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Abstract
Background. In peritoneal dialysis (PD) approximately 40% of ultrafiltration (UF) during hypertonic dwell (mini-
PET test) occurs as free water transport (FWT) through water channels, mainly aquaporin-1. Experimental studies 
have shown that aquaporin-1 plays a role in cell migration and inflammatory response. 
Objectives. The purpose of the study was to evaluate if FWT is associated with the incidence of PD-related peri-
tonitis.
Material and Methods. Standard PET and mini-PET tests were performed on 27 patients at the onset of PD. 
Clinical data was reviewed and PET transport parameters calculated. The peritonitis rate was assessed and the 
group of patients was divided into the subgroups of peritonitis-free patients (n = 18) and patients with peritonitis 
episode (n = 9).
Results. Solute transport, measured as D/P creatinine during the PET test was significantly higher in the group of 
patients with peritonitis episode than in the group of peritonitis-free patients (0.77 ± 0.12 vs. 0.66 ± 0.11, p = 0.02). 
In the mini-PET test, there was a tendency to have higher solute transport in the group of patients with peritonitis 
episode compared to the group of peritonitis-free patients (0.61 ± 0.13 vs. 0.51 ± 0.1, p = 0.07). Ultrafiltration (mL) 
in the mini-PET test was slightly higher in the group of peritonitis-free patients (642 ± 178 vs. 488.9 ± 161.6, p = 
0.06). FWT was not different between the two groups. 
Conclusions. Higher solute transport at the start of PD may be associated with the risk of peritonitis (Adv Clin 
Exp Med 2013, 22, 1, 77–83).
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Streszczenie
Wprowadzenie. W dializie otrzewnowej (DO) około 40% uzyskiwanej ultrafiltracji w czasie wymiany z hiperto-
nicznym roztworem glukozy (test mini-PET) odbywa się na drodze transportu wolnej wody przez kanały wodne, 
głównie akwaporynę 1. W badaniach doświadczalnych wykazano, że akwaporyna-1 odgrywa również rolę w migra-
cji komórek i odpowiedzi na stan zapalny. 
Cel pracy. Ocena, czy wielkość transportu wolnej wody jest związana z częstością występowania zależnego od 
dializy zapalenia otrzewnej.
Materiał i metody. Standardowy test PET oraz mini-PET wykonano u 27 pacjentów rozpoczynających leczenie ner-
kozastępcze metodą dializy otrzewnowej. Zanalizowano dane kliniczne oraz parametry transportu w obu testach. 
Obliczono częstość występowania zapalenia otrzewnej, a grupę pacjentów podzielono na podgrupę pacjentów, 
u których nie obserwowano zapaleń otrzewnej (n = 18) i podgrupę pacjentów z zapaleniem otrzewnej (n = 9).
Wyniki. Transport, mierzony jako stosunek D/P dla kreatyniny w teście PET był znacząco większy w podgrupie 
pacjentów z zapaleniem otrzewnej niż w podgrupie pacjentów bez zapalenia (0,77 ± 0,12 vs 0,66 ± 0,11, p = 0,02). 
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The identification of aquaporins explained 
some mechanisms responsible for water transport 
across biological membranes. In mammals, 13 dif-
ferent aquaporins have been found with different 
tissue expression [1]. Aquaporin-1 (AQP-1) was 
the first identified member of the aquaporin fami-
ly, found in the human erythrocyte membrane [2]. 
Aquaporin-1 presence has been found in many 
tissues [3]. Many studies have confirmed the pres-
ence of AQP-1 in mesothelial cells, one of the lay-
ers of the peritoneal membrane [4–7].

Recent experimental studies have shown that 
aquaporin-1 may exhibit properties additional 
to the role in membrane water transport. In the 
studies of Saadoun et al., the authors showed the 
role of AQP-1 in cell migration [8]. Nishino et al. 
[9] showed that in mice with catheter-induced 
peritonitis and lacking the Aqp1 gene, the angio-
genesis and increased transport of small solutes 
was significantly lower compared to control mice 
with wild-type alleles of Aqp1. Furthermore, in 
AQP-1 (–/–) mice they observed lower inflamma-
tory response. 

Peritoneal dialysis (PD) is used in approxi-
mately 15% of the worldwide dialysis population 
[10]. Osmotically-induced ultrafiltration (UF) in 
PD during hypertonic dwell has two main com-
ponents: approximately 40% of UF occurs as free 
water transport (FWT) through endothelial water 
channels, of which AQP-1 is the most important, 
whereas 60% of UF is dependent on transport 
through small pores, which is coupled to the trans-
port of small solutes [11–14]. 

The methodology of peritoneal aquaporin-
mediated water transport assessment by La Milia 
et al. [15] is based on the principle that the fluid 
transport through the small pores is accompanied 
by sodium, whereas transcellular transport is by 
definition water-selective. Free water transport 
(FWT) is responsible for sodium sieving (i.e. the 
dip in dialysate sodium concentration in the initial 
phase of 3.86% glucose PET) because of the dilu-
tion of dialysate sodium by FWT from the circu-
lation to the dialysate. By knowing the intraperi-
toneal mass of sodium removed, small pore fluid 
transport can be determined. Then FWT can be 
easily calculated by subtracting UF through small 
pores from total UF. 

Peritonitis is a common infectious complica-
tion of PD. The influence of peritonitis on peri-
toneal fluid kinetics is regarded to be short-term 
enhanced solute transport [16]. Some studies have 
reported that recurrences of peritonitis were relat-
ed to an increase of solute transport [17]. Some au-
thors have reported that possible factors associated 
with the higher frequency of PD-related peritoni-
tis were advanced age, higher body mass index, 
presence of diabetes and baseline serum albumin 
below 3 g/dL [18–20]. Comparisons of peritonitis 
rates by PD modality (CAPD vs. APD) have pro-
duced conflicting results [21, 22]. 

The aim of the study was to evaluate prospec-
tively if the function of aquaporin-1 (assessed as 
peritoneal membrane water transport) and solute 
transport in patients starting peritoneal dialysis is 
associated with the incidence of peritonitis. 

Material and Methods
Between January 7th, 2008 and February 20th, 

2010, 27 patients were started on PD at the Perito-
neal Dialysis Center, Department of Nephrology, 
Transplantology and Internal Medicine, Szcze-
cin, Poland. All patients were started on continu-
ous ambulatory peritoneal dialysis (CAPD) using 
four 1.5–2 L (according to patient’s size) 1.36% 
glucose-based dialysates (Baxter Healthcare). In 
all patients, a twin bag connecting system was 
used. Educational training was standard and lasted 
5 days.

All patients underwent a baseline peritoneal 
equilibration test (PET), as originally described by 
Twardowski et al. [23] within 4–6 weeks after peri-
toneal dialysis onset. On the day following PET, 
all patients underwent a mini-PET (1-hour) using 
3.86% glucose solution according to La Milia et al. 
[15]. Free water transport (in mL) was calculated 
as described by La Milia et al. [15]. The ratio of di-
alysate glucose concentrations (D/D0) was calcu-
lated dividing the dialysate glucose concentrations 
at the end of the peritoneal equilibration tests with 
that of the fresh peritoneal dialysis solution. The 
dialysate/plasma creatinine concentration ratio 
(D/Pcrea) was calculated at the end of the perito-
neal equilibration tests. 

W teście mini-PET stwierdzono tendencję do wyższych wartości transportu otrzewnowego w podgrupie pacjentów 
z zapaleniem otrzewnej w porównaniu do podgrupy pacjentów bez zapalenia (0,61 ± 0,13 vs 0,51 ± 0,1, p = 0,07). 
Ultrafiltracja (mL) w teście mini-PET była nieco większa w podgrupie pacjentów bez zapalenia otrzewnej (642 ± 178 
vs 488,9 ± 161,6, p = 0,06). Transport wolnej wody nie różnił się znacząco między dwoma podgrupami. 
Wnioski. Większy transport otrzewnowy u pacjentów rozpoczynających dializoterapię otrzewnową może wiązać 
się z większym ryzykiem wystąpienia zapalenia otrzewnej (Adv Clin Exp Med 2013, 22, 1, 77–83).

Słowa kluczowe: akwaporyna-1, transport wolnej wody, dializa otrzewnowa, zapalenie otrzewnej, transport otrzewnowy.
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After PET results were obtained, some pa-
tients were transitioned to automated peritoneal 
dialysis with 4 short dwells at night and one long 
dwell during the day. Patients were followed up 
until October 31st, 2010, at which point the data 
concerning the incidence of peritonitis and time to 
first peritonitis episode were censored. The diag-
nosis of peritonitis complicating peritoneal dialysis 
was based on at least two of the following criteria: 
cloudy PD effluent, leucocytosis in peritoneal fluid 
effluent (white cell count at least 100/mm3 with 
50% of neutrophils), or positive culture of effluent. 
Peritonitis episodes were treated with the standard 
antibiotic protocol of our center and according to 
ISPD guidelines [24]. None of the study patients 
were on prophylactic antimicrobial therapy. 

All patients gave written informed consent. 
The study has been approved by the local Bioeth-
ics Committee.

Statistical Analysis
Quantitative variables were presented as mean 

± standard deviation (SD). A Mann-Whitney test 
was used to compare values of quantitative vari-
ables between groups. The Spearman rank correla-
tion coefficient (rS) was used to measure associa-
tions between quantitative variables. Qualitative 
variables were compared with a Fisher exact test. 
P-value < 0.05 was considered statistically signifi-
cant. The Statistica 9 program was used for the sta-
tistical calculations.

Results
Twenty-seven incident patients were studied 

over a total observation period of 363 patient-
months. The causes of ESRD in the study group 
were as follows: diabetes (4), glomerulonephritis 
(4), hypertension (4), unknown (7), dilated cardi-
omyopathy (1), hemolytic-uremic syndrome (1), 
obstructive nephropathy (2), systemic lupus ery-
thematosus (1), rheumatoid arthritis (1), plasma-
cytoma (1) and chronic pyelonephritis (1). 

Eighteen patients had no peritonitis episode 
(66.6%). Four patients had one peritonitis episode 
(14.8%), two patients had two episodes of perito-
nitis (7.4%), and 3 patients had 3 episodes (11.1%) 
during the follow-up period. The rate of peritonitis 
was 0.56 episodes per patient-year. Median time 
to first episode of peritonitis was 3.5 months since 
the start of PD therapy. 23.5% of the peritonitis 
episodes were culture negative. 41.2% episodes 
were due to gram-positive organisms, the remain-
ing 35.3% were gram-negative cultures.

The baseline characteristics of the study group 
are presented in Table 1.

There was no statistical association between 
age, gender, BMI, presence of diabetes, PD modal-
ity and the risk of peritonitis. The risk of perito-
nitis was slightly higher in patients using CAPD 
modality (p = 0.04).

Table 2 summarizes the peritoneal transport 
characteristics at the onset of PD treatment during 
the 2.27% PET and 3.86% mini-PET tests.

Solute transport, measured as D/P crea during 
the PET test was significantly higher in the group 
of patients with peritonitis episode than in the 
group of peritonitis-free patients (p = 0.02). In the 
mini-PET test there was a tendency to have higher 
solute transport (M_D/P crea) in the group of pa-
tients with peritonitis episode than in the group of 
peritonitis-free patients (p = 0.07). Ultrafiltration 
achieved in the mini-PET (M_UF) test had a ten-
dency to be higher in the group of peritonitis-free 
patients (borderline significance p = 0.06). FWT 
was not statistically different between the two 
groups. There was a tendency to have positive cor-
relations between the number of peritonitis epi-
sodes and parameters of transport (M_D/P crea 
and M_UF) in the mini-PET test (rS = +0.36, p = 
0.06 and rS = –0.38, p = 0.05, respectively). The 
number of peritonitis episodes also correlated 
with D/P crea (rS = +0.46, p = 0.01). There was 
a tendency to have a negative correlation between 
the number of peritonitis episodes and P_UF (rS = 
–0.36, p = 0.06).

No significant correlation was found between 
the time to peritonitis episode and CRP level (rS = 
+0.49, p = 0.17).

Analysis of the subgroup of patients with peri-
tonitis showed a correlation between the number 
of peritonitis in the given patient and CRP serum 
concentration (rS = +0.88, p = 0.002). In these 
patients there was a tendency to have a negative 
correlation between the number of peritonitis epi-
sodes and FWT (rS = –0.63, p = 0.07). 

Discussion
The results of the study show that peritoneal 

membrane transport characteristics (the transport 
of solutes and free water transport) may be associ-
ated with the risk of peritonitis in PD patients. 

Risk factors for PD-related peritonitis have 
been evaluated in many studies. Although most 
studies showed a higher peritonitis rate in older 
patients [19], a recent study [25] reported that the 
patient’s age at the start of dialysis therapy is not 
predictive of peritonitis incidence. In a recent ret-
rospective study on 330 PD patients, age, sex and 
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presence of diabetes were not associated with an 
increased risk of peritonitis [26]. These observa-
tions are consistent with the present results. 

It is emphasized that a low level of albumin 
(below 3 g/dL) at initiation of PD therapy can be 
a predictor of peritonitis [26–28]. In the present 
study, the level of serum albumin was not corre-
lated with increased risk for peritonitis. However, 
in the group of patients, the mean level of albumin 
was 37.1 ± 4.8 g/L, which is relatively higher than 
in other studies. 

Previous studies have shown an association 
between peritonitis incidence and nutrition sta-
tus [20, 29]. However, in the study by Sirivongs 
et al. [30], BMI was not associated with an in-
creased risk of peritonitis. The authors conclud-
ed that the lower prevalence of obesity in this 
population (mean BMI 22.9 ± 3.1 kg/m2) may 
explain the disparity from other studies. This 
observation may also be the explanation of the 
present results. 

Comparisons of peritonitis rates by PD mo-
dality have produced conflicting results. Studies 
dating from the 1990s reported a lower incidence 
in automated PD than in continuous ambulatory 

PD [21], but a more recent study [22] found that 
PD performed with a cycler was associated with 
a slight but significantly higher risk of peritonitis. 
In this study, using United States Renal Data Sys-
tem data, the authors evaluated peritonitis rates in 
1994 through 1997 incident CAPD (n = 9,190) and 
CCPD (n = 2,785) patients. The risk of peritonitis 
was lower for CAPD than for CCPD (relative risk, 
0.939; 95% confidence interval, 0.883 to 0.998). In-
terestingly, peritonitis during the entry period was 
also a significant factor for peritonitis rate. In our 
study, continuous ambulatory PD was associated 
with a slightly higher (p = 0.04) risk of PD related-
peritonitis. 

The PET test as the method of assessment of 
peritoneal membrane transport was first intro-
duced by Twardowski et al. in 1987 [24]. In recent 

Table 1. Characteristics of study population

Tabela 1. Charakterystyka badanej populacji

All patients
(Wszyscy  
pacjenci)

Peritonitis-free 
patients
(Pacjenci bez  
zapalenia otrzewnej)

Patients with peri-
tonitis episode
(Pacjenci z zapale-
niem otrzewnej)

p-value
(Wartość 
p)

Patients – number
(Pacjenci – liczba)
Age – years
(Wiek – lata)
Gender – males/females (%)
(Płeć – mężczyźni/kobiety)
Body mass index (kg/m2)
Diabetes – %
(Cukrzyca – %)
CAPD modality (%)
(Dializa CADO)
Duration of PD – months
(Czas trwania dializy otrzewnowej – miesiące)
RRF (mL/min/1.73 m2)
Diuresis – mL/day
(Diureza – mL/dobę)
Albumin – g/L
(Albumina – g/L)
C-reactive protein – mg/L
(Białko C-reaktywne – mg/L)
Urea – mg/dL
(Mocznik – mg/dL)
Creatinine – mg/dL
(Kreatynina – mg/dL)

27
 

44.7 ± 18.3
 

14/13 (52%/48%) 

 25 ± 4.4 
5 (19%)

 
10 (37%)

 
13.4 ± 6.5

 
8.9 ± 5.2

 
1784 ± 975

 
37.1 ± 4.8

 
7.6 ± 8.7

 
93.5 ± 35.0

 
5.4 ± 2.2

18

41.9 ± 18

10/8 (55.5%/45.5%)

24.7 ± 3.9
2 (11%)

4 (14.8%)

14.4 ± 7.4

9.0 ± 5.5

1744 ± 1097

37.6 ± 5.0

7.8 ± 9.4

97.2 ± 37.3

5.8 ± 2.4

9

50.4 ± 18.6

4/5 (44%/55.6%)

25.5 ± 5.5
3 (33%)

6 (22.2%)

11.6 ± 4.6

8.8 ± 5.0

1863 ± 725

36.1 ± 4.5

7.2 ± 7.6

86.1 ± 30.4

4.7 ± 1.7

0.27

0.69

0.70
0.29

0.04

0.35

0.82

0.94

0.37 

0.94

0.40

0.21

RRF – residual renal function.
Data is given as mean ± SD or number (percent).
p-value calculated with Mann-Whitney test for quantitative variables and Fisher exact test for qualitative variables.

RRF – resztkowa funkcja nerek.
Dane przedstawiono w formie średniej ± SD lub liczbowej (procent).
Wartość p obliczono za pomocą testu Manna-Whitneya dla zmiennych ilościowych i testu Fishera dla zmiennych jakościowych.
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years, more and more attention has been paid to 
free water transport, associated with the func-
tion of aquaporin-1 in the peritoneal membrane. 
It has been established that the higher the solute 
transport, the lower FWT [14]. The methodology 
of estimation of FWT on the basis of mini-PET 
was proposed by La Milia et al in 2005 [15]. The 
accuracy of the technique has been evaluated and 
the method is considered to be valuable in routine 
clinical practice. [31]. 

In experimental studies, it has been shown 
that apart from the role in FWT, the function of 
aquaporin-1 may be associated with peritonitis. 
Nishino et al. [9] showed that in mice with perito-
nitis and lacking the AQP-1 gene, acute inflamma-
tory response was lower, which authors related to 
lower macrophage infiltration. These observations 
may suggest that AQP-1 may play a role in leuko-
cyte recruitment during peritonitis. 

It is known that during peritonitis episode, 
solute transport through the peritoneal membrane 
temporarily increases [16, 17]. It has also been 
shown that fast transporters have lower levels of 
serum albumin, which may in turn be a result of 
higher protein loss through the dialysate [32]. Hy-
poalbuminemia may also be associated with im-
paired inflammatory response. However, in our 
study performed at the initiation of PD therapy, 
mean albumin level was at the lower border of the 
normal limit and probably did not have an effect 
on the rate of peritonitis. 

In the present study, the authors prospectively 
evaluated the influence of peritoneal membrane 
transport at the beginning of PD therapy on the 
incidence of peritonitis. In the PET test the re-
sults of initial D/P crea were significantly associ-
ated with the risk of peritonitis. In the mini-PET 
test, patients with higher solute transport were 
more predisposed to the development of perito-
nitis. In addition, there was a tendency to have 
higher ultrafiltration achieved in the mini-PET 
test in patients who in prospective observation 
were free from peritonitis episode. To authors’ 
knowledge this is the first report of such a clini-
cal association in the available literature. Interest-
ingly, in the subgroup of patients with peritonitis, 
they found a correlation between the number of 
peritonitis episodes and CRP level. There was 
also a tendency to have a higher number of peri-
tonitis episodes in patients with lower values of 
free water transport. Present results suggest that 
higher solute transport may increase the risk of 
PD-related peritonitis. These observations may 
also indirectly confirm the association between 
inflammatory response and the function of aqua-
porin-1 seen in experimental models. It has to be 
underlined, however, that these observations are 
preliminary, as the numbers of patients in the ex-
amined subgroups are small. Also, the follow-up 
period of peritonitis incidence is relatively short. 
The possible influence of free water and solute 
transport on the risk of peritonitis requires fur-
ther studies in larger cohorts of patients.

Table 2. Peritoneal transport characteristics of 27 patients during the 2.27% peritoneal equilibration test and the 3.86% mini-
peritoneal equilibration test

Tabela 2. Charakterystyka transportu otrzewnowego u 27 pacjentów w czasie testu PET z użyciem 2,27% glukozy i testu 
mini-PET z użyciem 3,86% glukozy

Parameter
(Parametr)

All patients
(Wszyscy pacjenci)

Peritonitis-free patients
(Pacjenci bez zapalenia  
otrzewnej)

Patients with peritonitis episode
(Pacjenci z zapaleniem  
otrzewnej)

p-value
(Wartość p)

M_D/P creatinine
M_UF
M_FWT
P_D/P creatinine
P_UF

 0.54 ± 0.12
590.7 ± 185
184.4 ± 89.9
 0.69 ± 0.12
  263 ± 250

 0.51 ± 0.1
  642 ± 178
196.4 ± 68.3
  0.66 ± 0.11
316.6 ± 243.1

 0.61 ± 0.13
488.9 ± 161.6
160.4 ± 70.6
 0.77 ± 0.12
155.5 ± 240.3

0.07
0.06
0.23
0.02
0.1

Data is given as mean ± SD; p-value calculated with Mann-Whitney test.
M_D/P creatinine – D/P creatinine in mini-PET test.
M_UF – ultrafiltration in mini-PET test.
M_FWT – free water transport in mini-PET test.
P_D/P creatinine – D/P creatinine in PET test.
P_UF – ultrafiltration in PET test.

Dane przedstawiono w formie średniej ± SD; wartość p obliczono za pomocą testu Manna-Whitneya.
M_D/P kreatynina – stosunek stężeń D/P dla kreatyniny w teście mini-PET.
M_UF – ultrafiltracja w teście mini-PET.
M_FWT – transport wolnej wody w teście mini-PET.
P_D/P kreatynina – stosunek stężeń D/P dla kreatyniny w teście PET.
P_UF – ultrafiltracja w teście PET.



E. Gołembiewska et al.82

References
Krane CM, Goldstein DL: [1]  Comparative functional analysis of aquaporins/glyceroporins in mammals and anurans. 
Mamm Genome 2007, 18, 452–462.
Preston GM, Agre P: [2]  Isolation of the cDNA for erythrocyte integral membrane protein of 28 kilodaltons: member 
of an ancient channel family. Proc Natl Acad Sci 1991, 88, 11110–11114.
Mobasheri A, Marples D: [3]  Expression of the AQP-1 water channel in normal human tissues: a semiquantitative 
study using tissue microarray technology. Am J Physiol Cell Physiol 2004, 286, 529–537.
Murata K, Mitsuoka K, Hirai T, Walz T, Agre P, Heymann JB, Engel A, Fujiyoushi Y: [4]  Structural determinants 
of water permeation through aquaporin-1. Nature 2000, 407, 599–605.
Nishino T, Devuyst O: [5]  Clinical application of aquaporin research: aquaporin-1 in the peritoneal membrane. Eur 
J Physiol 2008, 456, 721–727.
Yong-Lim K: [6]  Update on mechanisms of ultrafiltration failure. Perit Dial Int 2009, 29 (S2), 123–127.
Devuyst O, Yool AJ: [7]  Aquaporin-1: new developments and perspectives for peritoneal dialysis. Perit Dial Int 2010, 
30 (2), 135–141.
Saadoun S, Papadopoulos MC, Hara-Chikuma M, Verkman AS: [8]  Impairment of angiogenesis and cell migration 
by targeted aquaporin-1 gene disruption. Nature 2005, 434, 786–792.
Nishino T, van Loo G, Moulin P,  [9] Beyaert R, Verkman AS, Devuyst O: Aquaporin-1 modulates vascular prolif-
eration and inflammatory response during acute infection. J Am Soc Nephrol 2007, 18, 112A.
Grassmann A, Gioberge S, Moeller S, Brown G:[10]  ESRD patients in 2004: Global overview of patient numbers, 
treatment modalities and associated trends. Nephrol Dial Transplant 2005, 20, 2587–2593.
Parikova A, Smit W, Zweers MM, Struijk DG, Krediet RT:[11]  Free water transport, small pore transport and the 
osmotic pressure gradient. Nephrol Dial Transplant 2008, 23, 2350–2355.
Rippe B:[12]  Free water transport, small pore transport and the osmotic pressure gradient three pore model of peri-
toneal transport. Nephrol Dial Transplant 2008, 23, 2147–2153.
Sobiecka D, Waniewski J, Weryński A, Lindholm B:[13]  Peritoneal fluid transport in CAPD patients with different 
transport rates for small solutes. Perit Dial Int 2004, 24, 240–251.
Waniewski J, Stachowska-Pietka J, Debowska M, Lindholm B:[14]  Free water transport and sieving coefficient for 
sodium in peritoneal dialysis. Pol Merk Lek 2006, 122, 188–191.
La Milia V, Di Filippo S, Crepaldi M, Del Vecchio L, Dell’Oro C, Andrulli S, Locatelli S:[15]  Mini-peritoneal 
equilibration test. A simple and fast method to assess free water and small solute transport across the peritoneal 
membrane. Kid Int 2005, 68, 840–846.
Fuβholler A, Zur Nieden S, Grabensee B, Plum J:[16]  Peritoneal fluid and solute transport: influence of treatment 
time, peritoneal dialysis modality, and peritonitis incidence. J Am Soc Nephrol 2002, 13, 1055–1060.
Davies SJ, Bryan J, Phillips L, Russel GI:[17]  Longitudinal changes in peritoneal kinetics: The effect of peritoneal 
dialysis and peritonitis. Nephrol Dial Transplant 1996, 11, 498–506.
Thodis E, Passadakis P, Vargemezis V, Oreopoulos DG:[18]  Peritoneal dialysis: better than, equal to, or worse than 
hemodialysis? Data worth knowing before choosing a dialysis modality. Perit Dial Int 2001, 21, 25–35.
Holley JL, Bernardini J, Perlmutter JA, Piraino B:[19]  A comparison of infection rates among older and younger 
patients on continuous peritoneal dialysis. Perit Dial Int 1994, 14, 66–69.
McDonald SP, Collins JF, Rumpsfeld M, Johnson DW:[20]  Obesity is a risk factor for peritonitis in the Australian 
and New Zealand peritoneal dialysis patient populations. Perit Dial Int 2004, 24, 340–346.
De Fijter CW, Oe LP, Nauta JJ, van der Meulen J, Verbrugh HA, Verhoef J, Donker AJ:[21]  Clinical efficacy 
and morbidity associated with continuous cyclic compared with continuous ambulatory peritoneal dialysis. Ann 
Intern Med 1994, 120, 264–271.
Oo TN, Roberts TL, Collins AJ:[22]  A comparison of peritonitis rates from the United States Renal Data System 
database: CAPD versus continuous cycling peritoneal dialysis patients. Am J Kid Dis 2005, 45, 372–380.
Twardowski ZJ, Nolph KD, Khanna R, Prowant BF, Ryan LP, Moore HL, Nielsen MP:[23]  Peritoneal equilibration 
test. Perit Dial Bull 1987, 7, 138–147.
Piraino B, Bailie GR, Bernardini J, [24] Boeschoten E, Gupta A, Holmes C, Kuijper EJ, Li PK, Lye WC, Mujais S, 
Paterson DL, Fontan MP, Ramos A, Schaefer F, Uttley L: ISPD guidelines/recommendations. Peritoneal dialy-
sis-related infections recommendations: 2005 update. Perit Dial Int 2005, 25, 107–131.
Chow KM, Szeto CC, Leung CB, Law MC, Li PK: [25] Impact of social factors on patients on peritoneal dialysis. 
Nephrol Dial Transplant 2005, 20, 2504–2510.
Lobo JVD, Villar KR, Junior MPA, Bastos KA:[26]  Predictor factors of peritoneal dialysis-related peritonitis. J Bras 
Nephrol 2010, 32, 156–164.
Wang Q, Bernardini J, Piraino B, Fried L:[27]  Albumin at the start of peritoneal dialysis predicts the development 
of peritonitis. Am J Kidney Dis 2003, 41, 664–669.
Chow KM, Szeto CC, Leung CB, Kwan BC, Law MC, Li PK:[28]  A risk analysis of continuous ambulatory peritoneal 
dialysis-related peritonitis. Perit Dial Int 2005, 25, 374–379.
Lee HY, Kim YK, Kang SW, Lee HW, Choi KH, Han DS:[29]  Influence of nutritional status on CAPD peritonitis. 
Yonsei Med J 1990, 31, 65–70.
Sirivongs D, Pongskul C, Keobounma T, Chunlertrith D, Sritaso K, Johns J:[30]  Risk factors of first peritonitis 
episode in Thai CAPD patients. J Med Assoc Thai 2006, 89, S138–S145.



Solute Transport and Peritonitis 83

Venturoli D, Rippe B:[31]  Validation by computer simulation of two indirect methods for quantification of free water 
transport in peritoneal dialysis. Perit Dial Int 2005, 25, 77–84.
Cueto-Manzano AM:[32]  Rapid solute transport in the peritoneum: physiologic and clinical consequences. Perit Dial 
Int 2009, 29, 90–95.

Address for correspondence:
Edyta Gołembiewska
Department of Nephrology, Transplantology and Internal Medicine
Pomeranian Medical University
Al. Powstańców Wielkopolskich 72
70-111 Szczecin
Poland
Tel./fax +48 91 466 11 96
E-mail: irys@sci.pam.szczecin.pl 

Conflict of interest: None declared

Received: 15.11.2011
Revised: 13.09.2012
Accepted: 11.02.2013


