a recognized risk factor for CV death in the general population and in patients with end-stage renal disease [12]. Postulated mechanisms have included increased
oxidative stress [13], occult/chronic infections [14] and
endotoxemia in hypervolemic states [15]. In addition, the
myocardium is capable of releasing cytokines which are
augmented by adrenergic stimulation, and these cytokines have been implicated in the development of left
ventricular dysfunction and cardiac myocyte apoptosis
[15].
In PD patients, an association between hypervolemia
and inflammation has been suggested [16]. For example,
Chung et al. [17] found an association between inflammation, increased peritoneal membrane solute transport
and loss of residual renal function.
The aim of this study was to determine if an association exists between hypervolemia, as measured by BIA
and serum, and markers of peritoneal inflammation and
fibrosis.

Subjects and Methods
Study Design and Population
This is a cross-sectional study consisting of 22 stable, consenting PD patients who were recruited from one of the affiliated
teaching hospitals associated with the McMaster University (St.
Joseph’s Healthcare), Hamilton, Ont., Canada. Study protocol
was approved by the St. Joseph’s Healthcare Research Ethics
Board. Patients were included in the study if they were 18 years of
age or older and on PD for at least 3 months. Exclusion criteria
included a history of peritonitis in the previous 3 months, history
of limb amputation, presence of a pacemaker or defibrillator and
inability to provide informed consent.
Data Collection from Chart Review
Patient charts were reviewed to collect demographic information, a list of comorbidities and medications (dichotomous variables). Data to complete the Davies comorbidity score was extracted [18].
Inflammation and Fibrosis Markers
On the day of testing, 2 h into the dwell for the peritoneal
equilibration test (PET), a serum interleukin (IL)-6 concentration
and CRP (Cardiophase쏐 hs-CRP, Dade Behring, Inc., Newark,
Del., USA) were drawn. Peritoneal effluent from the overnight
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dwell was assayed for IL-6 and transforming growth factor
(TGF)-␤1 by ELISA (R&D Systems, Minneapolis, Minn., USA).
Total TGF-␤1 was assayed by activating the samples according to
standard protocol.
Peritoneal Equilibration Test
The transport property of the peritoneal membrane was determined by the fast PET [19], and transport status was established based on the 4-hour dialysate/plasma (D/P) creatinine and
recorded as a continuous variable. Drain volume over the 4-hour
fast PET was recorded as the ultrafiltration volume.
BIA Measurement
A multifrequency BIA device (QuadScan 4000 쏐, Bodystat,
Inc., Douglas, UK) was used to determine volume status. BIA
measurements were performed after drainage of overnight dwell
and prior to performing the PET. Four skin electrodes were placed
on the dorsum of the hand and foot on the side free from vascular
access. Three measurements at 4 frequencies (5, 50, 100 and 200
kHz) were recorded, after the patient had been supine for 15 min
as described by the manufacturer [20]. The mean of the 3 measurement values was used for analyses. Patients’ resistance, reactance, impedance and phase angle values were measured at 50
kHz and body composition was determined by Bodystat쏐 software. The impedance ratio of 5:200 kHz was calculated. ECW and
TBW volumes were calculated from regression-based equations
as per manufacturer’s software, and a ratio of ECW:TBW was determined.
Statistics
All analyses were performed with the statistical package SPSS
version 13 (SPSS, Inc., Chicago, Ill., USA). Descriptive statistics
outlining baseline characteristics included the reporting of means
and SD values for continuous variables and proportion and percentage for discrete variables. Logarithmic transformation was
undertaken for variables that were not normally distributed in
our population. Correlations are reported as the Spearman rank
correlation coefficients. Two-sided p values were calculated with
statistical significance set at alpha ^ 0.05.

Results

The average patient age was 61 years and the average
time on PD was 2.1 years. One third of the patients had
diabetes; the cohort was equally divided between low and
moderate Davies comorbidity index categories with 1 patient in the high comorbidity category. The glucose polymer solution icodextrin was being used by 68% of the PD
patients.
The average IL-6 concentration in the PD effluent in
the entire cohort was 270 8 3 pg/ml while the corresponding serum IL-6 concentration was 19 8 1 pg/ml.
The BIA measurement was repeated 3 times in each
patient. The correlation between these 3 repeated measures for both reactance and resistance was 10.99. AssoBlood Purif 2009;28:354–358
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Table 1. Significant correlations between measures of hypervol1.40

emia and inflammation/fibrosis

1.30

Measure of
hypervolemia

Markers of
inflammation and
fibrosis

Impedance ratio

IL-6 PD
TGF-␤1 PD
albumin (serum)

–0.47
–0.55
0.74

0.03
0.008
<0.0001

Phase angle (50 kHz)

IL-6 PD
TGF-␤1 PD
albumin (serum)

–0.42
–0.51
0.74

0.05
0.015
<0.0001

ECW:TBW

IL-6 PD
albumin

0.36
–0.42

0.10
0.05

D/P creatinine

IL-6 PD

0.52

0.01

Ultrafiltration volume

IL-6 PD

–0.47

0.03

1.20

1.10
R2 linear = 0.292
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Fig. 1. Correlation between impedance ratio and peritoneal TGF␤1 levels.
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Fig. 2. Correlation between impedance ratio and peritoneal IL-6
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Fig. 3. Correlation between ECW:TBW and serum albumin.
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ciations between different measures of volume status as
determined by BIA and markers of inflammation and
peritoneal injury are presented in table 1. Figures 1 and 2
show the correlation between peritoneal TGF-␤1 and IL6 levels with the impedance ratio. Serum albumin correlated inversely with volume expansion as determined by
ECW:TBW (r = –0.42, p = 0.05) (fig. 3) as well as other
BIA measurements (impedance ratio: r = 0.74, p ! 0.0001;
phase angle (50 kHz): r = 0.74, p ! 0.0001). Body mass index correlated inversely with ECW:TBW (r = –0.50, p =
0.03). In our study, D/P creatinine was associated with the
impedance ratio (r = –0.41, p = 0.05), phase angle (r =
–0.40, p = 0.06) and peritoneal IL-6 (table 1). Ultrafiltration volume correlated negatively with D/P creatinine
(r = –0.62, p = 0.003) and was also associated with peritoneal IL-6 (table 1). Neither ultrafiltration volume (r =
–0.37, p = 0.10) nor D/P creatinine (r = 0.34, p = 0.12) correlated significantly with peritoneal TGF-␤1 concentration. However, peritoneal TGF-␤1 concentration was associated with impedance ratio (r = –0.55, p = 0.008),
phase angle (r = –0.51, p = 0.015) and the use of icodextrin
(r = 0.63, p = 0.002). There was no correlation between
peritoneal TGF-␤1 concentration and years on PD.
log CRP correlated with peritoneal IL-6 (r = 0.46, p =
0.06). The Davies comorbidity score approached a statistically significant correlation with peritoneal IL-6 (r =
0.38, p = 0.08). Peritoneal IL-6 was also associated with
peritoneal TGF-␤1 (r = 0.65, p = 0.001) and the presence
of diabetes (r = 0.52, p = 0.01).
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Discussion

The main findings of this study are that the peritoneal effluent concentration of the inflammatory marker
IL-6 is associated with markers of hypervolemia and
higher peritoneal transport status. Increased PD effluent
IL-6 has been observed previously [1] and is indicative of
local intraperitoneal production of IL-6.
Of interest, we found that the peritoneal effluent TGF␤1 concentration was associated inversely with the BIA
measurements of phase angle and impedance ratio. TGF␤1 is intimately linked with peritoneal injury, fibrosis,
and impaired membrane function [21]. The association
between inflammatory markers and hypervolemia has
been previously described [16]. However, the association
between the fibrogenic cytokine TGF-␤1 and hypervolemia is intriguing. Zweers et al. [22] have demonstrated
that peritoneal effluent vascular endothelial growth factor correlated with solute transport, but TGF-␤1 did not.
Our findings are in agreement with this, in that effluent
TGF-␤1 did not correlate with solute transport. However,
TGF-␤1 may be a marker for peritoneal fibrosis, and this
may be associated with ultrafiltration dysfunction and
subsequent hypervolemia. The peritoneal effluent TGF␤1 concentration also correlated with the use of icodextrin. In this cross-sectional study, we cannot deduce
whether icodextrin directly upregulates TGF-␤1 or, more
likely, if patients with peritoneal injury and fibrosis are
preferentially treated with icodextrin to maintain ultrafiltration. Currently, there is conflicting evidence as to
the direct effect of icodextrin on peritoneal mesothelial
cells in culture [23, 24].
We used different measures of volume status since
there is debate in the literature as to the ideal bioimpedance-derived measure of volume [25]. BIA measures can
be derived from assumption-based regression equations
(ECW:TBW) or through the use of measured electrical
properties (impedance ratio, phase angle) which do not
require any physiological assumptions. A low phase angle is recognized as a surrogate marker predicting hypervolemia and death in PD patients [8]. Phase angle is
a complex number and may reflect a state of volume
overload and/or reduced body cell mass [26]. Inflammation has been found to be associated with fluid retention
[16], malnutrition [27] and hyperglycemia [28]. In our
study, phase angle (50 kHz) was associated with markers
of inflammation, peritoneal fibrosis, the presence of diabetes, and higher peritoneal transport status. Chung et
al. [17] also found that inflammation predicted death in
their cohort of PD patients. The novel association beHypervolemia, Fibrosis and
Inflammation

tween phase angle and peritoneal TGF-␤1 again reinforces the possibility that peritoneal injury and fibrosis
predispose to ultrafiltration dysfunction and volume expansion.
An association between higher peritoneal transport
status and hypervolemia was also identified, and this is
in agreement with previous studies [17]. Tzamaloukas
[29] has identified clinical correlates of hypervolemia including a high transport status and reduced ultrafiltration volume. Similar to Chung et al. [17], we noted that a
reduction in ultrafiltration volume was associated with
increased inflammation.
Proposed mechanisms to explain the association between hypervolemia and inflammation include: (1) bowel wall edema that may lead to enhanced gut permeability, and bacterial endotoxin translocation which has been
described in patients with chronic congestive heart failure [15], (2) chronic/occult infections [14], (3) suppression
of aquaporin-1 channels due to inflammation [30], and
(4) use of hypertonic bioincompatible solutions in an attempt to achieve dry weight. Exposure of peritoneal tissues to high glucose levels may lead to inflammation and
fibrosis through the action of advanced glycation end
products [31, 32].
Limitations of this study include the small sample size
and the cross-sectional observational design. Due to our
limited sample size, a multivariable analysis was not performed as such a model would be too unstable. Despite
this, interesting associations between peritoneal inflammation, fibrogenesis and hypervolemia are observed, and
further longitudinal studies are needed to determine if
inflammation predisposes to peritoneal fibrosis and volume expansion, and if this is predictive of adverse outcomes.
In conclusion, we have found that inflammatory and
fibrogenesis markers are associated with a hypervolemic
state. The potential to modify volume status renders this
an interesting area for any longitudinal study evaluation
to ascertain if a causal pathway between inflammation,
fibrosis and fluid status exists.
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