
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Effects of inflammation and infection on peritoneal transport

van Esch, S.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
van Esch, S. (2014). Effects of inflammation and infection on peritoneal transport. [Thesis,
fully internal, Universiteit van Amsterdam]. Boxpress.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/effects-of-inflammation-and-infection-on-peritoneal-transport(4d2ee0be-d4d8-41d0-99fc-c5d162a3ffc4).html


-

-

-

-

- -
-

- -

-

- -

-
-



EFFECTS OF INFLAMMATION AND INFECTION  
ON PERITONEAL TRANSPORT

Sadie van Esch 



Effects of inflammation and infection on peritoneal transport
PhD thesis, University of Amsterdam, the Netherlands
ISBN  978-94-6295-005-4

© 2014 Sadie van Esch, the Netherlands
All rights reserved. No part of this thesis may be produced, stored or transmitted in 
any form or by any means, without prior permission of the author. 
Online: http://dare.uva.nl/dissertaties

Cover design: Proefschriftmaken.nl || Uitgeverij BOXPress
Printed & Lay Out by: Proefschriftmaken.nl || Uitgeverij BOXPress
Published by: Uitgeverij BOXPress, ‘s-Hertogenbosch

The studies presented in this thesis have been prepared and conducted at the 
Department of Internal Medicine, Division of Nephrology, Academic Medical Center 
– University of Amsterdam, The Netherlands. 

The following companies are gratefully acknowledged for providing financial support 
for the printing of this thesis:
Amgen Nederland B.V., Baxter Nederland B.V., Fresenius Nederland B.V., Roche 
Nederland B.V., Sanofi Nederland B.V., Shire Nederland B.V. and the University of 
Amsterdam. 



EFFECTS OF INFLAMMATION AND INFECTION  
ON PERITONEAL TRANSPORT

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnificus

prof. dr. D.C. van den Boom

ten overstaan van een door het college voor promoties ingestelde

commissie, in het openbaar te verdedigen in de Agnietenkapel

op woensdag 17 december 2014, te 12.00 uur

door 

Sadie van Esch 

geboren te  Waalwijk



PROMOTIECOMMISSIE

Promotor: Prof. dr. R.T. Krediet

Copromotor: Dr. D.G. Struijk

Overige leden: Dr. M.G.H. Betjes
 Dr. E.J. Goffin 
 Prof. dr. J.J. Homan van der Heide
 Prof. dr. J.B.L. Hoekstra
 Prof. dr. M.D. de Jong
 Prof. dr. J.M. Prins
 Dr. P.L. Rensma

Faculteit der Geneeskunde

 



5

CONTENTS

Chapter 1 General introduction 7
1. End stage renal disease and therapeutic options 8
2. Peritoneal dialysis 8
3. Peritoneal membrane 9

3.1 Anatomy
3.2 The peritoneal membrane as transport barrier

4.  Peritoneal transport 10
4.1 Measurement of peritoneal transport, Standard Peritoneal 

permeability Analysis (SPA)
4.2 Small solutes
4.3 Large solutes
4.4 Fluid transport

5. Changes of the peritoneal membrane with time on PD 13
6. Changes of the peritoneal membrane during peritonitis 14
7. Peritonitis 15

7.1 Definition and diagnosis
7.2 Pathogens and routes of entry
7.3 Treatment
7.4 Incidence and prevention
7.5 Outcome

8. Aim and outline of the thesis 19

Part I Peritoneal transport

Chapter 2 Determinants of peritoneal solute transport rates in newly 
started non-diabetic peritoneal dialysis patients 31

Chapter 3 Peritoneal membrane failure in peritoneal dialysis patients 47

Chapter 4 Free water transport in patients starting with peritoneal 
dialysis: a comparison between diabetic and  
non-diabetic patients 57

Chapter 5 The first peritonitis episode alters the natural course of 
peritoneal membrane characteristics in peritoneal  
dialysis patients  67



6

Chapter 6 The mutual relationship between peritonitis and peritoneal 
transport 85

Chapter 7 The natural time-course of membrane alterations during 
peritoneal dialysis is partly altered by peritonitis  105

Part II Peritonitis in peritoneal dialysis patients

Chapter 8 32-years’ experience of peritoneal dialysis-related peritonitis 
in a  university hospital 127

Chapter 9 Prognostic factors for peritonitis outcome; a review  
of the literature 143

Chapter 10 General discussion 155

Chapter 11 Summary and conclusions / Samenvatting en conclusies 171

Chapter 12 Appendices 181

  List of publications
  PhD portfolio
  Dankwoord
  List of frequently used abbreviations
 



7

ChAPTER 1

General introduction



8

Chapter 1

1. END STAgE RENAL DISEASE AND ThERAPEuTIC OPTIONS

When a patient reaches end-stage renal disease, pre-emptive kidney transplantation 
from a living donor is the preferred therapeutic option. When this is not possible, a 
choice between hemodialysis (HD) or peritoneal dialysis (PD) has to be made. This can 
be based on medical reasons or on patients’ preference. In the Netherlands about 
two thirds of new dialysis patients can make a choice between the two treatment 
modalities (1). They are assisted in this difficult decision by a specialized pre-dialysis 
team, consisting of the internist-nephrologist treating the patient, a dialysis nurse, a 
dietician, and a social worker.
 There are some advantages of PD compared to HD. Patient survival is better, 
at least in the first 3 years (2). Also residual renal function is better preserved (3), 
which is an important determinant of patient survival (4). Also, some studies suggest 
that PD is less intrusive on the lives of the patients and provides higher degree of 
patient satisfaction compared with HD (5). Besides these statistical data and those 
from patient studies, it is well-known that the rapid changes in fluid and solute 
status during HD are often poorly tolerated and may lead to hypotension and a 
disequilibrium between blood and cerebrospinal fluid, causing headache during and 
after a session.
 However, PD has a relatively high rate of technique failure when compared 
to hemodialysis. A recent study (6) in 709 incident PD patients participating in the 
Netherlands Cooperative Study on the Adequacy of Dialysis, showed that in the 
first three months of PD, abdominal and catheter problems were the main reason 
for transfer to HD. After the first three months, reasons to switch to HD are most 
frequently caused by infectious complications like peritonitis, exit-site and catheter-
tunnel infections. Infection prevention and optimization of peritonitis treatment are 
therefore important aims in the care for PD patients. 

2. PERITONEAL DIALySIS 

The use of PD for patients with end-stage renal disease started in the sixties of the 
last century and was originally performed intermittently, similar to HD. It never 
became popular due to its insufficiency compared to HD until 1976, when Popovich 
and Moncrief published about Continuous Ambulatory Peritoneal Dialysis (CAPD) as 
a treatment modality for chronic renal failure (7).
 Before CAPD can be started, insertion of a permanent catheter into the 
abdominal cavity is necessary. Through this catheter, 1.5-2.5 liters of dialysis fluid is 
instilled by gravity into the abdominal cavity. This fluid contains electrolytes, a buffer, 
which is usually lactate and high concentrations of glucose to remove excess fluid by 
crystalloid osmosis. Uremic waste products are mainly removed from the circulation 
by diffusion to the dialysate. After about 4 hours an equilibrium between plasma 
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and dialysate is reached for urea. At that time the dialysate is usually drained and 
replaced with fresh fluid. This procedure has to be repeated three to five times a day. 
 An alternative for CAPD, is APD, Automated Peritoneal Dialysis, introduced in 
the 1980s, in which dialysis exchanges are performed by a machine during the night. 

3. PERITONEAL MEMbRANE

3.1. Anatomy 

The surface area of the peritoneum averages 0.55 m2 in adults (8). The part that 
covers the internal organs, is called the visceral peritoneum, the part that overlays 
the inner abdominal wall, is the parietal peritoneum. The space between the 
facing surfaces of the visceral and parietal peritoneum is the peritoneal cavity. 
The peritoneal membrane is composed of three layers, including the peritoneal 
mesothelium, interstitium and the capillary endothelium. 

3.2. The peritoneal membrane as transport barrier

The mesothelium is a monolayer of cells and does not constitute a major barrier to 
solute or water transport across the peritoneum (9). Mesothelial cells are secretory 
cells, producing substances for host defense, and lubricants, to prevent friction of 
serosal surfaces (10). These cells also secrete a number of substances, like various 
cytokines (11;12), vascular endothelial growth factor (VEGF) (13) and cancer antigen 
125 (CA125), a glycoprotein, which can be considered as a marker of mesothelial cell 
mass or turn-over (14).
 The interstitium is an orderly structure of collagen fibers that are attached 
to cells by adhesion molecules (15). It contains capillaries, venules and lymphatics. 
The restrictive ability of the interstitium to transport is not clear. It is possible that the 
interstitium adds some additional barrier and slows the diffusion of solutes from the 
blood to the dialysate (16). 
 According to the three-pore model of peritoneal transport based on 
computer simulations, the capillary endothelium contains three different-sized pore 
systems. These are size-selective in restricting solute transport (Figure 1) (17-19). 
The majority consists of interendothelial pores that are involved in solute transport. 
Besides, ultra small transcellular pores are present in capillary and venular endothelial 
cells. These have a radius of < 5 Å and are only permeable to water, not to solutes and 
electrolytes. Therefore they allow free-water transport during crystalloid osmosis. 
These pores have been identified as the water channel aquaporin-1 (AQP-1) (20;21). 
Small pores, with radii of 40-50 Å constitute the majority of intercellular pores, 
through which small solutes and water pass. Interendothelial clefts are probably the 
anatomical equivalent of the small pores (22). A small number of large pores with 
radii of > 150 Å, allow the passage of macromolecules, like serum proteins. Venular 
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interendothelial gaps, which can be induced by local application of some vasoactive 
substances, like histamine (23;24) are probably the morphological representation.

Figure 1. Three pore model, by courtesy of R.T. Krediet.

4. PERITONEAL TRANSPORT

Peritoneal dialysis allows solute and water transport. Diffusion and, to a lesser 
extent, convection are the mechanisms involved in the transport of solutes. 
Diffusive transport is based upon a difference in solute concentrations between 
two compartments that are separated by a membrane. In PD these compartments 
are the blood and the dialysate filled peritoneal cavity. The term free diffusion is 
used, when a membrane does not offer size-selective hindrance to solute transport. 
In this situation the peritoneal clearance will have a power relationship with the 
free diffusion coefficient in water (25). When a membrane offers additional size-
selective hindrance to solutes, this is called restricted diffusion. Convective transport 
is determined by the ultrafiltration rate occurring through the membrane, the solute 
concentration within the membrane and the reflection coefficient of the solute. 
The reflection coefficient ranges from 0 (the solute can pass the membrane without 
hindrance and therefore has no osmotic effect) to 1.0 (the solute cannot pass the 
membrane, making it an ideal semipermeable membrane).
 Water transport is induced by hydrostatic, colloid- and crystalloid osmotic 
forces. The latter are determined by the osmotic gradient provided by the dialysis 
solution and the reflection coefficient of the osmotic agent.
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4.1. Measurement of peritoneal transport, Standard Peritoneal permeability 

Analysis (SPA)

The effective surface area of the peritoneal membrane is determined by the 
splanchnic blood volume, the number of perfused peritoneal capillaries and the 
contact between these capillaries and the mesothelium (26). This is not a static, 
but a dynamic event, depending on the amount of instilled dialysate (27) and the 
production of vasoactive substances, as during peritonitis (28). Peritoneal blood flow 
is not an important parameter (29). The intrinsic permeability represents the size 
selectivity of the peritoneal membrane. Functional tests have been developed to 
assess the surface area and permeability of the membrane. The International Society 
of Peritoneal Dialysis recommends a standardized peritoneal equilibration test (PET) 
with a 3.86% glucose solution during a four hour dwell, to determine the transport 
characteristics of the peritoneal membrane (30). These data can be used to tailor 
the dialysis prescription for a certain PD patient. It measures small solute transfer, 
including dialysate Na+ after one hour, and net ultrafiltration. The dialysate/plasma 
ratio of creatinine (D/Pcreat) at the end of the procedure, and the dialysate 240 min/
initial dialysate ratio of glucose (Dt/D0) are calculated and are used as parameters 
of solute transport. As an alternative for the PET, in the Academic Medical Centre 
in Amsterdam a standard peritoneal permeability analysis is done (31) on a yearly 
basis. This is a more sophisticated way to assess peritoneal function. It uses 
intraperitoneally administered dextran 70, that serves as a volume marker, to study 
fluid kinetics during a 4 hours dwell. This allows the calculation of fluid kinetics in 
detail: net ultrafiltration, transcapillary ultrafiltration, effective lymphatic absorption, 
free water transport and residual volume. Other SPA measurements include the mass 
transfer area coefficient (MTAC) of creatinine, the percentage of glucose absorption 
and peritoneal clearances of a variety of serum proteins: β2-microglobulin, albumin, 
IgG and α2-macroglobulin. From these clearances a restriction coefficient to 
macromolecules (RC) can be calculated, which represents the size-selectivity of the 
peritoneal membrane, i.e. the average large pore radius (32). 

4.2. Small solutes

The rate of diffusion is determined by the product of the MTAC (the maximum 
theoretical clearance by diffusion at time zero) and the concentration gradient. As 
the latter decreases during a dwell due to saturation of the dialysate, the diffusion 
rate of urea and creatinine also decreases during a dwell. The transport of these low 
molecular weight (MW) solutes occurs mainly by diffusion, and is not hampered by 
the size selectivity of the peritoneal membrane. Therefore, the MTAC of a small solute 
represents the vascular peritoneal surface area. Changes in the vascular peritoneal 
surface area can be either functional (more perfused capillaries) or anatomic (more 
capillaries present).
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4.3. Large solutes

Diffusion of solutes across the peritoneum is a size-selective process. Therefore, 
the transport of small molecules is mainly diffusive, whereas convective transport 
becomes more important with increasing molecular weight (33;34). Convective 
transport of macromolecules by a hydrostatic pressure gradient has been assumed 
in studies performed in the isolated hind-leg model in dogs (34), but evidence for 
this mechanism has never been obtained in PD (35). In-vitro studies suggest that 
combinations are also possible (36). Regardless of the mechanism involved, the 
intrinsic permeability to macromolecules, can be obtained by the construction 
of a peritoneal transport line. This can be calculated, based on the least squares 
regression analysis of the D/S ratio of the serum proteins, β2-microglobulin (MW 
11.8 kDA), albumin (MW 69 kDa), IgG (MW 150 kDa) and α2-macroglobulin (MW 
820 kDa) and their molecular weights when plotted on a double logarithmic scale 
(25;32;37). The slope of this line represents the restriction coefficient. A restriction 
coefficient of 1.0 implies that the diffusion rates of solutes are determined by their 
free diffusion in water. A higher RC implies a size selective barrier. The higher the RC, 
the lower the intrinsic permeability. The RC for macromolecules is 2.37, based on 
the peritoneal clearances of the aforementioned serum proteins (32). This means 
a restricted diffusion from the circulation to the peritoneal cavity. In comparison, 
the RC for small solutes is 1.24 (32). It implies that the transport of small solutes 
occurs mainly by diffusion, with only minimal restriction of the size selectivity of the 
peritoneal membrane.

4.4. Fluid transport

Fluid transport during PD is determined by hydrostatic and osmotic pressure, and 
also by lymphatic drainage. The transcapillary ultrafiltration (UF) rate is dependent 
on the hydraulic permeability of the peritoneum, its effective surface area, and the 
hydrostatic, colloid osmotic, and crystalloid osmotic pressure gradients. Without the 
intraperitoneal administration of an osmotic agent, the colloid osmotic pressure in 
the capillaries is higher than the transcapillary hydrostatic pressure, resulting in fluid 
reabsorption in the capillaries (38;39). In order to prevent this, and to produce net 
ultrafiltration in PD patients, an osmotic agent in the dialysate is necessary. Glucose is 
used as osmotic agent in PD. The resistance of the membrane to glucose determines 
the potency of glucose to act as an osmotic agent. This is expressed as the osmotic 
reflection coefficient. A value of 0 means free passage of the membrane and 1 means 
total hindrance (ideal semi-permeable membrane). Glucose has a molecular radius 
of only 2.9 Å. It is known that the reflection coefficient of glucose is almost 1 over 
the water channels, and 0.02-0.05 over the small pores (40;41). Due to the small 
size of glucose, the reflection coefficient over the large pores is negligible. Because 
of this, the water channels are responsible for 40-50% of fluid removal with a 3.86% 
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glucose solution, even though the number of aquaporins is markedly lower than 
the amount of small pores. At the start of the dwell the osmotic pressure is highest, 
leading to osmotically driven free water transport through the aquaporins. This 
results in dilution of the dialysate and dissipation of the osmotic gradient (42;43). 
In addition, glucose is absorbed from the dialysate, with an average of 61% of the 
instilled quantity during a 4-hour dwell (44). As a consequence, the transcapillary UF 
rate is highest at the start of dialysis and decreases during the dwell. 
 Lymphatics in the diaphragm form a specialized system that drain fluid from 
the peritoneal cavity and return it to the vascular system. The net UF volume at 
the end of a PD exchange equals the transcapillary ultrafiltration minus lymphatic 
absorption during the exchange. The lymphatic absorption in humans can only be 
measured with indirect measures. In the SPA, dextran 70 is used as an intraperitoneally 
administered macromolecular tracer, assuming that the tracer is removed from the 
peritoneal cavity by lymphatic absorption through the subdiaphragmatic lymphatics 
and by lymphatics that drain the interstitium. The disappearance rate of this tracer is 
constant in time (45) and independent on molecular size (46). The disappearance rate 
of this tracer from the peritoneal cavity can be applied as functional characterization 
of the effective lymphatic absorption rate. 
 Free water transport, i.e. through the ultra small transcellular water channels 
can be measured by the decrease of dialysate sodium that occurs during the initial 
part of a 3.86% glucose dialysis dwell. This dilution phenomenon, caused by the 
transport of water without solutes is called sodium sieving. Its magnitude can be 
used as a measure of AQP-1 function. La Milia et al. were the first to use this principle 
(47). The method has been sophisticated by Smit et al.(48). In short: at different 
time points intraperitoneal volume and sodium concentration are assessed, to make 
it possible to calculate total sodium transport. By subtracting this transport (which 
must have occurred through the small pores) from the total fluid transport, free 
water transport through the ultra-small pores remains (because sodium cannot pass 
through these pores). Free water transport is usually expressed as its quantity during 
the first hour of a 3.86% glucose exchange.

5. ChANgES OF ThE PERITONEAL MEMbRANE wITh TIME ON PD

Dysfunction of the peritoneal membrane is an important reason for drop-out in 
long-term PD patients. The continuous exposure to glucose-based dialysis solutions 
has been thought to lead to epithelial-to-mesenchymal transition (EMT), which 
occurs in the first two years of PD therapy (49). In this process, mesothelial cells are 
transformed into myofibroblasts (13). After at least two years of PD therapy, but often 
at a later stage, structural changes can occur in some patients (50). These alterations 
consist of vasculopathy, neo-angiogenesis (51;52), denudation of the mesothelial cell 
layer (52;53) and fibrosis (52;54;55). The severity of vasculopathy and the number 
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of peritoneal vessels correlate with the amount of fibrosis (51;52). Our group has 
speculated that these changes are caused by glucose-induced pseudohypoxia, which 
stimulates the growth of fibrotic tissue through the formation of vascular endothelial 
growth factor (VEGF) (56). These alterations do not occur in every PD patient to the 
same extent. 
 Several functional changes of the peritoneal membrane can occur with 
time on PD. One of them is an increase in small solute transport and a concomitant 
decrease in net ultrafiltration. It is likely that the increase in small solute transport is 
due to an increase in the number of peritoneal vessels over time (57-60). This leads to 
an increase of the effective peritoneal vascular surface area with a rapid dissipation 
of the osmotic gradient, and consequently a decrease in net ultrafiltration. There are 
few studies about the effect of long-term PD on large solute transport. Two studies 
showed a decrease of large solute transport with time on PD, reflected by an increase 
of the restriction coefficient to macromolecules (61;62). This indicates a decrease 
of the intrinsic permeability of the peritoneal membrane with the duration of PD, 
which may be caused by the development of interstitial fibrosis. In the literature 
inconsistent results have been reported for the effect of long-term PD on lymphatic 
absorption; one study found higher values of the effective lymphatic absorption rate 
(ELAR) (63), while others found no time-trend for the ELAR (64;65).
 The most common and serious complication in long-term PD patients is 
ultrafiltration failure, expressed as a decrease in net ultrafiltration. Net ultrafiltration 
of less than 400 mL after a four hour dwell with a 3.86% glucose solution, is considered 
as ultrafiltration failure, according to the ISPD definition (30). The most frequent 
cause is the presence of a large vascular surface area, characterized by a high MTAC 
creatinine (59), as prescribed above. The second important cause is impaired free 
water transport, leading to a decreased osmotic conductance to glucose (43;66). 
Osmotic conductance to glucose is the product of the peritoneal ultrafiltration 
coefficient (LpS: the product of liquid permeability (Lp) and the peritoneal surface 
area (S)) and the reflection coefficient of glucose (σ) (41). Sigma is to a large extent 
determined by AQP-1 function. Therefore a reduced osmotic conductance to glucose 
will manifest itself as a decrease in free water transport and therefore to less sodium 
sieving. Furthermore, a high effective lymphatic absorption rate can be the cause of 
ultrafiltration failure (67;68). This usually is an early event in PD and will often lead to 
its discontinuation.

6. ChANgES OF ThE PERITONEAL MEMbRANE DuRINg PERITONITIS

During peritonitis vasoactive substances (28), such as prostaglandins and cytokines 
are secreted, and the activity of NO-synthase is up-regulated (69-72), leading to 
vasodilation and an increased number of perfused peritoneal capillaries. This results 
in a functional increment of the peritoneal vascular surface area, represented by 
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higher solute transport rates (73). The absorption of glucose from the peritoneal 
cavity increases and net UF is lower. Despite the lower net UF caused by fast solute 
transport, the osmotic conductance to glucose is unaltered, and therefore no decrease 
of free water transport is present (74). The increment of the vascular surface area is 
evidenced by an increase in the transcapillary ultrafiltration rate in the first minutes 
of a dwell during peritonitis (70). Furthermore, vasodilation leads to a reduced size-
selectivity, resulting in a decreased restriction coefficient to macromolecules (28).
Study results about changes in lymphatic absorption during peritonitis are equivocal; 
some authors report an increase (73;75), while others found no differences (70). 
 The discussed changes in peritoneal transport during peritonitis are a 
transient phenomenon and return to normal within a few weeks after recovery from 
the infection (28;73). 
 Besides these functional changes, morphological alterations occur during 
peritonitis. At the surface of the peritoneal membrane mesothelial defoliation and 
fibrin depositions have been found (76). Submesothelial edema, stromal irregularity 
of collagen bundles, fibrosis, and increased microvascular density have been found in 
the deeper layers of the peritoneum (54;55;76;77). These effects during peritonitis 
have been observed in peritoneal biopsies taken when catheter removal was 
performed in patients with treatment-resistant peritonitis. Normally, uncomplicated 
peritonitis does not lead to catheter removal. This implies that the morphological 
changes may be less severe in this situation. CA125 levels have been found to be 
somewhat increased in the acute phase of peritonitis, indicating acute damage to 
the mesothelium by the infection. This is followed by a second increase after 4-6 
days, likely indicating healing by remesothelialization. After recovery from peritonitis 
CA125 levels are similar to those in stable CAPD patients, indicating complete 
mesothelial healing after uncomplicated peritonitis (78).

7. PERITONITIS

7.1. Definition and diagnosis

The usual symptoms of peritonitis are cloudy fluid and abdominal pain, but the 
presentation can vary widely (79). Also dialysate leukocytosis can be absent or 
delayed (80). Therefore, one should be aware of the possibility of peritonitis in all 
PD patients presenting with one of these symptoms. The degree of severity is also 
dependent on the causative organism and the etiology of peritonitis. Episodes caused 
by skin organisms, such as coagulase-negative Staphylococci are generally milder 
than peritonitis caused by S. aureus, Streptococcus, Gram-negative bacteria or fungi 
(81). Fecal peritonitis due to bowel perforation often presents with severe symptoms 
(82). Commonly used criteria for the diagnosis of peritonitis are 1) cloudy fluid; 2) 
dialysate with blood cell count >100/μL; 3) polymorphonuclear cells >50%; and 4) a 
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positive culture (83). Under normal conditions the peritoneum contains not many 
polymorphonuclear cells. Consequently, a percentage of more than 50%, is indicative 
for peritonitis, even if the absolute white cell count does not reach 100 cells/μL. To 
lower the incidence of culture-negative peritonitis, the number of bacteria brought 
into culture should be high. Therefore, the dialysate should be centrifuged and to 
further increase the sensitivity, it should be cultured using blood culture media. 
Besides cultures, a Gram stain of the dialysate should be performed. Gram’s stain 
is especially useful in the diagnosis of Gram-negative organisms, for Gram-positive 
organisms the sensitivity and specificity are lower (84). However, Gram’s stain may 
indicate the presence of yeast. Because fungal cultures might take longer to become 
positive, Gram’s stain can allow prompt initiation of antifungal therapy.

7.2. Pathogens and routes of entry

PD peritonitis is commonly caused by a single positive organism (85-88). Most often 
this is due to contamination with Gram-positive skin flora during the exchange, so 
called ‘touch contamination’. Staphylococcus epidermidis and Staphylococcus aureus 
are cultured in the majority of these cases. Because PD patients have to perform 
several exchanges a day, it is not surprising that in most series Gram-positive 
peritonitis accounts for around 50% of the peritonitis episodes. 
 Gram-negative peritonitis can develop due to touch contamination, exit-site 
infection, or translocation from the bowel as a result of constipation, diverticulitis or 
colitis. Gram-negative bacteria account for 20-30% of all PD-related peritonitis (89). 
Peritonitis with more than one Gram-negative organism and/or anaerobic peritonitis 
suggests bowel perforation (82). Polymicrobial peritonitis with Gram-positive 
organisms can be the consequence of touch contamination or catheter infection 
(90). 
 Fungi are the cause of PD peritonitis in 1-13% of the episodes, and carry a 
high morbidity and mortality (91). Most fungal infections are due to Candida species, 
especially C. albicans and C.parapsilosis. The reasons for contamination of the 
dialysate with fungi are touch contamination, catheter infections, transmigration of 
fungi across the bowel wall into the peritoneum, intestinal perforation, and fistulae 
from the vagina to the peritoneum.
 Mycobacterium peritonitis is rare. The clinical presentation is indistinguishable 
from non-tuberculous bacterial peritonitis. One should be aware of it when the 
patient is living in an endemic-area and has a culture-negative refractory peritonitis 
(92).

7.3. Treatment

When peritonitis is suspected, and Gram’s stain and cultures are taken, antibiotic 
therapy should be started promptly. Empiric antibiotics must cover both Gram-
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positive and Gram-negative organisms. For Gram-positive coverage either a first 
generation cephalosporin or vancomycin can be used, for the Gram-negative coverage 
either a third-generation cephalosporin or an aminoglycoside will prove suitable. 
The International Society of Peritoneal Dialysis (ISPD) recommends center specific 
selection of empiric therapy, dependent on the local history of organisms and their 
sensitivities (93). The preferred route of antibiotic administration is intraperitoneal, 
because this is often more effective than intravenous dosing for treating peritonitis 
(94). Moreover, it allows a patient who does not need hospitalization to be treated 
at home. When culture results are known, the antibiotic treatment can be adjusted 
to narrow-spectrum agents, according to the resistance of the causative organism. 
 Most patients with PD-related peritonitis will show clinical improvement 
within 48 hours after initiating treatment. When there is no clinical improvement, 
cell counts and cultures should be repeated. In addition, reevaluation for the 
existence of an exit-site or tunnel infection, or intra-abdominal abscess should be 
done. If peritonitis coexists with an exit-site or tunnel infection, catheter removal 
should be considered. In general, catheter removal is advised when there is no 
clinical improvement after 5 days of appropriate antibiotic therapy (93). 
 The duration of the antibiotic therapy depends on the causative organism. 
In the case of S. epidermidis and culture-negative peritonitis, 14 days of therapy will 
be sufficient. With S. aureus, Enterococcus and Gram-negative organisms, 21 days of 
treatment is advised. The ISPD states that ideally repeated cell counts and cultures 
of the effluent should guide the duration of  therapy. 

7.4. Incidence and prevention

A guideline by the International Society of Peritoneal Dialysis states that a center’s 
peritonitis rate should be no more than 1 episode every 18 months (93). In the early 
days of PD, patients had peritonitis, on average, every 10 weeks (95). In the 1980s, 
the use of a Y-set disconnect system, and the ‘flush before fill´ technique, led to a 
dramatic decrease in the peritonitis rate to one episode in every 33 patients-months 
(96;97). With this technique, some fresh dialysate is washed out into the drainage 
bag, flushing out any bacteria that might have contaminated the tubing at the time 
of the connection. The next step is drainage of the dialysate into the empty bag, 
followed by filling of the abdominal cavity with the new solution. 
 In an attempt to further diminish the incidence of PD related infections, the 
use of prophylactic measures has been implemented in clinical patient care. The 
use of prophylactic antibiotics at the time of insertion of the PD catheter is one of 
these measures. A single dose of intravenous antibiotic administered before the 
catheter placement, decreases the risk of subsequent infection. A first-generation 
cephalosporin has been most frequently used for this purpose. However, a randomized 
trial found evidence that vancomycin might be more effective than cephalosporin in 
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preventing peritonitis after catheter insertion (98). The disadvantage of intravenous 
vancomycin is that it must be administered slowly in order to reduce the risk of 
ototoxicity and to avoid an infusion reaction known as the ‘red man syndrome’, 
which makes it less attractive for use in daily clinical practice. 
 Several studies have shown that S. aureus nasal carriage increases the risk 
of peritonitis as well as exit-site and tunnel infections (99-101). In 2010, Xu et al. 
published a systemic review of studies that compared mupirocin treatment with 
placebo or no treatment. In this study topical mupirocin treatment, intranasal or at 
the exit-site, was effective in preventing exit-site infection and peritonitis (102). In a 
multi-center double-blind randomized clinical trial, Bernardini et al. (103) compared 
mupirocin to gentamicin cream applied daily to the exit site. Gentamicin cream was 
as effective as mupirocin in preventing S. aureus infections. Furthermore, gentamycin 
reduced Pseudomonas aeruginosa and other Gram-negative catheter infections and 
reduced peritonitis by 35%, especially Gram-negative organisms.
 Highly inconsistent data have been reported about the use of biocompatible 
solutions compared to conventional solutions and the effect on peritonitis incidence. 
The results of the first randomized longitudinal clinical study with a biocompatible 
solution were equivocal (104). In the 6 months study duration no difference in 
peritonitis incidence was found between the biocompatible- and the conventional 
patient group, but after extension of the study in a limited number of patients, the 
peritonitis rate was lower in the biocompatible- than in the conventional group. A 
number of subsequent, mainly retrospective observational studies reported varying 
results. These have been summarized until 2011 by Garcia-Lopez et al. (105). 
Since then two studies from Australia/New Zealand have been published. First 
a prospective randomized controlled study, which showed a reduced peritonitis 
incidence in the patients treated with biocompatible solutions (106), but second 
a large registry analysis reported the opposite (107). However, the last study is 
difficult to interpret, because the use of biocompatible solutions was recorded at 
only one time point, the groups were already different at baseline, and the use of 
biocompatible dialysis solutions showed a decrease instead of the increase that is 
found in most studies. Recently, Cho et al. performed a systematic review about this 
issue. That review showed that the use of biocompatible solutions did not result in a 
decline in peritonitis episodes (108). 

7.5. Outcome

Most peritonitis episodes resolve with antibiotics; percentages from 60-90% are 
reported in the literature (85;106;109). The cure rate is higher when there is no 
simultaneously tunnel- or exit-site infection (110). The causative organism is also of 
importance. In comparison with Gram-positive organisms, catheter removal rates 
are higher with peritonitis caused by Gram-negative organisms or fungi (111-113). 
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Abdominal wall- or intra-abdominal abscess formation is a rare complication (<1%) 
of peritonitis (114). Drainage of the abscess is indicated. Peritonitis is a major cause 
of temporary or permanent transfer to hemodialysis (technique failure). In a recent 
Dutch multicenter study, peritonitis accounted for 10-18% of technique failure 
during the first three years of PD (6). Death occurs in 1-6% of episodes (85;109;115). 
For peritonitis due to Gram-negative organisms (4-10%) and fungi (20-45%), the 
mortality rate is significantly higher (106;111;113;115-117). 

8. AIM AND OuTLINE OF ThE ThESIS 

Structural and functional integrity of the peritoneum is of crucial importance for 
successful peritoneal dialysis. Glucose based dialysis solutions, chronic inflammation 
and infection of the peritoneal membrane are potential enemies for the quality of 
this biological membrane.                               
 The aim of this thesis was to analyze the effect of inflammation and infection 
of the peritoneum on the different peritoneal transport parameters. 
 Part I of this thesis focuses on peritoneal transport and particularly on 
determinants of peritoneal transport and the effect of chronic inflammation 
(comorbidity, including diabetes, inflammatory status) and acute infection 
(peritonitis). In chapter 1 a general introduction is given on peritoneal membrane 
status, peritoneal transport and peritonitis. In chapter 2 we attempt 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-6, VEGF and CA125 in drained 
peritoneal effluent. In chapter 3 a review is given of the conditions associated with 
peritoneal membrane failure, and their possible causes. Chapter 4 describes free 
water transport and other transport characteristics in incident PD patients just 
starting with peritoneal dialysis with a comparison between diabetics and non-
diabetics. In chapter 5 we investigated the importance of the first peritonitis episode 
in chronic PD patients by comparison of peritoneal membrane characteristics before 
and after the infection. Chapter 6 compares the change in peritoneal transport from 
baseline to the third year of PD between patients without peritonitis and patients 
with frequent peritonitis episodes. Building up from the previous two chapters, in 
chapter 7 the results are reported of an observational cohort study performed to 
compare the peritoneal transport characteristics of patients without a single episode 
of peritonitis -representing the natural course-, with patients who experienced one 
or more episodes of peritonitis during long-term follow-up.
 Peritonitis in peritoneal dialysis patients is the topic of Part II of this thesis. 
In 1979 CAPD was started as a renal replacement therapy in the Academic Medical 
Centre. During the subsequent years various treatment changes to optimize the 
care for PD patients were realized. Chapter 8 prescribes the incidence of peritonitis, 
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causative organisms, clinical outcomes and trends in these findings in relation to 
these treatment changes in 32-years of experience in PD practice. In chapter 9 a 
review of data on prognostic factors for peritonitis outcome is given. 
 Chapter 10 is a general discussion, in which the main results obtained in the 
present thesis are summarized and discussed. Finally, in chapter 11 a summary of 
the results of the previous chapters is given.
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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.
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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. 
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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.
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AbSTRACT

A review is given of the conditions associated with peritoneal membrane failure, 
and the possible causes. Ultrafiltration failure is the most important manifestation. 
It is mostly associated with high transport rates of low molecular weight solutes 
suggesting the presence of a large vascular surface area. Enlargement of the 
peritoneal surface area can be functional (effective surface area: more perfused 
microvessels) or anatomic (more microvessels). The former is likely to be present in 
some patients in the beginning of peritoneal dialysis, and also during peritonitis. The 
latter can develop in long-term peritoneal dialysis.

INTRODuCTION

Failure of the peritoneum as a dialysis membrane is characterized functionally by an 
insufficient ability to remove excess of fluid from the body. Consequently the removal 
of low molecular weight solutes, whose dismissal during continuous ambulatory 
peritoneal dialysis (CAPD) is markedly influenced by the drained volume like urea, is 
also impaired (1,2). A defective removal of solutes with a molecular weight exceeding 
100–150 Daltons will not be present in ultrafiltration failure, as their clearances or 
mass transfer area coefficients are mainly dependent on the vascular peritoneal 
surface area (3,4). The peritoneal transport of proteins is not only determined by 
the surface area, but is size-selectively restricted (5,6). This size- but not charge- 
(7) dependent restriction is called the intrinsic peritoneal permeability and can be 
expressed as a selectivity index or a peritoneal restriction coefficient. The former is 
the exponent of the power relationship between peritoneal protein clearances and 
their molecular weight, the latter is the exponent of the power relationship between 
protein clearances and their free diffusion coefficients in water (8). 
 Besides functional failure of the peritoneum, long-term peritoneal dialysis 
(PD) may lead to anatomic changes in the peritoneal tissues such as neoangiogenesis, 
vasculopathy, and fibrosis, sometimes causing encapsulated peritoneal sclerosis 
(9,10). This review will focus on the functional assessment of peritoneal membrane 
failure and pathogenetic mechanisms.

Ultrafiltration failure

Ultrafiltration failure has often been defined on clinical grounds, for instance as the 
presence of fluid overload despite the use of three or more 3.86/4.25% glucose-
based dialysis exchanges. This definition is subject to bias, because overhydration 
can also occur due to excessive fluid intake or reduced urine production. Based on 
scarce data from the literature (8,11–13), the following definition
has been suggested (14) and adopted internationally (15): ultrafiltration failure is 
present when net ultrafiltration is less than 400 ml after a 4-hour dwell with a 2 liter 
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3.86/4.25% glucose-based dialysis solution. Using a cutoff point of 500 ml instead 
of 400 ml resulted in a large number of patients in whom no cause of ultrafiltration 
failure could be established (unpublished observations). With the application of the 
400 ml/4 h definition a prevalence of 23% was found in a cross-sectional study in 
patients with a median CAPD duration of 19 (range 0.3–178) months (14). 
 The presence of a large peritoneal vascular surface area characterized 
by a high mass transfer area coefficient (MTAC) or dialysate/plasma (D/P) ratio of 
creatinine is the major cause of ultrafiltration failure. It leads to high absorption 
rates of low molecular weight osmotic agents and therefore to a rapid disappearance 
of the osmotic gradient. A large peritoneal surface area can be anatomic due to 
neoangiogenesis in the peritoneum (9) or functional when more existing peritoneal 
microvessels are perfused. The latter can be induced by vasoactive agents, like 
nitroprusside, or by inflammatory processes such as infectious peritonitis.
 Ultrafiltration failure associated with high MTACs or D/P ratios of creatinine 
can be present in patients directly at the start of dialysis, during peritonitis, and it can 
develop during the time course of PD. 

A large vascular surface area at the initiation of PD

An MTAC of creatinine exceeding 12 ml/min, defined as the mean ± SD of those 
within the range of normal distribution (16), was found in 20 of 66 PD patients who 
were investigated during the first half year of dialysis and who never had peritonitis. 
The median ultrafiltered volume in these 20 patients assessed with a 3.86/4.25% 
glucose solution was 345 ml/4 h. Twelve of them had ultrafiltration failure. The 
total number of the patients with a net ultrafiltration of < 400 ml/4 h was 27. The 
presence of a large effective peritoneal surface area in starting PD patients has been 
associated with comorbidity (17,18) and might therefore have been induced by 
chronic inflammation. A role for local peritoneal inflammation is suggested by the 
correlations that have been found between peritoneal effluent concentrations of 
interleukin-6 (IL-6) and of vascular endothelial growth factor (VEGF) with the MTACs 
and D/P ratios of creatinine (19–21). A recent analysis points to a relationship between 
mesothelial cell mass, expressed as dialysate CA125, and peritoneal transport status, 
partly mediated by VEGF (unpublished observations). 
 It is not known whether patients with a fast transport status at the initiation 
of dialysis have this condition because they have more peritoneal microvessels, or 
whether their vascular surface area is increased due to an increased number of 
perfused microvessels caused by locally produced vasoactive substances. The data 
on effluent IL-6 and VEGF suggest that at least part of the large vascular surface area 
is functional and induced by mediators. Also the observation that high initial D/P 
ratios often decrease during follow-up (21) supports this hypothesis.
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Peritoneal transport and inflammatory mediators during peritonitis

Acute peritonitis is associated with increased peritoneal transport rates of low 
molecular weight solutes and serum proteins (22, 23). This points to an inflammation-
induced increase in the effective peritoneal surface area caused by a larger number 
of perfused microvessels and vasodilation. This is supported by the higher peritoneal 
blood flow during peritonitis than after recovery from the infection (23). In addition 
a reduced size selectivity is present in the early phase (5), leading to a decrease in 
the peritoneal restriction coefficient to macromolecules (24). The presence of an 
increased effective peritoneal surface area leads to lower ultrafiltration rates on 
glucose-based solutions (22) and higher ultrafiltration rates on an icodextrin-based 
fluid (25,26). These functional alterations are temporary and disappear after cure 
from the infection (22). 
 The peritoneal transport alterations during peritonitis are likely to be 
caused by an increase in nitric oxide (NO) synthase activity, both the inducible and 
endothelial isoforms, as found during experimental peritonitis (27). Also data on an 
inhibitory effect of the arginine analogue L-NAME in an experimental model support 
this mechanism. Studies in CAPD patients have given some indirect evidence of 
increased NO activity (23,29), but measurement of relevant products of NO synthesis 
in peritoneal effluent is an insensitive method for the assessment of local NO activity. 
 The alterations in peritoneal permeability during peritonitis are also 
associated by increased concentrations of prostaglandins and cytokines in the effluent 
(23). In the acute phase the vasodilating prostaglandins, PGE2 and 6-keto-PGF1α were 
increased 10-fold, while the increase in the vasoconstricting thromboxane B2 (TxB2) 
was only 5-fold (24). Using multiple regression analysis the change in dialysate PGE2 

was related to the change in the intrinsic peritoneal permeability to macromolecules, 
but not to the alterations in the effective peritoneal surface area. Inhibition of 
prostanoid production by intraperitoneal administration of indomethacin resulted 
in lower concentrations of the vasodilating ones, both in animals (30) and humans 
(31,32), but the effect on peritoneal protein transport was equivocal. Indomethacin 
in non-peritonitis patients inhibited 6-keto-PGF1α, but had no effect on peritoneal 
transport (33). It follows from these findings that prostaglandins are mainly involved 
in large pore peritoneal transport during peritonitis only, and have no effect on the 
regulation of the vascular peritoneal surface area. 
 Peritonitis leads to the release of proinflammatory cytokines, chemokines 
and growth factors that can be measured in spent peritoneal dialysate, like IL-1, TNFα, 
IL-6, IL-8, MCP-1, huGROα, TGFß and FGF (24,34–37). The dialysate concentrations 
of IL-8 (34) and huGROα (36) were related to the maximum number of neutrophils 
in effluent. A relationship was found between the increase in the effective peritoneal 
surface area and that of dialysate IL-6 and TNFα (24). These observations suggest that 
many locally produced factors are involved in the temporary peritoneal alterations 
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during peritonitis. It is unknown whether they influence the peritoneal structure on 
the long term.

Development of peritoneal membrane failure in long-term PD

Marked alterations in the peritoneal tissues can be present after long-term PD. They 
consist of an increased thickness of the submesothelial compact collagenous zone 
of the parietal peritoneum, sometimes accompanied by loss of surface mesothelium 
(10,38). Also in omental tissue interstitial fibrosis can be found (9). Extensive vascular 
abnormalities have been described. These include subendothelial hyalinosis, 
especially of the venules and small veins, but sometimes also of arterioles (10,39). 
Also an increased number of vessels has been found (9), especially in patients with 
ultrafiltration failure (10). The thickness of the submesothelial compact zone was 
related to the duration of PD, the absence of mesothelium and the prevalence of 
vasculopathy (10). A correlation has also been described between the number of 
peritoneal vessels and the fibrotic alterations (9). 
 The fibrotic and vascular abnormalities mentioned above are also present 
in patients with encapsulating peritoneal sclerosis, but much more severe. Signs of 
inflammation may be present, but this is not always the case. Single center studies 
with at least 200 PD patients during an observation period of 10 years reported a 
prevalence between 0.5 and 4.4%, as reviewed by Kawaguchi et al. (40). A registry 
study from Australia reported an over-all prevalence of 0.7%, but this increased with 
the duration of PD to 19.4% in patients treated for more than 8 years (41). It is not 
known whether this complication can be regarded as a late stage of the previously 
described morphologic abnormalities in long-term PD patients, or whether it must 
be considered as a separate disease. The observation that recurrent or non-resolving 
peritonitis often precedes the diagnosis of encapsulating peritoneal sclerosis (42) might 
suggest that an impaired host defense response (43) due to impaired mesothelial cell 
function can trigger the formation of adhesions in already damaged peritoneal tissues 
and lead to the clinical manifestations of encapsulated peritoneal sclerosis. 
 Ultrafiltration failure is the most frequent transport abnormality in long-
term PD. Based on a clinical definition its prevalence increased from 3% after 1 year 
on CAPD to 31% after 6 years (12). Using the 400 ml/4 h criterion (see section on 
ultrafiltration failure), its prevalence in 55 patients treated for more than 4 years 
was 36% (unpublished observations). Ultrafiltration failure was the main reason for 
discontinuation of PD in 51% of patients treated for more than 6 years in Japan (44). 
Four main causes of ultrafiltration failure can be distinguished (45): 1) the presence 
of a large vascular surface area; 2) a decreased osmotic conductance to glucose; 
3) the presence of a high disappearance rate of intraperitoneally administered 
macromolecules (‘lymphatic absorption’), and 4) an extremely small peritoneal 
surface area, e.g. due to multiple adhesions. 
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 All studies (for a summary see 45) have shown that the presence of a large 
vascular surface area leading to a rapid disappearance of the osmotic gradient is by 
far the most frequent cause of ultrafiltration failure in long-term patients. This fits 
very well with the increased number of peritoneal vessels that has been described 
in long-term PD (9,10). However, combinations of various causes are possible, 
for instance between points 1 and 2 and points 1 and 3 above (14). A decreased 
osmotic conductance to glucose might in principle be due to a decreased peritoneal 
ultrafiltration coefficient or to a decreased aquaporin mediated water transport. 
Although the expression of aquaporin-1 is normal in ultrafiltration failure (46), 
clinical evidence has been obtained for an impairment of its function, especially in 
long-term PD (47–49). A high effective lymphatic absorption rate, measured as the 
clearance of intraperitoneally administered macromolecules, is another important 
cause of ultrafiltration failure. In a recent study comparing 11 long-term PD patients 
with 12 treated for a shorter duration, a significantly higher absorption rate was 
found in the long-term ones (50). However, we were unable to confirm this in 132 
patients, 24 of them followed longitudinally (unpublished observations). 
 The peritoneal transport rates of low molecular weight solutes increase with 
the duration of PD, despite the development of fibrotic alterations (51,52). This was 
not found for peritoneal albumin clearance, while that of α2-macroglobulin was even 
lower in patients treated for at least 4 years compared to those in their first year of 
treatment (53). Consequently the size selectivity of the peritoneum to macromolecules, 
expressed as the restriction coefficient, increased (53,54). It is unknown whether this 
increase in size selectivity is caused by the fibrotic alterations. If so, the calculation of 
the restriction coefficient could reflect the degree of peritoneal fibrosis. 
 The dialysate concentration of the glycoprotein cancer antigen 125 (CA125) 
can be considered to represent mesothelial cell mass in stable PD patients (for review 
see 55). Long-term patients have lower levels of CA125, both in cross-sectional (56) 
and longitudinal studies (57). This is in accordance with the loss of mesothelial cells 
that has been found in long-term patients (10). The finding that patients with a low 
CA125 had a higher restriction coefficient than the others (56) is also in accordance 
with the more severe fibrotic alterations in patients with absent mesothelium in 
their peritoneal biopsies (10).

CONCLuSIONS

Peritoneal membrane failure is functionally characterized by impaired ultrafiltration, 
mostly associated with high transport rates of low molecular weight solutes. It 
may be present at the start of dialysis, during peritonitis and may develop during 
long-term PD. Especially in the latter situation it is due to extensive morphological 
alterations in the peritoneal tissues, while in the former two it is mainly functional 
due to the effects of vasoactive substances.
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AbSTRACT

Peritoneal transport rates and net drained volume are reported to be different for 
peritoneal dialysis (PD) patients with diabetes mellitus (DM), compared to patients 
without DM. This was considered to be caused by exposure to high plasma glucose 
levels prior to the initiation of PD. However, results of previous studies are conflicting. 
Transport of small solutes was reported either higher or similar to non-diabetics, 
whereas the ultrafiltration was either similar or lower. No information on free water 
transport is available. The main problem of the earlier reports is the wide variation in 
duration of PD, which may have influenced the outcome.
 In this study the results of peritoneal function tests of 10 diabetics were 
compared to those of 10 non-diabetics. All patients were investigated within the 
first 4 months of PD treatment. No differences were observed in transcapillary 
ultrafiltration rate, net ultrafiltration or lymphatic absorption. Free water transport, 
estimated using the maximum dip in dialysate-to-plasma ratio of sodium, and 
quantified by calculating the transport through the ultra small pores, showed no 
differences. Also small solute transport was similar. 
 This implies that a chronic mild hyperglycemic state in the peritoneal vessels 
does not contribute to important peritoneal changes or changes in aquaporin-1 
function. The influence of continuous treatment with hyperosmolar glucose solutions 
on the latter is worthwhile investigating. 



Free water transport in patients starting with PD: diabetics versus non-diabetics

59

4

INTRODuCTION

The reported studies on peritoneal transport characteristics of patients with diabetes 
mellitus (DM) treated with peritoneal dialysis have shown inconsistent results. In 
some studies higher clearances for urea and creatinine were described in diabetics 
than in non-diabetics (1-3). Others, however, did not find any difference in peritoneal 
solute transport between diabetics and non-diabetics, matched for gender age 
and duration of PD (4). The drained volumes were either lower in diabetics (2), or 
showed no difference (5). These conflicting results in cross-sectional studies were 
likely to have been partly caused by the wide variation in the duration of exposure to 
glucose containing dialysis fluids. Previous studies of the influence of PD duration to 
transport parameters showed that solute transfer increases and ultrafiltration (UF) 
declines with time on peritoneal dialysis (6-8). This is probably caused by the long-
term exposure to dialysis fluids, which is known to alter peritoneal morphology. 
 To avoid a possible diabetogenic effect of exposure to PD-fluids itself, Serlie 
et al. investigated a group of patients within the first 6 months of PD treatment, using 
a permeability test with a 1.36% glucose solution. A lower transcapillary ultrafiltration 
rate (TCUFR) was present in diabetic patients compared to matched controls (9). 
In this study, no differences were observed for small solute transport or effective 
lymphatic absorption. This raises the question whether the lower TCUFR could have 
been the result of lower free water transport rates. Therefore, the aim of the present 
study was to compare free water transport and other transport characteristics of 
diabetics and non-diabetics at the onset of peritoneal dialysis, using a 3.86% glucose 
solution.

PATIENTS AND METhODS

Patients

10 patients with diabetes mellitus, in whom a standard peritoneal permeability 
analysis (SPA) was performed in the first 4 months of their peritoneal dialysis 
treatment were compared with 10 non-diabetic patients, matched for age, gender 
and body surface area. None of the patients had ever experienced peritonitis. All 
patients used commercially available, glucose-based dialysis solutions (Dianeal, 
Baxter BV, Utrecht, the Netherlands). 

Procedure

The SPA was performed during a four hour dwell period, as described previously (10). 
The test was done with 3.86% glucose, using the volume the patient was used to. 
Dialysate samples were taken before instillation and at multiple time points during 
the test (10, 20, 30, 60, 120, 180 and 240 minutes). A volume-marker, dextran 70, 1 
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g/L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, Sweden), was used to calculate 
fluid kinetics. 

Calculations

All calculations were performed as previously described by Pannekeet et al. (10).

Fluid kinetics

Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the volume 
marker, by subtracting the initial intraperitoneal volume (IPV) from the theoretical 
IPV (when both lymphatic absorption and sampling would not have been present) at 
any time point. Because transcapillary ultrafiltration has its maximum value during 
the initial phase of a dwell, transcapillary ultrafiltration rate in the first minute (TCUF0-

1) was calculated, using the Lineweaver-Burke plot. That is the linear regression 
between the reciprocal values of the transcapillary ultrafiltration obtained during 
the SPA and the reciprocal of time (11). The effective lymphatic absorption rate 
(ELAR) was calculated as the peritoneal dextran clearance (11). The net UF is the 
difference between the TCUF and the effective lymphatic absorption. D/P sodium 
was calculated as the dialysate sodium concentration divided by the plasma sodium 
concentration. Dip D/P sodium is the difference between the initial D/P sodium 
and the lowest D/P sodium. Correction for Na+ diffusion from the circulation to the 
dialysate, which can cause blunting of the decrease in D/P Na+, was done with the 
use of the mass transfer area coefficient of urate (12). This enabled us to calculate 
the sodium concentration in the dialysate, when only diffusion would have occurred. 
This could than be subtracted from the measured concentration at any time point, 
resulting in the actual Na+ sieving. Transport through the small pores was calculated by 
multiplying the sum of the initial intraperitoneal volume and the ultrafiltered volume 
(in liters) with the dialysate sodium concentration after correction for diffusion: 

Na present = (initial IPV + ultrafiltrate volume ) × dialysate Na

This can be calculated for time point zero (t0) and for any time point during the dwell 
(tt). Subtracting t0 from tt results in the amount of sodium transported at any time 
point of the dwell. Dividing the amount of transported sodium with the sodium 
concentration in the small pores (which is the average of that in the plasma and in 
the dialysate) results in the volume (in liters) of fluid transported through the small 
pores:

fluid transport through small pores= Na transported / Na concentration in the small 
pores
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With the calculation of the transcapillary ultrafiltration through the small pores for 
each time point during the SPA, a Lineweaver-Burke plot could be made to calculate 
small pore transport in the first minute (SP0-1). Subtracting this from TCUF0-1 resulted 
in free water transport in the first minute. The contribution of free water transport to 
total transcapillary ultrafiltration was examined during the first minute of the 3.86% 
glucose dwell and after 60 minutes (13).

Solute transport

The peritoneal handling of low molecular weight solutes was expressed as MTACs. 
Glucose absorption was calculated as the difference between the amount of 
glucose instilled and the amount recovered, relative to instilled. CRP was measured 
immunoturbidimetrically.

Statistical analysis

Results are expressed as median values and ranges because most data were 
distributed asymmetrically. For the comparison of the patients with diabetes and 
the non-diabetic patients the paired t-test was applied. A p-value of <0.05 was 
considered to be statistically significant.

RESuLTS

The patient characteristics of the 20 patients included in the study are given in 
Table 1. No significant differences were observed between the two groups. HbA1c 
percentage was 7.4% (range 5.7-10.2%) in patients with diabetes mellitus.

Table 1. Patient characteristics of the patients with and without diabetes. Values are 
given as medians and ranges.

Diabetics
N=10

Non-diabetics
N=10

Age (years) 61 (46 – 75) 62 (47 – 74)
Duration of PD (months) 2.8 (1.2 – 3.5) 3.2 (2.5 – 3.9)
Body Surface area (m2) 1.93 (1.59 – 2.22) 1.91 (1.64 – 2.26)
Residual GFR (mL/min/1.73 m2) 4.3 (0 – 7.8) 3.3 (0 – 7.0)
Serum CRP (U/L) 4 (3 – 49) 5 (3 – 11)

Parameters for fluid transport are given in Table 2. Values for transcapillary 
ultrafiltration, net UF and ELAR were similar in both groups, as shown in Figure 1. 
The maximum dip in D/P sodium tended to be deeper in the non-diabetics (Figure 
2), but this difference was not statistically significant (p=0.1). The TCUF0-1, as well as 
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the transport through the small pores (SP0-1) and the free water transport in the first 
minute (FWT0-1), did not differ for the two groups. Also the percentage of free water 
transport contributing to total fluid transport in the first hour of the dwell was similar 
for both groups.
 Small solute transport was similar for both groups. Mass transfer area 
coefficient for creatinine was 8.8 mL/min (range 5.6-16.0) in the diabetics versus 8.1 
mL/min (range 5.8-15.2) in the non-diabetic patients. MTAC of urate was 5.6 mL/min 
(range 2.1-9.4) versus 7.1 mL/min (range 4.1-13.4). In addition glucose absorption 
was not different for both groups: 62% (range 45-78) in diabetics vs. 65% (range 45-
82) in the non-diabetics.
 Also, the serum CRP level was similar in the patients with DM: 4 U/L (range 
3-49), compared to the patients without DM: 5 U/L (range 3-11).

Table 2. Peritoneal fluid transport characteristics for diabetics and non-diabetics, 
using a 3.86% glucose solution. Medians and ranges are given.

Diabetics
N=10

Non-diabetics
N=10

Net UF (mL) 685 (380 – 944) 665 (-282 – 1169)
TCUFR (mL/min) 3.7 (2.9 – 5.9) 4.6 (2.5 – 6.8)
ELAR (mL/min) 1.5 (0.7 – 2.8) 1.4 (0.6 – 4.3)
Max dip D/P Na+ 0.0928 (0.06 – 0.13) 0.112 (0.06 – 0.18)
TCUF0-1 (mL) 16.1 (7.8 – 45.4) 17.6 (6.3 – 56.8)
SP0-1 (mL) 9.0 (5.0 – 33.3) 9.5 (3.4 – 28.0)
FWT0-1 (mL) 7.3 (1.5 – 16.8) 7.2 (2.5 – 12.1)
%FWT0-1 43 (25 – 57) 41 (21 – 59)
%FWT60 min 33 (15 – 44) 34 (10 – 49)

TCUFR: transcapillary ultrafiltration rate; ELAR: effective lymphatic absorption rate; Max dip D/P Na+: 
maximum decrease in D/P sodium compared to the initial D/P sodium; TCUF0-1: TCUF in the first 
minute; SP0-1: transported volume through the small pores; FWT0-1: volume of free water transport in 
the first minute; %FWT0-1: the percentage of free water transport that contributes to total TCUF in the 
first minute; %FWT60 min: the percentage of free water transport that contributes to total TCUF in the 
first hour of the dwell.
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Figure 1. Fluid profiles for the patients with (left panel) and without (right panel) 
diabetes mellitus at the start of peritoneal dialysis. Transcapillary ultrafiltration 
(closed circles), net ultrafiltration (open circles) and fluid absorption (closed squares) 
are given as a function of time. No significant differences were found between the 
curves.

Figure 2. Dialysate-to-plasma ratios during the 4-hour dwell for patients with (open 
circles) and without diabetes mellitus (closed circles) at the start of peritoneal 
dialysis. No significant differences were observed.
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DISCuSSION

In the present study, no differences in net UF, fluid absorption rates, free water 
transport and peritoneal solute transport were observed in patients with or without 
diabetes mellitus, when they were examined in the first 4 months of PD treatment. 
This was in contrast to prior publications, that reported higher solute rates in 
patients with diabetes mellitus. These previous studies, however, were performed 
in a cross-section of patients who were treated with PD for different duration of 
time. Therefore, they were exposed to high intraperitoneal glucose concentrations 
for variable periods. In experiments with rats with streptozotocin-induced diabetes, 
chronic hyperglycemia was associated with structural and functional changes in 
the peritoneum (14). Structural changes that were observed included capillary 
proliferation and AGE immuno-reactivity. Functional changes consisted of an 
increased permeability for small solutes and decreased sodium sieving. In this study, 
however, the diabetic rats showed no differences compared to the non-diabetic 
controls, when glycemic control was obtained by the administration of insulin. 
The results of these animal studies imply that acute, chemically induced diabetes 
mellitus, can lead to increased permeability for various sized molecules, especially in 
the absence of glycemic control.
The difference between the permeability parameters of the rats with experimentally 
induced diabetes mellitus and the permeability parameters of the diabetic patients 
in the present study, can be explained by several factors. First, in the animal studies 
rats were either diabetic or uremic. In patients a combination of both can be 
present at the start of peritoneal dialysis. The contribution of uremia to transport 
and membrane alterations in diabetes will probably be more important than that of 
hyperglycemia alone (15). Secondly, the duration of diabetes and uremia in the animal 
studies was rather short. The patients in our study were diagnosed with diabetes for 
at least 5 years previously to the start of PD and were uremic for a longer period of 
time. Reasonably, alterations are more pronounced, the longer the duration of the 
etiological factor. Since both hyperglycemia and uremia can lead to the formation of 
AGEs, it seems likely that alterations owing to AGE formation were already present 
in both our patient groups. Finally, the blood sugar control in the diabetic rats in the 
animal studies was poor and the difference in transport parameters disappeared in 
the subgroup that was treated with insulin. This points to the importance of good 
glycemic control. Our patients all received insulin therapy and had reasonably low 
HbA1c levels, indicating an accurate treatment of diabetes. 
Other factors contributing to possible differences in transport parameters in the first 
months of peritoneal dialysis are chronic inflammation and acute CAPD peritonitis. 
Inflammation can cause both an increase in peritoneal transport rate and a decline 
in residual renal function. Inversely a decline in residual renal function or an increase 
in peritoneal transport rate may induce or aggravate inflammation (16). In the 
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patients investigated in the present study, no differences were identified in residual 
renal function or CRP as marker for inflammation status. Another possible factor 
that could have influenced transport parameters, is peritonitis, which is known to 
cause enhanced solute transport, although this increased transport is reversible 
after the recovery of peritonitis. In our patient group, none of the patients had ever 
experienced peritonitis. 
In conclusion, the present study in diabetic and non-diabetic patients did not reveal 
differences in peritoneal transport characteristics, including free water transport in 
the first months of PD. This implies that a chronic mild hyperglycemic state in the 
peritoneal vessels does not contribute to important peritoneal alterations or changes 
in aquaporin-1 function. The influence of continuous treatment with glucose-
containing dialysis solutions, which have concentrations up to more than a 10-fold 
of that observed in insulin dependent diabetes mellitus, is worthwhile investigating 
in long-term follow-up. 
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AbSTRACT

Objective: Little or no evidence is available on the impact of the first peritonitis 
episode on peritoneal transport characteristics. The objective of this study was to 
investigate the importance of the very first peritonitis episode and distinguish its 
effect from the natural course by comparison of peritoneal transport before and 
after infection. 
Participants: We analysed prospectively collected data from 541 incident peritoneal 
dialysis (PD) patients, aged > 18 years, between 1990 and 2010. Standard Peritoneal 
Permeability Analyses (SPA) within the year before and within the year after (but 
not within 30 days) the first peritonitis were compared. In a control group without 
peritonitis, SPAs within the first and second year of PD were compared. 
Main outcome measurements: SPA data included the mass transfer area coefficient 
of creatinine, glucose absorption and peritoneal clearances of β-2-microglobulin 
(B2M), albumin, IgG and α-2-macroglobulin (A2M). From these clearances, the 
restriction coefficient to macromolecules (RC) was calculated. Also, parameters of 
fluid transport were determined: transcapillary ultrafiltration rate (TCUFR), lymphatic 
absorption rate (ELAR) and free water transport. Crude and adjusted linear mixed 
models were used to compare the slopes of peritoneal transport parameters in the 
peritonitis group to the control group. Adjustments were made for age, sex and 
diabetes.
Results: Of 541 patients, 367 experienced a first peritonitis episode within a 
median time of 12 months after the start of PD. Of these, 92 peritonitis episodes 
were preceded and followed by a SPA within one year. Forty-five patients without 
peritonitis were included in the control group. Logistic reasons (peritonitis group: 
48% vs control group: 83%) and switch to hemodialysis (peritonitis group: 22% vs 
control group: 3%) were the main causes of missing SPA data post-peritonitis and 
post-control. When comparing the slopes of peritoneal transport parameters in the 
peritonitis group and the control group, a first peritonitis episode was associated 
with faster small solute transport (glucose absorption, p = 0.03) and a concomitant 
lower TCUFR (p = 0.03). In addition, a discreet decrease in macromolecular transport 
was seen in the peritonitis group: mean difference in post- and pre-peritonitis values: 
IgG: -8 μL/min (p = 0.01), A2M: -4 μL/min (p = 0.02), albumin: -10 μL/min (p = 0.04). 
Accordingly, the RC to macromolecules increased after peritonitis: 0.09, p = 0.04. 
Conclusions: The very first peritonitis episode alters the natural course of peritoneal 
membrane characteristics. The most likely explanation might be that cured peritoneal 
infection later causes long-lasting alterations in peritoneal transport state.
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INTRODuCTION

Preservation of peritoneal membrane quality in peritoneal dialysis (PD) patients 
is required to maintain these patients on PD. Both morphological and functional 
peritoneal alterations are a consequence of long-term PD treatment (1–3). Exposure 
to glucose and glucose degradation products (GDPs) (4) and the occurrence of 
peritonitis (5,6) are proinflammatory stimuli that may cause alterations. Both 
morphological and functional changes may result in discontinuation of chronic PD 
treatment (7).
 Peritonitis has been hypothesized to be an important cause of peritoneal 
transport alterations by inflammatory damage. However, only few studies 
determined the importance of cumulative peritonitis among long-term PD patients 
by measurements of transport kinetics, and reported inconsistent results. A few 
studies have shown a temporary effect of peritonitis on small solute transport and 
net ultrafiltration, which recovered after the acute phase (8,9). Others identified 
a sustained effect of recurrent or severe peritonitis on peritoneal transport 
characteristics (10–13). In contrast, some authors found no association between the 
occurrence of peritonitis and peritoneal transport status (14–16) when peritonitis 
was treated properly (15) or adjustments for time on PD were made (16). Studies 
investigating the effects of a single, but not the first, peritonitis episode reported 
equivocal results (8,9,11,17–19). 
 Little or no evidence is available on the impact of the very first peritonitis 
episode on peritoneal transport characteristics. It is unknown whether the first 
episode of peritonitis causes permanent peritoneal membrane damage or has only 
a temporary and reversible effect. 
 The objective of this study was to investigate the importance of the first 
peritonitis episode in chronic PD patients by comparison of peritoneal membrane 
characteristics before and after the infection. To distinguish possible effects from 
those induced by the duration of PD, a control group without peritonitis was included.

SubjECTS AND METhODS

We analysed prospectively collected data from 541 incident PD patients, aged > 18 
years old, receiving dialysis in a tertiary-care university hospital between January 1990 
and July 2010. A peritonitis group and a control group were formed. The peritonitis 
group included patients experiencing a first peritonitis episode and with a Standard 
Peritoneal Permeability Analysis (SPA) within the year before (pre-peritonitis SPA) 
and the next one within the year (but not within 30 days) after their first peritonitis 
episode (post-peritonitis SPA). The post-peritonitis SPA was performed before the 
occurrence of a second peritonitis episode. The control group included patients 
without peritonitis and with a SPA within the first year (pre-control SPA) and within 
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the second year (post-control SPA) after the start of PD. Pre- and post-peritoneal 
transport measurements were compared. 

Peritonitis

All peritonitis episodes during PD treatment were documented. Peritonitis was 
diagnosed, according to the criteria developed by Vas et al. (20), when at least 2 
of 3 findings were present: abdominal pain, cloudy effluent with ≥ 100 white blood 
cells/μL and 50% polymorphonuclear cells and/or positive microbiological culture 
of the dialysate. These criteria have been endorsed by the International Society for 
Peritoneal Dialysis (ISPD) in the current PD-related infection guidelines (21). Detailed 
information including leukocyte counts, microbiology and start and stop dates of 
peritonitis episodes was collected. 

Standard peritoneal permeability analyses 

Since 1990, a yearly SPA was routinely performed to examine peritoneal transport 
characteristics (22,23). Only SPAs using solutions containing 3.86% glucose were 
selected for this study. SPA measurements included the mass transfer area coefficient 
(MTAC) of creatinine, glucose absorption and peritoneal clearances of the following 
serum proteins: β-2-microglobulin (B2M), albumin, IgG and α-2-macroglobulin 
(A2M). From these clearances, the restriction coefficient to macromolecules (RC) 
was calculated (24). In addition, parameters of fluid transport were determined in 
a SPA: transcapillary ultrafiltration, effective lymphatic absorption and free water 
transport (25). The complete SPA procedure and all calculations have thoroughly 
been described previously by Pannekeet et al. (22) and Smit et al. (23,25). From 1997, 
the measurement and calculation of the biomarker cancer antigen 125 (CA125) and 
its appearance rates were incorporated in the SPA.

Statistical analyses

Differences in baseline characteristics between the peritonitis and control group 
were tested with an unpaired Student’s t-test, Mann-Whitney (continuous data) or 
chi-square test (categorical data). An independent sample t-test or Mann-Whitney 
U test (dependent on the distribution of the data) was used to assess differences 
between cases and controls on baseline (pre-measurements) and after either the 
peritonitis or after one year to investigate the natural course (post-measurements). 
A paired sample t-test or Wilcoxon signed ranks test (dependent on distribution of 
the data) was performed comparing pre- and post-SPA data. Results are expressed 
as mean values and standard deviations. Crude and adjusted linear mixed models 
were performed to distinguish changes within peritoneal transport characteristics, 
caused by the initial peritonitis episode from those related to the natural course. 
Adjustments were made for age, sex and diabetes. Results are expressed as crude 
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and adjusted slope differences and 95% confidence intervals (CIs). Data analyses 
were performed using SPSS 20.0.

Sensitivity analyses

Adjusted linear mixed models were used to investigate whether peritonitis’ 
characteristics such as timing, causative microorganisms or severity modified the 
effect of the first peritonitis on peritoneal transport. Early peritonitis was defined as 
< 1 year after the start of PD and compared to a reference group of late peritonitis, 
defined as ≥ 1 year after start of PD. Severe peritonitis was defined as a leukocyte 
count > 1090 cells/mm3 on day 3 or > 100 cells/mm3 on day 5 of the peritonitis 
episode and compared to a reference group of less severe peritonitis. Causative 
microorganisms were dichotomized in Gram-positive microorganisms (not coagulase-
negative staphylococci (CNS)) and compared to a reference group that consists of all 
other causative microorganisms. Results are expressed as adjusted slope differences 
and 95% CIs.

RESuLTS

Population characteristics

Between January 1990 and July 2010, 541 incident PD patients aged 18 and older 
received dialysis in our department. Of these patients, 367 experienced at least one 
episode of peritonitis. Of these episodes, 92 were preceded and followed by a SPA 
within one year and could be selected for inclusion in the peritonitis group. Of the 
patients without a peritonitis episode, 45 were eligible for inclusion in the control 
group (Figure 1). Logistic reasons were the main cause for missing SPA data after the 
first peritonitis episode (48%) and in the controls (83%). In addition, in the peritonitis 
group, switch to hemodialyis (22%), death (22%) and receiving a transplant (8%) 
within one year after the first peritonitis episode accounted for the rest of the missing 
SPA data. In the control group, only a minority of missing post-SPA data could be 
explained by patients who changed modality (3%), died (7%) or received a transplant 
(7%) within the second year of PD treatment. The baseline characteristics of the 
study population are summarized in Table 1. The peritonitis and control group were 
similar at baseline with respect to age, percentage of males and diabetics and the 
distribution of causes of end-stage renal disease (ESRD). No differences in baseline 
characteristics were observed when patients included in the present study were 
compared to all patients eligible for the study.
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Figure 1. Flow chart of patient selection in peritonitis and control group.

Incident adult patients 
receiving PD treatment 
between 1990 –2010:  

541  

367 patients (63%) with 
at least one peritonitis 

episode  

92 patients (25%) 
included in the peritonitis 

group  

201 patients (55%) 
without SPA within 1 
year pre peritonitis  

203 patients (55%) 
without SPA within 1 
year post peritonitis  

174 patients (37%) 
without peritonitis  

45 patients (26%) 
included in the control 

group  

92 patients (53%) 
without SPA within 1 

year pre control  

124 patients (71%) 
without SPA within 1 

year post control  

Table 1. Baseline characteristics of the patients.

Patients included in the present study
Characteristic Peritonitis group Control group p-value
Patients (n) 92 45
Age start dialysis (median; range) 51 (21-78) 55 (25-78) 0.30
Male (%) 49 60 0.25
Diabetes (%) 24 22 0.77
Cause of ESRD (%) 0.85
     Renal vascular disease 16 18
     Diabetic nephropathy 23 19
     Glomerulonephritis 16 16
     Other   44 48

ESRD = end-stage renal disease.  
No significant differences between the included and excluded peritonitis group; no significant 
differences between the included and excluded controls.

Pre-and post-SPA measurements

Pre- and post-SPA measurements were compared in the peritonitis and in the control 
group. Results are shown in Table 2. Median time on PD to pre-measurements was 
5.1 months in the peritonitis group and 4.1 months in the control group (p = 0.10). 
The median time to post-measurements was 17.8 months in the peritonitis group 
and 16.6 months in the control group (p = 0.38). The mean time between a pre-
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SPA and a post-SPA was 11.9 months in the peritonitis group and 12.6 months in 
the control group, which was not different (p = 0.19). No differences were found 
between pre-peritonitis and pre-control group SPAs. In the peritonitis group, no 
significant decrease of low molecular weight solute transport was found, while in 
the control group a decrease was present (p < 0.001). A concomitant increase in 
transcapillary ultrafiltration (p = 0.04), lymphatic absorption (p = 0.01) and decrease 
in the percentage of free water transport (p = 0.01) was seen in the control group, 
while this was absent in the peritonitis group. A discreet, but significant, decrease 
in the transport of macromolecules was found after the first peritonitis episode. The 
mean differences between post- and pre-peritonitis values were IgG: -8 μL/min (p = 
0.01), A2M: -4 μL/min (p = 0.02), albumin: -10 μL/min (p = 0.04). Also, the restriction 
coefficient to macromolecules increased after peritonitis: 0.09, p = 0.04. These 
significant differences in macromolecular transport and the RC were not observed 
in the control group. Finally, the CA125 appearance rates after the first peritonitis 
episode were significantly lower compared to the control group (p < 0.001).

Table 2. Comparison of pre- and post-peritoneal transport status in the peritonitis 
and control group.

n=92 n=45
Pre-

peritonitis 
SPA

Post-
peritonitis 

SPA

Pre-Control 
SPA

Post-Control 
SPA

SPA measurement Mean±SD Mean±SD p Mean±SD Mean±SD p
MTAC creatinine (mL/min)a 10.7±3.6 10.2±3.0 0.27 11.8±4.3 10.1±3.3 <0.001
Glucose absorption (%)a 64±11 61±10 0.11 65±11 58±10 <0.001
B2M clearance (mL/min)b 1.2±0.5 1.1±0.4 0.09 1.3±0.5 1.1±0.4d 0.01
Albumin clearance (mL/min)b 0.10±0.05 0.09±0.04 0.04 0.10±0.04 0.09±0.04 0.23
IgG clearance (μL/min)b 57±34 51±28 0.01 62±32 51±24 0.02
A2M clearance (μL/min)b 21±16 20±33 0.02 24±19 21±12 0.44
Restriction coefficient a 2.41±0.38 2.50±0.34 0.04 2.41±0.34 2.38±0.30 0.60
ELAR (mL/min)b 1.57±1.03 1.55±0.96 0.67 1.79±0.93 1.42±0.77 0.01
TCUFR (mL/min)b 3.51±1.57 3.32±1.37 0.35 3.36±1.41 3.79±1.31 0.04
Free water transport (%)a 31.6±12.1 28.8±19.8 0.82 29.1±12.6 28.9±17.7 0.01
AR-CA125 (U/min)ac 129.4±85.3 105.9±70.1d 0.07 153.7±105.0 172.3±119.4 0.83

SPA = standard peritoneal permeability analysis; MTAC creatinine = mass transfer area coefficient of 
creatinine; ELAR = effective lymphatic absorption rate; TCUFR = transcapillary ultrafiltration rate. AR-
CA125: appearance rate CA125.    

aPaired sample t-test;  
bPaired Wilcoxon signed ranks test. Mean and standard deviations are given.  
cCa125 measurements from 1997.  
dSignificantly lower than the post-control SPA. 
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The effect of the first peritonitis episode compared to the natural course

A comparison between the slope of peritoneal transport parameters in the peritonitis 
group and the control group was made. Crude and adjusted slope differences are 
shown in Table 3. After a first peritonitis episode, patients had a positive time course 
of glucose absorption, leading to an increase (adjusted slope difference: 5, 95% CI: 
1 – 9; p = 0.03) and a negative time course of transcapillary ultrafiltration, leading to 
a decrease (adjusted slope difference: -0.58, 95% CI: -1.09 to -0.07; p = 0.03), when 
compared to the controls. The very first peritonitis episode did not significantly affect 
protein clearances and its restriction coefficient, lymphatic absorption, free water 
transport and the CA125 appearance rate. However, all parameters followed the 
direction of an enhanced transport state after the first peritonitis episode compared 
to the natural course.

Table 3. Comparison of the rate of change in the transport parameter in the peritonitis 
group (n=92) compared to the control group (n=45).

SPA measurement Crude slope difference 
(95% Confidence interval)

p-value Adjusteda slope difference 
(95% Confidence interval)

p-value

MTAC creatinine (mL/min) 1.27 (-0.16–2.71) 0.08 1.10 (-0.34–2.53) 0.13
Glucose absorption (%) 5 (1–9) 0.02 5 (1–9) 0.03
B2M clearance (mL/min) 0.06 (-0.13–0.25) 0.52 0.06 (-14–0.25) 0.57
Albumine clearance (mL/min) -0.01 (-0.02–0.02) 0.76 -0.01 (-0.02–0.01) 0.70
IgG clearance (μL/min) 3 (-10–16) 0.65 3 (-11–17) 0.69
A2M clearance (μL/min) -1 (-7–5) 0.70 -2 (-9–4) 0.53
Restriction coefficient 0.10 (-0.04–0.24) 0.16 0.14 (-0.01–0.27) 0.06
ELAR (mL/min) 0.36 (-0.05–0.77) 0.08 0.30 (-0.11–72) 0.15
TCUFR (mL/min) -0.59 (-1.09– -0.09) 0.02 -0.58 (-1.09– -0.07) 0.03
Free water transport (%) -5.9 (-12.7–0.9) 0.09 -5.2 (-12.1–1.7) 0.14
AR-CA125 (U/min)b -2.53 (-7.39–2.33) 0.30 -2.81 (-7.71–2.09) 0.26

SPA = standard peritoneal permeability analysis; MTAC creatinine = mass transfer area coefficient of 
creatinine; ELAR = effective lymphatic absorption rate; TCUFR = transcapillary ultrafiltration rate. AR-
CA125: appearance rate CA125.    

Linear mixed models were performed with the control group as the reference group.  
aAdjusted for age, sex and diabetes.  
bCa125 measurements from 1997.
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Table 4. Characteristics of the peritonitis episodes (n=92).

Characteristic Value
Months after the start of PD (median; IQR)
     Peritonitis in the first year (%)
     Peritonitis in the second year (%)
     Peritonitis in the third year or later (%)

12 (7–24)
53
24
22

Severity (n (%))
     Leukocyte count >1090 cells/mm3 day 3
     Leukocyte count >100 cells/mm3 day 5
     > 1090 cells/mm3 day 3 or >100 cells/mm3 day 5

8 (9)
13 (14)
16 (17)

Causative microorganism (n (%))
     Gram-positive
     Gram-negative
     Culture-negative     
     Other

53 (58)
14 (15)

8 (9)
17 (18)

PD = peritoneal dialysis; IQR = interquartile range

Timing, severity and causative microorganism

Several characteristics of a peritonitis episode theoretically can modify the effect 
on peritoneal transport (Table 4). Sensitivity analyses were performed to investigate 
whether the time of occurrence after the start of PD, its causative microorganisms 
and the severity of the episodes were potential modifiers (Table 5). The timing of 
the first peritonitis episode did not alter the association with peritoneal transport. A 
severe first peritonitis was associated with decreased lymphatic absorption (adjusted 
slope difference: -0.76, 95% CI: -1.40 to -0.11; p = 0.02) when compared to less 
severe peritonitis, but not with other parameters of fluid transport. A first peritonitis 
episode caused by gram-positive microorganisms (not CNS) was associated with 
enhanced transport of low molecular weight solutes and an increased lymphatic 
absorption (adjusted slope difference: 0.59, 95% CI: 0.06 – 1.12; p = 0.03) compared 
to peritonitis episodes caused by other microorganisms.
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Table 5. The adjusted slope differences per peritonitis group stratified by 
characteristics of the peritonitis episodea.

SPA measurement Peritonitis group 
stratified by timing of 

peritonitisb

Peritonitis group 
stratified by severity of 

peritonitisc

Peritonitis group 
stratified by 

microorganism of 
peritonitisd

Adjustede slope 
difference (95% CI)

p Adjustede slope 
difference (95% CI)

p Adjustede slope 
difference (95% CI)

p

MTAC creatinine  
(mL/min)

-1.11 (-2.94–0.72) 0.23 1.14 (-1.19–3.46) 0.33 2.24 (0.29–4.19) 0.03

Glucose absorption (%) -4 (-9–1) 0.16 -4 (-11–2) 0.20 6 (1–12) 0.03
Restriction coefficient -0.06 (-0.22–0.11) 0.50 -0.29 (-0.50–0.09) 0.09 0.01 (-0.17–0.18) 0.95
ELAR (mL/min) 0.17 (-0.34–0.68) 0.51 -0.76 (-1.40– -0.11) 0.02 0.59 (0.06–1.12) 0.03
TCUFR (mL/min) -0.09 (-0.70–0.51) 0.76 -0.65 (-1.43–0.13) 0.10 -0.08 (-0.73–0.57) 0.81
Free water transport (%) 5.4 (-3.2–14.0) 0.22 -6.2 (-16.8–4.4) 0.25 -6.0 (-15.1–3.1) 0.19

SPA = standard peritoneal permeability analysis; CI = confidence interval; MTAC creatinine = 
mass transfer area coefficient of creatinine; ELAR = effective lymphatic absorption rate; TCUFR = 
transcapillary ultrafiltration rate; CNS= coagulase-negative staphylococci.
aAdjusted linear mixed models were performed.  
bEarly peritonitis (n=48) was defined as <1 year after the start of PD and compared to a reference 
group of late peritonitis defined as ≥1 year after start of PD. 
cSevere peritonitis (n=16) was defined as a leukocyte count >1,090 cells/mm3 on day 3 or >100 cells/
mm3 on day 5 of the peritonitis episode compared to a reference group of less severe peritonitis.  
dGram-positive microorganisms (not CNS) compared to a reference group of all other causative 
microorganisms.  
eAdjusted for age, sex and diabetes. 

DISCuSSION

The results of the present study show that after the recovery from the very first 
peritonitis episode, patients remain at a relatively faster peritoneal transport state 
compared to patients who were peritonitis-free. This was represented by faster 
transport rates of low molecular weight solutes and less efficient fluid transport in 
the peritonitis group compared to the natural course. 
 Previously, Del Peso et al. (26) have shown a decreasing MTAC creatinine 
and increasing ultrafiltration within the first year after the start of dialysis. Similar to 
our findings, this was not present in patients suffering from peritonitis. Furthermore, 
Struijk et al. (27) have found that after the start of PD, patients present with fast 
transport of low molecular weight solutes and inefficient ultrafiltration. This indicates 
an initial effect of the start of PD itself on peritoneal transport. However, after a period 
of 5 months, stabilization of peritoneal function towards a slower peritoneal transport 
state was observed. In our study, patients who experienced a first peritonitis episode 
remained “so-called” faster transporters of small solutes and fluids compared to 
patients without peritonitis. The latter showed a significant decline in small solute 
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transport and an increase in the efficiency of fluid transport. The relatively faster 
transport state after the first peritonitis episode might be explained by low-grade 
inflammatory damage to the peritoneum. Peritoneal inflammation induces neo-
angiogenesis, which increases the effective peritoneal surface area and reduces the 
osmotic conductance to glucose. An alternative explanation might be the slight, but 
not significant, difference between the time from the start of dialysis to the pre- 
and post-measurements that were compared. Although unlikely, an influence on the 
difference in the observed transport state cannot be excluded with certainty. 
 We hypothesized that the timing of peritonitis after the start of PD, the 
severity of the peritonitis episode and the microorganism causing the peritonitis 
might be potential modifiers of the effect of the first peritonitis on peritoneal 
transport characteristics. Previously, a study in 16 patients by Selgas et al. (28) 
showed that peritoneal transport characteristics were influenced by peritonitis 
only after more than 3 years on PD. In addition, Fusshöller et al. (16), found that 
peritoneal transport characteristics are correlated with the time on PD. However, 
in the present study, time on PD did not alter the effect of the first peritonitis. 
An explanation might be that the majority of the peritonitis episodes occurred in 
the first year after the start of PD. Previously, Davies et al. (11), showed that the 
severity of recurrent peritonitis, in terms of leukocyte count, and the identification 
of their causative microorganisms was associated with a larger change in small 
solute transport and ultrafiltration. However, this was not found in single, but not 
the first, isolated episodes of peritonitis. In contrast, Hung et al. (29) studied the 
first peritonitis episode and found an association between the identification of the 
causative microorganism and an increase in small solute transport. In addition, 
culture-negative peritonitis showed less impact on peritoneal transport compared 
to culture-positive peritonitis. In the present study, the severity of the peritonitis 
episode altered the association with lymphatic absorption, but not with other 
parameters of fluid transport. Furthermore, gram-positive microorganisms, when 
compared to all other microorganisms, enhanced the association with increased low 
molecular weight solute transport and increased lymphatic absorption, but not with 
other parameters of fluid transport.
 Although the increasing time course of the restriction coefficient could 
not be distinguished from the natural course, to the best of our knowledge, the 
present study is the first to identify an increase in peritoneal size-selectivity to 
macromolecules after a first peritonitis episode. An earlier study among prevalent 
PD patients, by Zemel et al. (18), showed no difference in the restriction coefficient 
directly prior to the development of peritonitis compared with the value after 
recovery. A decreased value was only present during the first two days of acute 
peritonitis (17). These findings suggest that an increase of the restriction coefficient 
after the first peritonitis episode takes some time to develop.
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 Several reasons may explain why previous studies (8–19,29) were unable 
to identify changes in macromolecular transport after a single peritonitis episode. 
First of all, individual proteins were not determined and the concomitant restriction 
coefficient was not calculated (9–16,19,29). Furthermore, studies were mainly 
carried out in prevalent dialysis patients in which time on PD might have a major 
influence on peritoneal transport characteristics before and after peritonitis (8–18). In 
addition, studies compared peritoneal transport characteristics after peritonitis with 
unstable transport characteristics during peritonitis (8) or did not exclude transport 
measurements during the inflammatory phase after peritonitis (8,9,19,29). Moreover, 
some studies (15,16) did not compare two transport measurements conducted from 
the same patient at all. Lastly, the earliest studies have been performed during a 
period with higher incidences of peritonitis. We hypothesize that the large number 
of peritonitis episodes during the earlier days of PD may have masked local changes 
due to a single peritonitis. 
 A possible biological explanation for the discreet difference in peritoneal 
size-selectivity to macromolecules might be that changes are caused in the radius of 
the large pores as described in the “three-pore model” by Rippe and Stelin (30). Lai 
et al. showed (6) that the number of macrophages, released cytokines and attracted 
leukocytes are elevated in the peritoneal cavity at least six weeks regardless of 
clinical remission of peritonitis. However, in general, studies (18,31) found that 
these numbers return to baseline shortly after the recovery from peritonitis. Also in 
the present study, when the peritonitis group was compared to the control group, 
the changes in macromolecular transport and the restriction coefficient could not 
be distinguished from the natural course. Therefore, increased peritoneal vascular 
surface area (defined as the MTAC creatinine) rather than the intrinsic permeability 
of the membrane (restriction coefficient) may cause changes in macromolecular 
transport.
 Interestingly, after the very first peritonitis episode, we identified a significantly 
lower appearance rate of CA125 compared to the control group. A previous in-vitro 
study by Breborowicz et al. (32), emphasized that the amount of CA125 released 
from mesothelial cells is not a good index of the number or properties of mesothelial 
cells. However, other patient based studies (33–37), have shown that levels of CA125 
in peritoneal effluent are highly elevated during peritonitis. This can be explained 
by the induction of necrosis of mesothelial cells during peritonitis which enhances 
CA125 appearance rate. Moreover, it has been suggested both in-vitro (34) and 
in-vivo (35), that peritonitis might induce irreversible loss of mesothelial cells and 
therefore CA125 levels might be permanently lower after recovery from peritonitis. 
None of the above cited studies was able to confirm this hypothesis. In addition, 
time on PD was found to be an important determinant of CA125 effluent levels (36). 
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When compared to the natural course, the enhanced loss of mesothelial cell mass 
could not be attributed to the first peritonitis episode with certainty.
 There are some limitations of the present study that need to be addressed. 
First, the inclusion of the patients in the peritonitis group was highly dependent on 
whether SPA measurements were performed before and after the peritonitis episode. 
When a patient suffered from a severe peritonitis episode causing termination of PD 
treatment or death, no SPA measurement after the infection was available and the 
patient was not included in the analysis. The percentage of patients missing SPA data 
due to switch to hemodialysis or death was consistent with previous literature (38). 
The majority of the missing SPA data could be attributed to logistic reasons, which 
may result from unmeasured patient-related or facility-related factors where no SPA 
was planned or the SPA was cancelled for unknown reasons. Therefore, although 
the majority of the missing SPA data could be contributed to logistic reasons, there 
may have been selection bias towards the inclusion of probably healthier patients 
surviving a potentially less severe peritonitis episode. Patients in the control group 
needed to survive the first two years of PD as well, including their first two SPA 
measurements, to be eligible for inclusion. This resulted in a relatively healthy 
control group representing the stable long-term PD patient as well. Therefore, we 
underline that the same selection process was used in the peritonitis group and in 
the control group and no differences between both groups were found at baseline in 
terms of peritoneal transport characteristics or baseline demographics. In addition, 
the percentage of patients excluded from the study because of insufficient SPA data 
was similar in both groups. Therefore, we emphasize that, if of any importance, this 
selection is more likely to have led to an underestimation of the effect of peritonitis on 
peritoneal transport characteristics and that the influence of a severe first peritonitis 
episode might be even larger. 
 Great improvements in PD solutions have been made over the last decades. 
In our dialysis unit, patients were treated with Dianeal between 1990 and 1997, with 
Dianeal or Physioneal between 1998 and 2004, and with Physioneal between 2005 
and 2010. The use of icodextrin started in 1997. Exposure to glucose and glucose 
degradation products may have influenced peritoneal host defense or the effect 
of the peritonitis episode on the peritoneal membrane. Unfortunately, our study 
is underpowered to perform a stratified analysis and data for exact calculations of 
exposure to glucose and glucose degradation products during dialysis treatment are 
unavailable. 
 One of the strengths of this study is the large number of patients with 
repeated SPAs that have been prospectively collected as a part of routine clinical 
care. The large amount of data collected enabled us to form a peritonitis and control 
group. Moreover, we could analyse peritoneal transport characteristics before and 
after the acute proinflammatory phase of peritonitis and observe long-lasting effects. 



80

Chapter 5

Furthermore, all patients in the study were incident to dialysis. Peritonitis episodes 
were thoroughly documented in an extensive peritonitis database. Lastly, SPAs were 
used to determine peritoneal transport characteristics, which is advantageous to 
the Peritoneal Equilibration Test (PET). A SPA provides additional information on 
pathways of fluid transport and includes the peritoneal clearances of several serum 
proteins from which the RC can be calculated (24). 
 In conclusion, the present study has confirmed that the very first peritonitis 
episode influences the natural course of peritoneal transport characteristics. We 
have shown that patients who experienced a cured first peritonitis episode later 
remain at a faster transport state compared to patients without peritonitis. The most 
likely explanation for these findings might be that cured peritoneal infection may 
lead to a latent state that later causes long-lasting alterations. These results do not 
have direct implications for clinical practice. However, the present study provides 
new insights into the effect of peritonitis on peritoneal transport characteristics. In 
addition, this study helps to gain better understanding of the peritoneal membrane 
and peritoneal transport in general, which may contribute to future improvements 
of PD therapy.
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AbSTRACT

Background: Preservation of the peritoneum is required for long-term peritoneal 
dialysis (PD). We investigated the effect of multiple peritonitis episodes on peritoneal 
transport. 
Methods: Prospectively collected data from 479 incident PD patients treated 
between 1990 and 2010 were analysed, using strict inclusion criteria: follow-up of at 
least 3 years with the availability of a Standard Peritoneal permeability Analysis (SPA) 
in the first year after start of PD and within the third year of PD, without peritonitis 
preceding the first SPA. For the purpose of the study, we only included patients who 
remained peritonitis free (n=28) or who had 3 or more peritonitis episodes (n=16).
Results: At baseline the groups were similar with regard to small solute and fluid 
transport. However, the frequent peritonitis group had lower peritoneal protein 
clearances compared to the no peritonitis group, resulting in lower dialysate 
concentrations of proteins: albumin 196.5 mg/L versus 372.5 mg/L, IgG 36.4 mg/L 
versus 65.0 mg/L, and α-2-macroglobulin 1.9 mg/L versus 3.6 mg/L, p<0.01. No 
differences in serum concentrations were present. A comparison between the 
transport slopes over time in both groups showed a positive time trend of mass 
transfer area coefficient (MTAC) creatinine (p=0.03) and glucose absorption (p=0.09) 
and a negative trend of transcapillary ultrafiltration (p=0.06), when compared to the 
no peritonitis group. Frequent peritonitis did not affect free water transport.
Conclusions: Slow initial peritoneal transport rates of serum proteins result in lower 
dialysate concentrations, and likely a lower opsonic activity, which is a risk factor 
for peritonitis. Patients with frequent peritonitis show an increase in small solute 
transport and a concomitant decrease of ultrafiltration. In long-term peritonitis-free 
PD patients small solute transport decreased, while ultrafiltration increased. This 
suggests that frequent peritonitis leads to an increase of the vascular peritoneal 
surface area without all the structural membrane alterations that may develop after 
long-term PD.
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INTRODuCTION

Structural and functional integrity of the peritoneum is of crucial importance for 
successful peritoneal dialysis (PD). However, in some long-term PD patients treatment 
is associated with morphologic and functional peritoneal alterations (1). It is well-
known that acute peritonitis causes temporary changes in peritoneal transport 
parameters, like increased solute transport and protein loss, leading to ultrafiltration 
failure. This is observed both during intermittent PD (2) and continuous ambulatory 
PD (CAPD) (3;4). In CAPD these phenomena return to normal values within two weeks 
after cure of the infection, parallel to the locally produced vasoactive substances, 
causing them (5).
 Studies on permanent effects of peritonitis on peritoneal transport have 
shown inconsistent results. Some studies showed no effect (6), while others 
demonstrated a clear consequence of peritonitis on peritoneal membrane function 
(7-10). Some researchers only found a change in peritoneal transport after a severe 
peritonitis or after frequent peritonitis episodes (8;9). However, all these studies 
suffered the lack of a control group representing the natural course. 
 In a recent study, we investigated the possible effect of the very first peritonitis 
episode on peritoneal transport characteristics in new PD patients and distinguished 
its effect from the natural course (11). Patients who experienced a first peritonitis 
episode, later remained at a faster transport state compared to patients without 
peritonitis. In addition, a decrease in macromolecular transport and an increase in its 
size-selectivity was found. Previously, Del Peso et al. have shown a decreasing MTAC 
creatinine and increasing ultrafiltration within the first year after the start of dialysis. 
Similar to our findings, this was not present in patients who suffered peritonitis (12). 
 Controversy exists about the impact of frequent peritonitis on peritoneal 
transport characteristics. Therefore, the aim of the present study was to make a 
comparison of peritoneal transport characteristics between incident PD patients 
with more than three peritonitis episodes during a follow-up of three years, and 
a control group of similar patients who did not experience any peritonitis episode 
before and during the same follow-up time. 

PATIENTS AND METhODS 

Patients

Between 1990 and 2010, all adult patients starting PD in a tertiary-care university 
hospital were included in the study. Data about peritonitis episodes and peritoneal 
transport characteristics were collected prospectively in a large database. We 
compared a Standard Peritoneal permeability Analysis (SPA) in the first year after 
start of PD (‘baseline’) and a SPA within the third year of PD (‘late’). Patients either 
had to remain peritonitis-free or experienced three or more peritonitis episodes 
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during the three year follow-up period. Data were excluded from the analyses, when 
peritonitis preceded the baseline SPA or when a SPA was performed within the acute 
phase of 30 days after peritonitis (Figure 1). Patients were treated with Dianeal 
(Baxter Healthcare S.A., Castlebar, Ireland) between 1990 and 1997, with Dianeal 
or Physioneal (Baxter Healthcare S.A., Castlebar, Ireland) between 1998 and 2004, 
and with Physioneal between 2005 and 2010. The use of icodextrin started in 1997.  

Figure 1. Study design. *The “late” SPA was never done within 30 days after an 
episode of acute peritonitis.

Peritonitis

Peritonitis was diagnosed when at least two of three findings were present: clinical 
symptoms, effluent cell count > 100 cells/μL and a positive culture of the dialysate. 
These criteria have been developed by Vas (13) and adopted by the current guidelines 
of the International Society of Peritoneal Dialysis (ISPD) (14). All episodes were 
treated empirically with a first-generation cephalosporin, which was combined with 
gentamicin when the patient was clinically ill and needed hospitalization. Antibiotic 
treatment thereafter could be adjusted according to the resistance of the causative 
organism. Treatment duration was 1 week after cultures had become negative and 
cell counts reached less than 100 cells/μL. The previously described protocol was 
published in 1985 and has not been changed since (15). 

Standard peritoneal permeability analyses (SPA)

Since 1990 a SPA was performed yearly to assess peritoneal transport characteristics 
(16;17). Only SPA’s using solutions containing 3.86% glucose were selected for this 
study. SPA measurements included the mass transfer area coefficient (MTAC) of 
creatinine, the percentage glucose absorption and peritoneal clearances of serum 
proteins β-2-microglobulin (B2M), albumin, IgG and α-2-macroglobulin (A2M). The 
restriction coefficient to macromolecules (RC) was calculated from these clearances 
(18). It represents the size-selectivity of the peritoneal membrane, i.e. the average 
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large pore radius. In addition, parameters of fluid transport were determined: 
transcapillary ultrafiltration, effective lymphatic absorption, and free water transport 
(19). All calculations were performed as previously described by Pannekeet et al. (16) 
and Smit et al. (17;19). 

Statistical analyses

An independent Student’s t-test, Mann-Whitney (continuous data) or chi-square test 
(categorical data) was used to assess differences in baseline clinical characteristics 
and baseline SPA measurements between the group without peritonitis and the 
frequent peritonitis group. To compare baseline and late measurements in individual 
patients, a paired sample T-test or Wilcoxon signed ranks test (dependent on the 
distribution of the data) was used. Results are expressed as mean values and standard 
deviations, or as median values with interquartile range. Crude and adjusted linear 
mixed models were performed to differentiate between changes in peritoneal 
transport characteristics caused by frequent peritonitis episodes, from the possible 
effects caused by PD duration itself. Adjustments were made for age and diabetes. 
Results are expressed as crude and adjusted slope differences and 95% confidence 
intervals. Data analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

Sensitivity analyses

Adjusted linear mixed models were used to investigate whether the time period of 
start of PD, the number of peritonitis episodes, or the severity of peritonitis modified 
the effect of peritonitis on peritoneal transport. For this purpose only, a group with 1 
or 2 peritonitis episodes (intermediate) was added. The patient cohort was stratified 
by the time period PD was started: time period 1990-2000 or 2000-2010. Severe 
peritonitis was specified as one or more peritonitis episodes with a leukocyte count 
>1090 cells/mm3 on day 3 or >100 cells/mm3 on day 5 of the peritonitis episode and 
compared to a reference group of less severe peritonitis. Results are expressed as 
adjusted slope differences and 95% CIs. A separate analysis could not be done for the 
kind of dialysis solution used, because of the small number of patients in the various 
subgroups.

RESuLTS

Population characteristics

Between 1990 and 2010, 479 adult patients started PD in our center. Of these patients, 
435 patients were excluded. More than half of the patients had an insufficient time 
of follow-up on PD, 31% had missing SPA data, 3% had an episode of peritonitis 
before the first SPA and 5% had only one or two episodes of peritonitis. Eventually, 
44 patients were included in the analysis, 28 patients who remained peritonitis-free 
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and 16 patients who experienced three or more episodes of peritonitis (Figure 2). 
The baseline characteristics are summarized in Table 1. Both groups were similar 
at baseline with respect to age, percentage of males, distribution of causes of end-
stage renal disease (ESRD), the Davies comorbidity score, treatment modality and 
time period of start of PD. No differences in baseline characteristics (age, sex, and 
cause of ESRD) were found between the excluded and included patients in this study. 

Figure 2. Flow chart patient selection. The reasons for insufficient follow-up include 
death, transplantation or transfer to hemodialysis.
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Table 1. Baseline characteristics of the patients.

Characteristic No 
peritonitis

Frequent 
peritonitis

p-value

Number of patients 28 16
Sex (M:F) 14 : 14 10 : 6 0.42
Mean age (yrs) at start PD 55 ± 14 50 ± 14 0.34
Time period of start PD 
(1990-2000 : 2000-2010)

14 : 14 10 : 6 0.42

Diabetes 11 4 0.34
Cause of ESRD 0.81
     Renal vascular disease 3 5
     Diabetic nephropathy 9 4
     Glomerulonephritis 6 2
     Other 10 5
Davies comorbidity score (%) 0.20
     0 comorbidities 29 38
     1-2 comorbidities 54 63
     ≥ 3 comorbidities 18 0
Treatment modality (APD:CAPD)                              6 : 22 5 : 11 0.47
Residual GFR at baseline, estimated by serum β-2-
microglobulin (mg/L)

19.4 ± 8.2 23.8 ± 7.9 0.11

Time from start PD to baseline SPA in months (median (IQR)) 5 (4-6) 4 (3-6) 0.11
Time from start PD to late SPA in months (median (IQR) 39 (32-41) 39 (33-41) 0.72
Time between baseline and late SPA (median (IQR)) 35 (26-36) 36 (27-37) 0.28

Change in peritoneal transport status from baseline to late per group

Table 2 shows a comparison of baseline and late peritoneal transport parameters per 
group. The no peritonitis group, in which the natural time-course is reflected, showed 
a significant decrease from baseline to late in PD treatment for MTAC creatinine (p 
= 0.01) and glucose absorption (p = 0.03), accompanied by an increasing trend for 
transcapillary ultrafiltration (p = 0.09). No differences were observed for the protein 
clearances, effective lymphatic absorption, or free water transport. In contrast, 
only a significant increase was found for the clearance of albumin in the frequent 
peritonitis group. 
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Table 2. Comparison of baseline and late peritoneal transport parameters between 
the group without peritonitis and the group with frequent peritonitis episodes.

baseline SPA Late SPA
No peritonitis Frequent 

peritonitis 
No peritonitis Frequent 

peritonitis
SPA measurement Mean ± SD Mean ± SD Mean ± SD Mean ± SD
MTAC creatinine (ml/min) 11.8 ± 4.1 10.0 ± 3.2 10.0 ± 3.2b 11.5 ± 3.2
Glucose absorption (%) 64 ± 10 61 ± 10 59 ± 9b 64 ± 86
Clearance

B2M (ml/min) 1.2 ± 0.5 1.0 ± 0.4 1.1 ± 0.3 1.2 ± 0.4
Albumin (ml/min) 0.11 ± 0.05 0.07 ± 0.03a 0.10 ± 0.04 0.10 ± 0.04c

IgG (µl/min) 59 ± 30 36 ± 16a 56 ± 34 54 ± 25
A2M (µl/min) 23 ± 20 11 ± 7a 19 ± 23 15 ± 10

Restriction coefficient 2.39 ± 0.32 2.64 ± 0.34a 2.48 ± 0.35 2.64 ± 0.52
ELAR (ml/min) 1.53 ± 0.75 1.48 ± 0.55 1.65 ± 0.85 1.14 ± 0.62a

TCUFR (ml/min) 3.0 ± 1.56 3.91 ± 1.50 3.52 ± 1.50 3.56 ± 1.31
Free water transport 0-60min (ml) 123.3 ± 65.0 141.5 ± 62.4 131.9 ± 85.4 135.7 ± 55.4
aSignificantly different (p<0.05) between no peritonitis and frequent peritonitis group, either at 
baseline or after 3 years.
bSignificantly lower than the baseline SPA of the no peritonitis group.
 cSignificantly higher than the baseline SPA of the frequent peritonitis group.
MTAC creatinine: mass transfer area coefficient of creatinine; ELAR: effective lymphatic absorption 
rate; TCUFR: transcapillary ultrafiltration rate.

Comparison of baseline and late peritoneal transport status between the groups

A comparison between the no peritonitis group and the frequent peritonitis group 
at the baseline SPA and at the late SPA is shown in Table 2. Median time on PD to the 
baseline SPA was 5 months in the no peritonitis group and 4 months in the frequent 
peritonitis group, p = 0.11. Median time to a late SPA was 39 months in both groups, 
p = 0.72. The median time between a baseline SPA and a late SPA was 35 months in 
the group without peritonitis and 36 months in the frequent peritonitis group, p = 
0.28.
 No differences between the no peritonitis group and the frequent 
peritonitis group were observed at baseline for small solute transport, transcapillary 
ultrafiltration, lymphatic absorption, and free water transport. However, at baseline, 
peritoneal clearances of the serum proteins albumin (p = 0.02), IgG (p = 0.01), and 
A2M (p = 0.02) were significantly lower in the frequent peritonitis group compared 
with the no peritonitis group, with a concomitant higher restriction coefficient to 
macromolecules. No differences were present in the plasma concentrations of these 
proteins to explain the difference in clearances between the groups at baseline. 
However, the dialysate concentrations of the macromolecules at baseline were 
significantly (p < 0.01) lower in the frequent peritonitis group compared to the no 
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peritonitis group, median: albumin 196.5 mg/L versus 372.5 mg/L, IgG 36.4 mg/L 
versus 65.0 mg/L, and A2M 1.9 mg/L versus 3.6 mg/L. No significant increase of 
dialysate IgG was found in the group without peritonitis (Figure 3, panel A), while 
in the frequent peritonitis group an increase was present from baseline to late in 
PD treatment (Figure 3, panel B, p = 0.04). Late in PD treatment, the differences in 
dialysate concentrations of serum proteins between the groups were not present 
anymore. 
 Comparison of late SPA measurements between the groups showed only a 
significantly lower effective lymphatic absorption (p = 0.04) in the frequent peritonitis 
group.

Figure 3. Scatter plots for individual dialysate IgG concentrations.
Panel A and B: dialysate IgG for patients without peritonitis (panel A) and patients 
with frequent peritonitis episodes (panel B) at baseline and late in PD treatment. 
At baseline, the dialysate concentrations of dialysate IgG were significantly (p<0.01) 
lower in the frequent peritonitis group compared to the no peritonitis group. The 
dots represent individual patients, the lines represent the median and IQR.
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The effect of frequent peritonitis episodes compared to the natural course

A comparison between the slope of peritoneal transport characteristics in the 
frequent peritonitis group and the group without peritonitis was made. Table 3 shows 
crude and adjusted slope differences. This is further illustrated in Figure 4. After 
frequent peritonitis episodes, patients had a positive time course of MTAC creatinine 
and glucose absorption, leading to an increase, when compared to patients without 
peritonitis (MTAC creatinine: adjusted slope difference: 3.04, 95%CI: 0.40 – 5.67, p = 
0.03; glucose absorption: adjusted slope difference: 6, 95%CI: -1 – 14, p = 0.09). This 
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was accompanied by a negative time course of transcapillary ultrafiltration, leading 
to a decrease (adjusted slope difference: -0.81, 95%CI: -1.63 – 0.02, p = 0.06), when 
compared to the group without peritonitis. Also, patients in the frequent peritonitis 
group had a positive time course of the protein clearances B2M and albumin, leading 
to an increase in comparison with the patients without peritonitis (B2M: adjusted 
slope difference: 0.30, 95%CI: -0.003 – 0.60; p = 0.05, albumin: adjusted slope 
difference: 0.04, 95%CI: 0.005 – 0.07; p = 0.02). Frequent peritonitis episodes did not 
significantly affect the time course of IgG and A2M clearances, lymphatic absorption 
and free water transport. 

Table 3. Comparison of the rate of change in transport parameters in the frequent 
peritonitis group (n=16) compared to the no peritonitis group (n=28).

SPA measurement Crude slope 
difference   (95% CI)

p-value Adjusted* slope difference 
(95% CI)

p-value

MTAC creatinine (ml/min) 3.47 (1.01 – 5.93) 0.01 3.04 (0.40 – 5.67) 0.03
Glucose absorption (%) 8 (0.2 – 15) 0.04 6 (-1 – 14) 0.09
Clearance
     B2M (ml/min) 0.31 (0.02 – 0.60) 0.04 0.30 (-0.003 – 0.60) 0.05
     Albumin (ml/min) 0.04 (0.006 – 0.06) 0.02 0.04 (0.005 – 0.07) 0.02
     IgG (µl/min) 20.9 (-1.1– 42.9 ) 0.06 20.3 (-2.5 – 43.1) 0.08
     A2M (µl/min) 7.9 (-4.9 – 20.7) 0.22 8.6 (-4.8 – 21.9) 0.20
Restriction coefficient -0.08 (-0.41 – 0.24) 0.60 -0.06 (-0.40 – 0.28) 0.73
ELAR (ml/min) -0.45 (-1.03 – 0.14) 0.13 -0.44 (-1.04 – 0.16) 0.14
TCUFR (ml/min) -0.80 (-1.61 – -0.0001) 0.05 -0.81 (-1.63 – 0.02) 0.06
Free water transport0-60min (ml) -16.4 (-82.0 – 49.3) 0.62 1.63 (-65.0 – 68.2) 0.96

Linear mixed models were performed with the group without peritonitis as the reference group. 
*Adjusted for age and diabetes. MTAC creatinine: mass transfer area coefficient of creatinine; ELAR: 
effective lymphatic absorption rate; TCUFR: transcapillary ultrafiltration rate. 
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Figure 4. SPA parameters for the no peritonitis group and the frequent peritonitis 
group, at baseline and late in PD treatment. Baseline values were set to 100%. 
MTAC creatinine (closed circles), glucose absorption (open circles), transcapillary 
ultrafiltration (TCUFR) (closed squares), and the restriction coefficient (closed 
triangles) are given. When comparing the slopes of the transport parameters 
between the no peritonitis and the frequent peritonitis group, frequent peritonitis 
was associated with the development of a faster small solute transport (MTAC 
creatinine p = 0.03, glucose absorption p = 0.09) and a concomitant lower TCUFR (p 
= 0.06). No difference in the rate of change of the restriction coefficient was found 
(p = 0.73).
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Sensitivity analyses

Sensitivity analyses showed no effect of the time period of patient inclusion, nor of 
the number of peritonitis episodes (supplemental data), or their severity on the time 
course of peritoneal transport. The intermediate peritonitis group had a time-course 
very similar to that in the no peritonitis group. Severe peritonitis episodes showed a 
similar association to that of mild peritonitis with peritoneal transport, as shown in 
Table 4.

Table 4. Peritonitis group stratified by peritonitis severity.

SPA measurement Adjusted* slope difference (95% CI) p-value
MTAC creatinine (ml/min) -0.43 (-6.04 – 5.18) 0.87
Glucose absorption (%) 1 (-17 – 19) 1.00
TCUFR (ml/min) -0.43 (-2.01 – 1.14) 0.56
Adjusted linear mixed models were performed. *Adjusted for age and diabetes.
Severe peritonitis (n=9) was defined as one or more peritonitis episodes with a leukocyte count >1090 
cells/mm3 on day 3 or >100 cells/mm3 on day 5 of the peritonitis episode compared to a reference 
group of less severe peritonitis (n=7). 
MTAC creatinine: mass transfer area coefficient of creatinine; TCUFR: transcapillary ultrafiltration rate. 

DISCuSSION

In the present study we found that patients who experienced frequent episodes 
of peritonitis during a three year follow-up period had lower peritoneal clearances 
of serum proteins at the start of PD treatment, compared to patients without 
peritonitis. A concomitant higher restriction coefficient to these macromolecules in 
the frequent peritonitis group was found. Peritoneal transport of macromolecules 
from the circulation to the dialysate is size-selectively restricted by the intrinsic 
permeability of the peritoneal membrane (20;21). As a consequence their mass 
transfer area coefficients or clearances are determined both by the effective 
peritoneal surface area (the total number of intercellular pores) and by the intrinsic 
peritoneal permeability (the large pore radius). The latter can be expressed as the 
peritoneal restriction coefficient, thus the higher the restriction coefficient, the lower 
the permeability to macromolecules. Peritoneal mass transfer area coefficients of 
solutes can be used as an indicator for the effective peritoneal surface area, provided 
that their transport is not hampered by the intrinsic permeability of the membrane, 
which is the case for small solutes, including B2M (22;23). In the present study, no 
difference in B2M clearance between the no peritonitis and frequent peritonitis group 
was found at baseline. However differences were found in the clearances of larger 
proteins, like albumin, IgG, and A2M, indicating that rather than a lower effective 
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surface area, a lower intrinsic permeability of the peritoneal membrane is the cause 
of this observation. As a consequence, this led to lower dialysate concentrations of 
albumin, IgG and A2M. 
 Evidence suggests that cytokines, such as interleukin-6 (IL-6), growth factors 
like vascular endothelial growth factor, together with the release of nitric oxide by 
endothelial cells, play an important role in the regulation of vascular density and 
permeability within the peritoneum. Zemel et al. reported local production of IL-6 
within the peritoneal cavity in stable CAPD patients without peritonitis (24). Dialysate 
IL-6 was related to permeability characteristics of the peritoneal membrane, because 
elevated levels of IL-6 were associated with an increased intrinsic permeability and 
higher IgG clearances. Pecoits-Filho et al. found relationships between dialysate 
IL-6 and peritoneal albumin clearances (25). The possibility of IL-6 as a determinant 
of differences in peritoneal membrane transport characteristics at the start of PD 
is further supported by the finding of Gillerot et al. who identified the -174G/C 
polymorphism of IL-6 as an independent predictor of solute transport. In that study 
dialysate IL-6 concentrations were higher at the start of PD in patients harboring 
the CC and GC genotypes compared with the GG genotype (26). It may be that 
some patients at the start of PD have low dialysate IL-6 concentrations leading 
to a decreased large pore size, with decreased permeability of the peritoneal 
membrane and low dialysate protein levels as a consequence. However, effluent IL-6 
concentrations were not available in the present study. In our analysis the frequent 
peritonitis group was the group with lower dialysate IgG levels at the start of PD, 
compared to the no peritonitis group. Others found that baseline values of peritoneal 
protein leakage, estimated by peritoneal total protein clearance, were independent 
predictors of peritonitis. However, unlike our study, analysis of individual proteins in 
PD effluent was not performed and total protein losses were measured in 24-hour 
effluent (27;28). In contrast, Zemel et al. did not find a correlation between dialysate 
IgG concentration and overall peritonitis incidence (29), but in this study dialysate 
IgG was determined at any moment during PD. 
 It is known that for most pathogens, opsonization is essential for efficient 
phagocytosis. This is dependent on the concentration of specific IgG and/or alternate 
pathway complement components. In vitro studies have shown that dialysate IgG is 
involved in the opsonisation of bacteria (30-32). We hypothesize that slow initial 
peritoneal transport rates of serum proteins result in lower dialysate concentrations 
of IgG, and likely a lower opsonic activity, which is a risk factor for peritonitis. This is 
supported by the findings of Lamperi et al. (33). These authors found a significant 
correlation between the opsonisation capacity for bacteria and IgG concentrations 
in peritoneal effluent. Moreover, they reported an inverse correlation between the 
opsonic capacity of effluent and the number of episodes of peritonitis. Intraperitoneal 
immunoglobulin treatment raised the dialysate opsonisation capacity and lowered 
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peritonitis incidence in patients with a previously high incidence of peritonitis. 
In another study, these authors demonstrated that for patients in whom the 
immunoglobulin therapy did not reduce the peritonitis incidence, only transient 
increases in the dialysate IgG and opsonic activity levels were present. This was due 
to a defective number of peritoneal macrophages Fc receptors, and consequently, a 
decreased binding capacity of IgG (34).
 After 3 years of PD, the differences in dialysate concentrations of 
macromolecules between the no peritonitis group and the frequent peritonitis 
group were not present anymore. Several studies reported increased dialysate levels 
of cytokines and eicosanoids during peritonitis (35;36), leading to an increase of 
the effective surface area of the peritoneum, increased protein clearances and a 
concomitant decreased restriction coefficient (5). It may be that after several episodes 
of peritonitis these effects are not only temporary, but also partly sustained, which 
explains the observation that after three years of PD, the dialysate concentrations of 
macromolecules are equal between the two groups. 
 In the present study, patients with frequent peritonitis episodes showed an 
increase in small solute transport and a decrease of ultrafiltration, which was not 
found in peritonitis-free patients. The latter group, in which the natural time-course 
of peritoneal transport is reflected, showed a significant decrease from baseline to 
late in PD treatment for MTAC creatinine and glucose absorption, accompanied by 
an increasing trend for transcapillary ultrafiltration. This is in contrast with previous 
studies showing an increase in small solute transport and glucose absorption with 
time on PD (37-40). Apparently, this does not apply to patients without peritonitis, 
or patients with only 1 or 2  peritonitis episodes. Therefore, the detrimental effects 
on the time-course of peritoneal transport are only evident in patients with frequent 
peritonitis episodes. Several studies found no correlation between peritonitis and 
changes in peritoneal transport (41-43), probably due to the short observation time, 
a sub-optimal assessment of peritoneal function or by inclusion of patients with a 
limited number of peritonitis episodes. In concordance with our findings, Davies 
et al. showed that frequent peritonitis episodes were associated with significant 
increases in D/P creatinine and reductions in ultrafiltration volume (8). This was 
also found in a more recent study by Fernández-Reyes et al. (44). It suggests that 
frequent peritonitis leads to an increase of the vascular peritoneal surface area. Our 
observation that frequent peritonitis episodes had no significant effect on the time-
course of the restriction coefficient to macromolecules suggests that the increase in 
the effective peritoneal surface area may develop without the concomitant fibrotic 
structural membrane alterations that may develop after long-term PD. 
 The present study has some limitations. First, the study population represents 
a selective group of patients. Because PD is associated with a high drop-out rate 
due to technique failure, transplantation or death, 53% of the original cohort of 
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patients could not be included because of an insufficient follow-up, mainly due to 
transplantation or death. Obviously, patients with a more severe peritonitis episode 
were more at risk to be lost to follow-up. However, this selection procedure will lead 
to the loss of more patients with altered solute transport and ultrafiltration failure, 
making the observation of this study more clinically relevant. Moreover, there were 
no differences in patient characteristics between both groups at baseline. In addition, 
it can be speculated that the lower peritoneal clearance of macromolecules found in 
the frequent peritonitis group at baseline, is due to informative censoring, as recently 
pointed out by Yu et al. (10). These authors refer to studies in which a high protein 
clearance at baseline, is an independent predictor of survival, which may result in 
the potential confounding of longitudinal data due to earlier dropout of patients with 
high protein clearances. However, in a larger study with a longer observation period 
no association between protein clearance and survival was found (45). Second, 
dialysate concentrations of cytokines and growth factors could not be determined, 
as discussed above. Nevertheless, previous studies clearly demonstrated the role of 
IL-6 in peritoneal protein transport (24;25). Thirdly, in our dialysis unit the type of 
dialysis solution has been changed over the years. Although we could not analyze 
possible effects of these changes, the sensitivity analysis comparing the two time 
periods gives no indication for this. One of the strengths of this study, is the use of 
the Standard Peritoneal permeability Analysis instead of the Peritoneal Equilibration 
Test (PET), which provides additional information on pathways of fluid transport 
and includes the peritoneal clearances of several serum proteins from which the 
restriction coefficient to macromolecules can be calculated (46). Moreover, very 
strict inclusion criteria were used: a SPA within the first year and within the third year 
of PD had to be available, without peritonitis preceding the first SPA. A group without 
peritonitis and a group with frequent peritonitis were formed. Because of this, we 
were able to distinguish between changes in peritoneal transport due to frequent 
peritonitis episodes, and changes caused by PD duration itself. 

CONCLuSIONS

The present study has demonstrated that patients with frequent peritonitis episodes 
had an increase in small solute transport and a decrease of ultrafiltration, which 
was not found in patients without peritonitis. This suggests that frequent peritonitis 
leads to an increase of the vascular peritoneal surface area without all the structural 
fibrotic membrane alterations that may develop after long-term PD. In addition, 
compared to patients without peritonitis, patients who experienced frequent 
episodes of peritonitis had lower peritoneal clearances of serum proteins at the start 
of PD. These lower clearances result in lower dialysate concentrations of IgG and 
likely a lower opsonic activity, which is a risk factor for peritonitis.  
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AbSTRACT 

Background: The quality of the peritoneal membrane may deteriorate over time. 
Exposure to glucose-based dialysis solutions, is the most likely culprit. Because 
peritonitis is a common complication of PD, it is difficult to distinguish between the 
effect of glucose exposure and a possible additive effect of peritonitis. The aim of the 
present study was to compare the time-course of peritoneal transport characteristics 
in patients without a single episode of peritonitis -representing the natural course-, 
with that of patients who experienced one or more episodes of peritonitis during 
long-term follow-up.
Methods: This is a prospective, single-center cohort study of incident adult PD 
patients, starting PD from 1990 until 2010. A standard peritoneal permeability 
analysis was performed in the first year of PD treatment and repeated every year. 
The results of patients without a single episode of peritonitis (no peritonitis group) 
were compared to those obtained in patients with one or more peritonitis episodes 
(peritonitis group) during a follow-up of 4 years. 
Results: A total of 124 patients were analysed: 54 patients in the no peritonitis group, 
70 patients in the peritonitis group. The time-course for small solute transport was 
different between both groups, with an earlier and more pronounced increase of 
MTAC creatinine (p = 0.07) and glucose absorption (p = 0.048) in the peritonitis 
group. Net ultrafiltration rate (NUFR) and transcapillary ultrafiltration rate (TCUFR) 
showed a steep increase from the first to second year of PD in the no peritonitis 
group, which was absent in the peritonitis patients. Both groups showed a decrease 
in NUFR after the 3rd year. A decrease of TCUFR occurred only in the peritonitis group. 
This was already present after the first year in patients with severe peritonitis. The 
time-course of free water transport showed a continuous increase in the patients 
without peritonitis, but a decrease for the peritonitis group, p < 0.01. No difference in 
time-course was found for the effective lymphatic absorption rate. The time-courses 
of IgG and α2-macroglobulin clearances showed a decrease in both patient groups, 
with a concomitant increase of the restriction coefficient. These changes were not 
evidently influenced by peritonitis. The two groups showed a similar decrease of the 
mesothelial cell mass marker CA125 during follow-up.
Conclusions: On top of the natural course of peritoneal function, peritonitis episodes 
influence to some extent the time-course of small solute and fluid transport, 
especially that of solute-free water. These modifications will increase the risk of over 
hydration.
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INTRODuCTION

The peritoneum is used as a dialysis membrane in peritoneal dialysis. Its quality 
may gradually deteriorate with time on PD due to neo-angiogenesis, vasculopathy 
and peritoneal fibrosis (1;2). A decrease of the efficacy of PD in terms of excess 
fluid removal is the main functional abnormality. Chronic exposure to dialysis 
solutions with extremely high glucose concentrations is the most likely culprit in 
the pathogenesis of the above mentioned alterations (3). In addition, peritonitis has 
been hypothesized to contribute to these changes (4). 
 Several studies have shown that acute peritonitis leads to increased solute 
transport and protein loss, the former leading to ultrafiltration failure (5;6). However, 
peritoneal transport parameters return to normal values within two weeks after 
cure of the infection, parallel to the locally produced vasoactive substances, causing 
them (7). Controversy exists about the permanent effects of peritonitis on peritoneal 
transport. Some studies reported a negative effect of peritonitis on the time-course 
of peritoneal function (8), while others only found an impact of early peritonitis (9) 
or severe peritonitis (4), or were unable to demonstrate an influence (10). 
 Recently, we conducted two studies to analyse the effect of peritonitis on 
transport. In the first study we found that patients who experienced a first peritonitis 
episode, remained at a faster transport state compared to patients without peritonitis 
one year after this complication (11). The second study compared the change in 
peritoneal transport from baseline to the third year of PD between patients without 
peritonitis and patients with frequent peritonitis episodes (12). The frequent 
peritonitis group showed an increasing time trend for small solute transport with 
a concomitant decrease in transcapillary ultrafiltration, when compared to the no 
peritonitis group.
 Our finding that both a single and frequent peritonitis episodes lead to a 
different time-course of some transport parameters compared to the natural course, 
was reason to perform the present study. We aimed to investigate the effect of all 
peritonitis episodes on the time-course of peritoneal transport in comparison with 
its natural time-course, so in the absence of any peritonitis episode.

PATIENTS AND METhODS 

Design

This is a prospective, single-center cohort study of incident adult PD patients, 
starting PD from 1990 until 2010. Data collection included baseline demographics, 
data on peritonitis episodes and on peritoneal function. The latter was assessed by 
the standard peritoneal permeability analysis (SPA). SPAs were performed in the first 
year of PD treatment and repeated every year. 
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Patients

For the present analysis, patients had at least two, and a maximum of four 3.86% 
SPAs available. The first SPA had to be done within the first year of PD treatment. 
Patients were divided in two groups: a group who never had peritonitis -representing 
the natural course-, and a group who had one or more peritonitis episodes between 
the first and last available SPA. Data were excluded from the analyses, when 
peritonitis preceded the baseline SPA or when a SPA was performed within the acute 
phase of 30 days after peritonitis. The start of PD was chosen as baseline for patient 
characteristics. Davies comorbidity score was used to classify the comorbidity of each 
patient (13). Patients were treated with Dianeal (Baxter Healthcare S.A., Castlebar, 
Ireland) between 1990 and 1997, with Dianeal or Physioneal (Baxter Healthcare S.A., 
Castlebar, Ireland) between 1998 and 2004, and with Physioneal between 2005 and 
2010. The use of icodextrin started in 1997.

Peritonitis

Peritonitis was diagnosed following the criteria developed by Vas (14): at least two 
of three findings had to be present: clinical symptoms, effluent cell count > 100 
cells/μL and a positive culture of the dialysate. Since 1985 all peritonitis episodes 
were treated according to the same published protocol (15). Peritonitis was treated 
empirically with a first-generation cephalosporin, which was combined with 
gentamicin when the patient was clinically ill and needed hospitalization. Antibiotic 
treatment thereafter could be adjusted according to the resistance of the causative 
organism. Treatment duration was 1 week after cultures had become negative and 
cell counts reached less than 100 cells/μL. 

Standard peritoneal permeability analyses

The standard peritoneal permeability analyses were performed during 4-hour dwells 
with a 3.86% solution, as described previously (16). SPA measurements included 
the mass transfer area coefficient (MTAC) of creatinine, the percentage glucose 
absorption and peritoneal clearances of a variety of serum proteins: β2-microglobulin 
(B2M, radius 16 Å), albumin (36 Å), IgG (54 Å) and α2-macroglobulin (A2M, 89 Å). The 
restriction coefficient to macromolecules (RC), which represents the size-selectivity 
of the peritoneal membrane, i.e. the average large pore radius, was calculated from 
these clearances (17). The following parameters of fluid transport were determined: 
net ultrafiltration, transcapillary ultrafiltration, effective lymphatic absorption, 
and free water transport. All calculations were performed as previously described 
by Pannekeet et al. (18) and Smit et al. (19). The concentration of the biomarker 
cancer antigen 125 (CA125) was measured in the drained effluent after 4 hours. This 
glycoprotein, which can be considered a marker of mesothelial cell mass or turn-
over (20), was measured since 1997. Effluent CA125 is expressed as its dialysate 
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appearance rate, that is the total amount present in the effluent divided by the 
duration of the dwell. 

Statistical analyses

Results are expressed as mean values and standard deviations, or as median 
values with interquartile range. An independent Student’s t-test, Mann-Whitney 
(continuous data) or chi-square (categorical data) were used to assess differences in 
baseline characteristics between the no peritonitis group and the peritonitis group. 
A linear mixed model was used to analyse possible differences in time-courses of 
the repeatedly measured transport parameters between both groups. Adjustments 
were made for age and diabetes. All statistical analyses were performed within SPSS 
Statistics 19.0. Statistical significance was indicated by p-values below 0.05. 

Sensitivity analyses

Adjusted linear mixed models were used to investigate whether the number of 
peritonitis episodes, or the timing or severity of peritonitis modified the effect of 
peritonitis on peritoneal transport. For this purpose, a group with 1 or 2 peritonitis 
episodes was compared to a group with 3 or more peritonitis episodes. Early 
peritonitis was defined as < 2 years after the start of PD and compared to a reference 
group of late peritonitis, defined as > 2 years after start of PD. Severe peritonitis was 
specified as one or more peritonitis episodes with a leukocyte count >1090 cells/
mm3 on day 3 or >100 cells/mm3 on day 5 of the peritonitis episode and compared 
to a reference group of mild peritonitis.

RESuLTS

Patients

A flow diagram of the patient selection is shown in Figure 1. A total of 124 patients 
was included in the analyses. Of these 54 patients remained peritonitis-free during 
follow-up, the other 70 patients experienced one or more episodes of peritonitis. 
The distribution of the peritonitis episodes among the patients is shown in Figure 2. 
Baseline patients characteristics, according to the study groups, are given in Table 1. 
The groups were similar for all parameters, except for the interval between the start 
of PD and the last SPA and that between the first and the last SPA. Both were longer 
in the peritonitis group.
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Figure 1. Flow chart patient selection.

Figure 2. Distribution of peritonitis episodes. 
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Table 1. Baseline characteristics of the patients.

No 
peritonitis

Peritonitis p-value

Number of patients 54 70
Sex (M:F) 29 : 25 35 : 35 0.68
Mean age (yrs) 55 ± 15 54 ± 15 0.61
Time period of start PD (1990-2000 : 2000-2010) 17 : 37 26 : 44 0.51
Diabetes (%) 37 30 0.41
Cause of ESRD 0.61
     Renal vascular disease 11 12
     Diabetic nephropathy 13 20
     Glomerulonephritis 4 12
     Other 26 26
Davies comorbidity score (%) 0.80
     0 comorbidities 33 39
     1-2 comorbidities 57 54
     ≥ 3 comorbidities 9 7
Treatment modality (APD:CAPD) 19 : 35 22 : 48 0.66
Time from start PD to first SPA (months, median and IQR) 4 (4-5) 4 (3-6) 0.38
Time from start PD to last SPA (months, median and IQR) 27 (17-34) 32 (17-40) 0.04
Time between first and last SPA (months, median and IQR) 23 (12-26) 26 (14-35) 0.01

Small solute transport

Figure 3 shows the time-courses of MTAC creatinine and glucose absorption in 
the two groups. The time-courses for small solute transport between the first and 
second year showed a decrease in both groups. Thereafter, both MTAC creatinine 
and glucose absorption increased in the peritonitis group. Such increase only started 
in the patients without any peritonitis episode after 3 years. As a consequence the 
time-courses of the two groups were different for MTAC creatinine, p = 0.07 and for 
glucose absorption, p = 0.048.
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Figure 3. Time-courses for small solute transport.
Linear mixed model estimations (mean ± SEM) of the time-course of MTAC 
creatinine (left panel) and glucose absorption (right panel) in the no peritonitis (--)  
and peritonitis group (--●--). The number of patients at each time point is given 
below the horizontal axis. The time-courses of the peritonitis group were different 
from those of the no peritonitis group for MTAC creatinine (p = 0.07) and glucose 
absorption (p = 0.048).
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Fluid transport and lymphatic absorption

The net ultrafiltration rate (NUFR), the transcapillary ultrafiltration rate (TCUFR), free 
water transport at 60 minutes (FWT) and the effective lymphatic absorption rate 
(ELAR) are shown in Figure 4. NUFR showed a steep increase from the first to second 
year of PD in the no peritonitis group, while this increase was absent in the peritonitis 
patients. After the third year of PD, both groups showed a decrease in NUFR. The 
time-course of TCUFR showed a similar increase between the first and second year 
of PD in the no peritonitis group, thereafter it remained stable. In contrast, TCUFR 
remained stable from the start of PD in the peritonitis group, but decreased after 
the third year of PD therapy. A decrease was already present after the first year in 
those with severe peritonitis, making the time course of TCUFR between severe and 
mild peritonitis significantly different (Figure 5). The time-course of FWT showed 
a continuous increase in time for the no-peritonitis group, and a decrease in time 
for the peritonitis patients. The time-course of ELAR remained unaltered in the 
peritonitis group, while the no peritonitis patients showed some decrease between 
the first and second year of PD, followed by an increase after the third year of PD. 
The time-courses in the no peritonitis and the peritonitis groups were significantly 
different for NUFR, TCUFR, and for FWT. No difference in time-course was found for 
the ELAR.
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Figure 4. Time-courses for fluid transport.
Linear mixed model estimations (mean ± SEM) of the time-course of net ultrafiltration 
rate (left upper panel), transcapillary ultrafiltration rate (right upper panel), effective 
lymphatic absorption rate (left lower panel), and free water transport at 60 minutes 
(right lower panel) in the no peritonitis (--) and peritonitis group (--●--). The number 
of patients at each time point is given below the horizontal axis. The time-courses 
of the peritonitis group were significantly different from those of the no peritonitis 
group for NUFR (p = 0.01), TCUFR (p = 0.03), and FWT at 60 minutes (p < 0.01). The 
time-course of the effective lymphatic absorption rate was not different between the 
groups (p = 0.71). 
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Figure 5. The time-course of TCUFR between severe and mild peritonitis. 
Linear mixed model estimations (mean ± SEM) of the time course of TCUFR in the 
mild peritonitis (--) and severe peritonitis group (--●--). The number of patients at 
each time point is given below the horizontal axis. The time-course of the severe 
peritonitis group was significantly different from that of the mild peritonitis group 
(adjusted slope difference: -0.38, 95% CI: -0.04 to -0.71; p = 0.03). 
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Large solute transport

Figure 6 shows the time-course of the clearances of serum β2-microglobulin, albumin, 
IgG, α2- macroglobulin and the restriction coefficient. As expected, the time-course of 
B2M followed the time-course of MTAC creatinine during the first years. In contrast, 
the IgG and A2M clearance showed a decrease in both patient groups. Peritoneal 
clearances of albumin were stable during follow-up. For none of the investigated 
protein clearances a difference in time-course was present between the no peritonitis 
and the peritonitis group. The restriction coefficient to macromolecules showed an 
increase after 2 years in the peritonitis group. The increase started after 3 years in 
the no peritonitis group. This difference in time-course was borderline significant (p 
= 0.06).
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CA125 time-course

The effluent appearance rates of the mesothelial cell mass marker CA125 in the two 
groups are shown in Figure 7. The two groups showed a similar decrease during 
follow-up.

Sensitivity analyses

With the exception of TCUFR (see above), sensitivity analyses showed no effect of 
the number or timing of the peritonitis episodes on the time-course of peritoneal 
fluid and solute transport (data not shown). 
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Figure 6. Time-courses for large solutes. Linear mixed model estimations (mean ± 
SEM) of the time-course of the clearance of B2M (left upper panel), the clearance of 
albumin (right upper panel), the clearance of IgG (left middle panel), the clearance 
of A2M (right middle panel) and the restriction coefficient (lower panel) in the no 
peritonitis (--) and peritonitis group (--●--). The number of patients at each time 
point is given below the horizontal axis. No differences were present between the 
groups for cl B2M, p = 0.45; cl alb, p = 0.74; cl IgG, p = 0.42; cl A2M, p = 0.19. The 
time-course for the RC was borderline significant, p = 0.06. 
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Figure 7. The time-course for the appearance rate of CA125. 
Linear mixed model estimations (mean ± SEM) of the time-course of the appearance 
rate of CA125 in the no peritonitis (--) and peritonitis group (--●--). The number of 
patients at each time point is given below the horizontal axis. No differences were 
present between the groups (p = 0.71). 
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DISCuSSION

The long-term integrity of the peritoneum as a dialysis membrane is threatened 
by the continuous exposure to glucose containing dialysis solutions. The present 
observational cohort study has shown that on top of the exposure effects, peritonitis 
episodes influence to some extent the time-course of small solute-, protein- and free 
water transport. Two possibilities can be distinguished, i.e. the alterations start at an 
earlier state compared to the natural course without peritonitis, or the time-courses 
are completely different.
 A number of studies have shown that the time-course of small solute 
transport follows a U-shaped profile (21;22). In general the highest values are 
present during the first months, followed by a gradual decrease. The lowest values 
are usually reached after two or three years of PD (23;24). The present study showed 
that the subsequent rise starts earlier in the peritonitis group, compared to the 
patients without any peritonitis episode. As expected, the natural time-course of 
net ultrafiltration in the latter group mirrored that of glucose absorption during the 
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first three years, but the subsequent decrease was more pronounced than expected 
from small solute transport, suggesting an additional cause. Such decrease was 
not found for transcapillary ultrafiltration. It is speculative whether the increase in 
effective lymphatic absorption that was found between three and four years in the 
no peritonitis group contributed to the above decrease in net ultrafiltration. We 
previously found relationships between the ELAR and parameters of small solute 
transport in a cross-sectional analysis (25) and postulated that these might have been 
caused by an increased number of interstitial lymphatics that accompany peritoneal 
blood vessels. This is supported by a study from Japan, in which an increase in the 
number of lymphatic vessels was found in patients with impaired ultrafiltration (26). 
The discussed effects of PD duration on net ultrafiltration, transcapillary ultrafiltration 
and effective lymphatic absorption in the patients without any peritonitis episode 
were absent in the peritonitis group, except a decrease in net- and transcapillary 
ultrafiltration after three years, possibly caused by a decrease in osmotic conductance, 
pointing to structural alterations in peritoneal tissue. 
 The strongest observation was the difference in the time-course of free 
water transport. The no peritonitis group showed an almost linear increase in 
FWT with time on PD, while a slight decrease during follow-up was present in the 
peritonitis group. Peritoneal free water transport occurs through the endothelial 
water-channel aquaporin-1 (AQP-1), as reviewed recently (27). We hypothesize that 
the increase of FWT in the no peritonitis group is due to stimulated expression of 
AQP-1 in the peritoneal membrane, possibly by chronic exposure to dialysis solutions 
with a low molecular weight osmotic agent that causes hypertonicity, like glucose. 
Peritoneal AQP-1 probably has no function in healthy individuals. During peritoneal 
dialysis, a cristalloid osmotic gradient is created in the peritoneal cavity. This requires 
the presence of functioning water channels to induce adequate ultrafiltration (28), 
which may be a trigger to up-regulate AQP-1 expression. This hypothesis is supported 
by two experimental studies. The study of Umenishi et al. (29) demonstrated 
that AQP-1 protein expression was increased by a hypertonic gradient in cultured 
mouse medullary cells. Lai et al. (30) showed a significant enhancement of AQP-1 
biosynthesis upon exposure to glucose in a time- and dose dependent manner in 
human peritoneal mesothelial and endothelial cells. The decreasing time-course of 
FWT in the peritonitis group follows the pattern of the other fluid transport parameters 
in these patients. The data on free water transport are especially interesting in view 
of its time-course in patients who develop encapsulating peritoneal sclerosis (EPS). 
Severely impaired FWT gave the best prediction of this complication (31). The present 
finding makes it likely that peritonitis contributes evidently to the development of 
EPS.
 Peritoneal transport of serum proteins occurs mainly through the small 
interendothelial pores or through the large ones, depending on their size. Beta-2-
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microglobulin can easily pass the small pores that have a radius of 47 Å. The radius 
of albumin suggests restricted passage through small pores, but also pass through 
the large pore system. The radii for IgG and alpha-2-macroglobulin are so large 
that they can only be transported through the large pore system. The magnitude 
of peritoneal protein clearances is not only dependent on pore size, but also on 
the number of pores available. As expected from the above considerations, B2M 
clearance mimicked that of MTAC creatinine with the exception that no long-term 
increase was present in the no peritonitis group. Albumin clearance remained at a 
constant level during follow-up and showed no differences between the two patient 
groups. The peritonitis independent decrease in IgG and A2M clearances in long-
term PD patients with an accompanying increase in the restriction coefficient, points 
to the development of a decreased intrinsic membrane permeability to the transport 
of macromolecules. We published similar findings obtained in another population 
(32). A reduction of the average large pore radius or a size dependent interstitial 
barrier are both possible. 
 The effluent appearance rate of CA125 decreased with the duration of 
PD, irrespective of peritonitis. This suggests a reduction of mesothelial cell mass, 
making the peritoneum more vulnerable to noxious agents. This is in accordance 
with the results of previous longitudinal studies from our group in patients exposed 
to conventional dialysis solutions (33) and more recently also in those exposed to 
‘biocompatible’ ones only (34). Our group has shown previously that effluent CA125 
is only moderately increased during the first few days of acute peritonitis and rapidly 
returns to normal values during cure of the infection (35).
 No effect of the number or timing of the peritonitis episodes on the time-
course of peritoneal transport was found. Only severe peritonitis was associated 
with a decreased TCUFR when compared to mild peritonitis. This is in accordance 
with the findings of others (4;36;37). In a recent study, we found no evidence for 
an effect of peritonitis severity on transport (12), possibly because of the smaller 
number of patients in that study.
 Shortcomings of the present investigation are the relatively small cohort of 
patients and the fact that it is a single center study. Also, it cannot be excluded with 
certainty that the switch from conventional dialysis solutions to ‘biocompatible’ ones 
might have influenced the results to some extent. Although we could not analyse 
possible effects of these changes, because of the small number of patients in the 
various subgroups, at baseline the groups were not different for the time period 
PD had been started. Most studies on possible differences in peritoneal transport 
between conventional and ‘biocompatible’ dialysis solutions reported no effect, but 
are hampered by short observation periods, as reviewed in (38). Only the recently 
published RCT by Johnson et al. with a follow-up of 2 years found differences in time-
courses for some transport parameters, but reported them only as linear trends and 
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did not take peritonitis into account (39). The observed difference in time between 
the groups from the start of PD to the last SPA measurement was inevitable, because 
the presence of acute peritonitis leads to a mandatory postponement of the SPA. 
The strength of our study is the very much standardized way of performing the 
analyses and the inclusion of all transport parameters that can be measured in PD 
patients. These include not only small solute transport and net ultrafiltration, but 
also free water transport, effective lymphatic absorption, and the transport of several 
proteins enabling assessment of the time-course of the peritoneal restriction barrier 
to macromolecules. To the best of our knowledge this is the first study describing 
the natural time-course of peritoneal function, induced by long-term exposure to 
glucose-based dialysis solutions, and its modifications caused by peritonitis.
 In conclusion, the present study showed that the natural time-course 
of peritoneal function in PD patients chronically exposed to dialysis solutions, is 
characterized by a U-shaped profile of small solute transport with a minimum value 
after 3 years, followed by a rise. Net ultrafiltration has a mirror image, while effective 
lymphatic absorption follows small solute transport closely. Free water transport 
shows a continuous rise during follow-up. Peritoneal clearances of proteins that are 
transported through the large pore system decrease during long-term follow-up, 
which is associated with a decrease in the intrinsic permeability of the peritoneal 
membrane to macromolecules. Effluent CA125 decreases during follow-up. 
Peritonitis has no effect on the time-course of protein transport and CA125. But, it 
modifies the U-shape of small solute transport, decreases ultrafiltration and inhibits 
the rise of free water transport. Therefore peritonitis modifies peritoneal transport 
in a way that the risk of over hydration is increased.
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AbSTRACT

Background: Peritonitis in peritoneal dialysis (PD) patients may lead to technique 
failure and contributes to infection-related mortality. Therefore, prevention and 
optimizing treatment are important in the care for PD patients. In this study we 
analyse the incidence of peritonitis, causative pathogens, clinical outcome and trends 
in relation to three major treatment changes that occurred from 1979 onwards: the 
use of a disconnect system since 1988, daily mupirocin at the exit-site since 2001 and 
the exclusive use of biocompatible dialysis solutions since 2004.
Methods: In this analysis of prospectively collected data, peritonitis episodes were 
included from the start of PD in our centre in August 1979 until July 2010. Four groups 
of incident PD patients were made. Group 1: 182 patients with 148 first peritonitis 
episodes which occurred between 1979 and 1987, before the introduction of the 
disconnect system. Group 2: 352 patients with 239 first episodes of peritonitis 
between 1988 and 2000, i.e. before the implementation of daily mupirocin application 
on the catheter exit-site. Group 3: 79 patients, 50 first peritonitis episodes between 
2001 and 2003, before the switch to biocompatible solutions. Group 4: 118 patients, 
91 first peritonitis episodes after 2004. Cephradine was used as initial antibiotic 
treatment.
Results: In 32 years, 731 adult patients started PD and a total of 2234 episodes 
of peritonitis were diagnosed and treated. 88% of these were cured with medical 
treatment only, 10% resulted in catheter removal and in 3% the patient died during 
peritonitis. Median time to the first peritonitis episode increased from 40 days for 
group 1, 150 for group 2, 269 for group 3, to 274 for group 4. Overall peritonitis rates, 
Gram-positive peritonitis and Gram-negative peritonitis rates, showed a decreasing 
time-trend. However, antibiotic treatment duration increased in time, with the 
longest duration of treatment in group 3 and 4. This was accompanied by a higher 
percentage of an antibiotic switch. Increased resistance to cephradine was found for 
coagulase-negative Staphylococcus. 
Conclusions: Peritonitis rates decreased significantly over the years, because of several 
changes in PD treatment. However, the necessity to change our initial antibiotic 
increased due to diminished antibiotic susceptibility rates in time. Nevertheless, the 
cure rate was high and remained stable during the whole period analysed and the 
death rate remained low, consequently peritonitis is a manageable complication of 
PD, that cannot be considered a contraindication to this mode of renal replacement 
therapy.
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INTRODuCTION

Chronic peritoneal dialysis treatment without the occurrence of peritonitis is 
impossible. Although the majority of cases follow a rather benign course with 
appropriate antibiotic treatment, some episodes are complicated by hospitalization 
and temporary or permanent loss of the PD catheter. Severe and long-lasting 
peritonitis can probably lead to peritoneal membrane failure and hence the need 
to discontinue PD and switch to hemodialysis. In a recent study in 709 incident PD 
patients participating in the Netherlands Cooperative Study on Adequacy of Dialysis 
(NECOSAD), infections were the reason to switch to hemodialysis in 10-18% of them 
in the first three years of PD, depending on the duration of treatment (1). Moreover, 
peritonitis contributes to a significant portion of infectious-related mortality in PD 
patients (2). Therefore, preventing peritonitis and optimizing peritonitis treatment 
are important aims in the care for PD patients. 
 In 1979 chronic PD was started as a renal replacement therapy in our 
centre. In the years thereafter three important treatment changes were realized. 
First, we switched to disconnect systems in 1988 (Twinbag), second the application 
of mupirocin at the exit-site of the catheter was implemented in 2001, and thirdly 
biocompatible dialysis solutions were used in all patients since 2004. Since 1979 731 
adult patients were started on PD and a total of 2234 episodes of peritonitis were 
diagnosed and treated. The aims of present analyses in this cohort were to analyse 
the incidence of peritonitis, the causative pathogens, the clinical outcome and trends 
in the above findings in relation to the three major treatment changes. 

PATIENTS AND METhODS 

Patients

From 1979 to July 2010 all patients aged 18 years and older who were treated with 
PD in the Academic Medical Centre, were included in the study. From the day PD 
was started, all peritonitis data were collected prospectively in a large database. The 
data include patient characteristics, start and duration of every peritonitis episode, 
causative organisms, dialysate leucocyte counts, type and duration of antibiotic 
treatment, antibiotic resistance and outcome of peritonitis, which could be cure, 
change of PD catheter, transfer to hemodialysis or death. The time of the start of PD 
to the first episode of peritonitis in months was computed. Primary kidney disease 
was classified into 9 main categories according to the codes of the European Renal 
Association – European Dialysis and Transplantation Association. Patients with two 
or more pathogens isolated from the cultures in a peritonitis episode are considered 
as polymicrobial peritonitis. A relapse of peritonitis was defined when the same 
organism or a culture-negative peritonitis episode was identified within 4 weeks of 
completing appropriate antibiotic therapy for the previous peritonitis episode. 
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Peritonitis diagnosis and treatment protocol

In patients with cloudy fluid and/or abdominal pain and/or fever, a sample of 
dialysate effluent was obtained for a cell count with differential, Gram stain and 
culture. Peritonitis was defined as the presence of two out of three criteria namely, 
clinical symptoms, effluent cell count > 100 cells/μL and a positive culture. These 
criteria were developed by Vas (3) and confirmed in the current guidelines of the 
International Society of Peritoneal Dialysis (ISPD) (4). Except for the first count after 
presentation, all cell counts were performed in peritoneal effluent after the long 
dwell. The patients who were not admitted to the hospital, were instructed to bring 
the first clear night bag to the outpatient clinic. Initial treatment consisted of a first 
generation cephalosporin which was combined with gentamycin when the patient 
was clinically ill and needed hospitalisation. Cephradine was the first generation 
cephalosporin that was used. It was replaced by cephalothin after cephradine had 
been taken from the market in 2008. When hypersensitivity reactions occurred, 
vancomycin was given. Antibiotic treatment thereafter could be adjusted according 
to the antibiotic resistance of the causative organism. Treatment duration was for 
one week after cultures had become negative and the cell counts were < 100 cells/
μL. The protocol was published in 1985 and has not been changed thereafter (5).

Statistical analysis

To analyse possible associations between categorical data, the chi-square test was 
applied. For continuous variables the Kruskal-Wallis or Mann-Whitney test was used. 
Results are expressed by mean values and standard deviations or by median values 
and ranges. To analyse the clinical outcome and incidence of peritonitis in relation 
to the three major changes in PD treatment, 4 groups of incident PD patients were 
formed. Group 1 consisted of 182 patients who started PD between 1979 and 1987, 
so before the introduction of disconnect systems. These 182 patients experienced 
148 first peritonitis episodes. Group 2 comprised 352 PD patients who started PD 
between 1988 and 2000, i.e. before the implementation of daily mupirocin on the 
catheter exit-site. They underwent a total of 239 first peritonitis episodes. Group 3 
contained 79 patients who started PD  between 2001 and 2003, before the switch to 
the solely use of biocompatible solutions; with 50 first peritonitis episodes. Group 4 
consisted of the remaining 118 patients who started PD  after 2004 and had 91 first 
peritonitis episodes. The Jonckheere Trend Test was used for analysis of linear trends 
in time for peritonitis incidence. A Kendall’s tau test was employed to calculate the 
correlation coefficient. All statistical analyses were performed using SPSS version 
19.0 for Windows. A p value less than 0.05 was considered significant.
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RESuLTS

General

Between August 1979 and July 2010 731 patients of 18 years and older started 
treatment with PD. Median age at the start of PD was 52 years (range: 18-87) 
with 57% males. Diabetic nephropathy was the cause of renal failure in 22% of the 
patients. Further details are given in Table 1. Death was the reason for discontinuation 
of PD in 38% of the patients, followed by switch to hemodialysis (29%) and renal 
transplantation (28%). In 3% it was possible to stop PD because of reoccurrence 
of kidney function, and in 3% the patient was transferred to another hospital and 
lost to follow-up. Causes of death were classified as cardiovascular (29%), infectious 
complications (22%), treatment refusal (11%) and unidentified causes (35%), when 
the patient died suddenly at home, probably from cardio- or cerebrovascular causes. 

Table 1. Demographic and baseline clinical characteristics of all incident PD patients 
and of the 4 groups based on changes in PD treatment.

Single bag

Group 1

Twinbag

Group 2

Twinbag + 
Mupirocin

Group 3

Twinbag + 
Mupirocin + 

Biocompatible
Group 4

Total

Time period 1979-1987 1988-2000 2001-2003 2004-2010 1979-2010
Number of patients 182 352 79 118 731
Sex (M:F) 96 : 86 213 : 139 43 : 36 67 : 51 419 : 312
Mean age (yrs) at start PD 49 ± 15 52 ± 16 53 ± 17 54 ± 17 52 ± 16*
Cause of ESRD (%)
  Glomerulonephritis 26 16 11 12 17*
  Interstitial nephritis, including  
  pyelonephritis, drug induced 
  nephropathy and urolithiasis

19 10 10 3 11*

  Cystic kidney disease 6 7 5 7 7
  Other congenital and hereditary 
  kidney diseases

1 1 6 3 2*

  Renal vascular disease 8 19 17 21 16*
  Diabetic nephropathy 21 23 18 21 22
  Other multisystem diseases 9 9 11 12 10
  Others/Unknown 11 14 22 21 15*
Treatment modality (APD:CAPD) 1 : 181 19 : 332 25 : 54 52 : 21 105 : 625*

*p<0.05 in analysis of variance
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Peritonitis incidence and outcome 

No peritonitis occurred in 203 of the 731 patients (28%). The remaining 528 patients 
experienced in total 2234 peritonitis episodes. Median time from start of PD to the 
first episode of peritonitis was 128 days (0-3450). Relapsing peritonitis occurred in 
301 of the 2234 episodes (13%), of the remaining 1933 peritonitis episodes, 71% 
contained a single organism on culture, 21% was polymicrobial and 9% was culture-
negative. The peritonitis rate declined from 4.4 episodes/patientyear in 1979 to 1.4 
episodes/year in 1989, one year after the introduction of the Twinbag system. After 
that it decreased to 0.95 episodes/year of PD in 2010, as shown in Figure 1. Most of 
the peritonitis episodes (88%) were cured by antibiotic treatment. Catheter removal 
was required in 10% of the peritonitis episodes. In 3% the patient died during 
peritonitis. Analysis of the cause of death in them showed that 46% (30) died due to 
peritonitis, and 6% (4) died because of other infections. Death due to cardiovascular 
causes during peritonitis occurred in 33% (22) of the patients. 

Figure 1. Peritonitis incidence per year.
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Causative pathogens

Table 2 shows the distribution of causative pathogens of all peritonitis episodes. Most 
of the peritonitis episodes were caused by Gram-positive organisms (57%). Most 
often CNS was cultured in 30%, followed by S. aureus, Streptococcus species and 
Enterococcus species. In 11% of all peritonitis episodes Gram-negative organisms like 
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Pseudomonas species, E. coli and other Gram-negative organisms were found. Fungi 
were the cause of peritonitis in 1%. 
 Figure 2 shows PD catheter removal for all peritonitis episodes, specified 
by organism, but with the exclusion of polymicrobial peritonitis. Peritonitis due to 
fungi (38%) and Pseudomonas (32%) resulted in greatest catheter loss, followed by 
S. aureus. Culture-negative peritonitis resulted in 4% catheter loss. Catheter removal 
was required in 9% in non-relapsing peritonitis episodes and in 14% in relapsing 
peritonitis, p < 0.01. 

Analysis of peritonitis episodes in relation to the three treatment changes

Table 1 shows the baseline characteristics of the 4 groups. Over the years patients 
were older at the start of PD and more patients started automated PD (APD) than 
continuous ambulatory PD (CAPD). The cause of end stage renal disease was different 
between the groups. The median time to the first peritonitis episode in days was 40 
for group 1, 150 for group 2, 269 for group 3 and 274 for group 4 (p < 0.01). Figure 3 
shows the Kaplan-Meier analysis for the time to the first peritonitis episode in the four 
groups. Table 3 summarizes peritonitis outcome, antibiotic treatment and antibiotic 
switch in incident patients with their first peritonitis. The single bag group had a lower 
percentage of catheter removal compared to group 2. Median antibiotic treatment 
duration increased in time, with the longest duration of treatment in group 3 and 4. 
This was accompanied by a higher percentage of an antibiotic switch, as shown in 
Table 3. Antibiotic resistance trends for S. aureus did not change significantly over 
time for flucloxacillin. The resistance to cephradine of CNS increased from 0.8% in 
group 1, to 5.8% in group 3. The susceptibility of Pseudomonas for aminoglycosides 
showed no change. Table 4 shows a comparison of peritonitis rates between the 
four groups. S. aureus and S. epidermidis peritonitis rates declined significantly in 
time (p = 0.01). After the sole use of biocompatible dialysis solutions, Gram-negative 
peritonitis due to E. coli species declined (p = 0.03). However, there was no decrease 
of peritonitis caused by Pseudomonas species. A decreasing time trend was found 
for the rate of relapsing peritonitis, p ≤ 0.01.



134

Chapter 8

Table 2. Distribution of causative pathogens of peritonitis.
Organism n (%)
Overall 2234 (100)
Gram-positive
     CNS 681 (30)
     S.aureus 342 (15)
     Streptococcus sp. 149 (7)
     Enterococcus sp. 32 (1)
     Others 88 (4)
Gram-negative
     Pseudomonas sp. 53 (2)
      E. coli 44 (2)
     Others 152 (7)
Fungi 24 (1)
Mycobacterium 2 (0.1)
Others 16 (1)
Polymicrobial 429 (19)
Culture-negative 222 (10)

Figure 2. PD catheter removal, specified by organism (%).
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Figure 3. Time to first peritonitis per group, maximal follow-up of 5 years.
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Table 3. Peritonitis outcomes, antibiotic treatment duration and switch in the study 
patientsa.

Single bag

Group 1 (n=148)

Twinbag

Group 2 (n=239)

Twinbag + 
Mupirocin

Group 3 (n=50)

Twinbag + 
Mupirocin + 

Biocompatible
Group 4 (n=91)

Time period 1979-1987 1988-2000 2001-2003 2004-2010
Peritonitis outcome (%)
     Cure 94 86 92 90
     Catheter removalb 3.4 12.1c 4.0 8.8
     Death during  peritonitis 2.7 2.1 4.0 1.1
Antibiotic treatmentb

     Median duration (days) 13 14 16d 16e

     Switch (%) 30 41f 70g 67h

aGroups include only incident patients experiencing their first peritonitis. bp < 0.05, cp < 0.01 
compared with group 1, dp = 0.02 compared with groups 1 and 2, ep < 0.01 compared with groups 1 
and 2, fp = 0.04 compared with group 1, gp < 0.01 compared with groups 1 and 2, hp < 0.01 compared 
with groups 1 and 2.
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Table 4. Time trends for peritonitis in the study patientsa. 

Mean peritonitis rate (episodes/PD year), by patient group
Single bag

Group 1 (n=182)

Twinbag

Group 2 (n=352)

Twinbag + 
Mupirocin

Group 3 (n=79)

Twinbag + 
Mupirocin + 

Biocompatible
Group 4 (n=118)

Time period 1979-1987 1988-2000 2001-2003 2004-2010

Overall 3.22 1.30 0.89 0.95b

Gram-positive episodes 2.39 0.87 0.71 0.65b

     S. aureus 0.79 0.23 0.05 0.03b

     S. epidermidis 1.23 0.35 0.35 0.13b

Gram-negative episodes 0.51 0.51 0.28 0.30b

     E. coli 0.20 0.20 0.21 0.04c

     Pseudomonas species 0.06 0.06 0.02 0.06
Culture-negative 0.47 0.21 0.10 0.14
Relapsing 0.32 0.11 0.04 0.15b

aGroups include only incident patients. bp ≤ 0.01,cp = 0.03.

DISCuSSION

In the present study 32 years’ experience of 2234 PD-related peritonitis episodes in 
a large university hospital were analyzed. Over those years, three important changes 
were made in the care of PD patients, that is the use of a disconnect system since 
1988, daily mupirocin at the exit-site since 2001 and the use of just biocompatible 
dialysis solutions since 2004. 
 A significantly declining trend was observed in the overall peritonitis rate, 
and in episodes caused by both Gram-positive and Gram-negative organisms. Our 
findings confirm those of other, much smaller studies of the dramatic effects that 
the use of disconnect systems, which started in 1988, have had on the peritonitis 
incidence (6-10). The decreases were especially marked for CNS and S. aureus 
peritonitis. 
 The introduction of daily mupirocin application at the catheter exit-site 
in 2001 led to a further reduction of S. aureus infections, not only at the exit-site, 
but also as peritonitis. A Cochrane analysis by Strippoli et al. published in 2004 
reported that nasal mupirocin reduced exit-site/tunnel infection but not peritonitis 
(11). However, this conclusion was based on only one trial performed in 1996 with 
intranasal mupirocin. It can be hypothesized that compliance by patients is higher for 
topical than for intranasal mupirocin. Recently, Xu et al. (12) published a systematic 
review of studies that compared mupirocin treatment with placebo or no treatment. 
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These authors also found that mupirocin treatment was effective in preventing exit-
site infection and peritonitis. 
 The total abandonment of conventional dialysis solutions in 2004 was 
associated with a further reduction of the rates of Gram-positive and E. coli peritonitis, 
but there was no change in the incidence of culture-negative, Gram-negative and 
overall peritonitis. Recently, Cho et al. performed a systematic review of randomized 
controlled trials to evaluate the benefits and harms of biocompatible solutions in PD 
patients compared with conventional solutions (13). This systematic review showed 
that the use of biocompatible PD solutions may result in better preservation of 
urine output and residual renal function and may improve inflow pain. A decrease in 
peritonitis episodes was not found, neither improved technique and patient survival. 
However, it must be appreciated that outcomes of various studies of this issue have 
been highly inconsistent. The results of our long-term observational study suggest 
that biocompatible solutions may have some protective effects against some, but 
not all microorganisms.
 Since 2004 more patients started with APD than with CAPD. This was not 
associated with a lower overall peritonitis incidence. In literature there are some 
conflicting data regarding treatment modality and risk of peritonitis. Some studies 
showed that APD is associated with a lower peritonitis risk (14;15), while other 
studies found no difference (16-18). 
 Despite the decrease in peritonitis incidence, we often failed to achieve the 
goal set by the ISPD (4) of a peritonitis rate no more than 1 peritonitis every 18 
months (0.67/year at risk). This may be due to the continuation of PD also after a few 
episodes of uncomplicated peritonitis. In addition, the low socio-economic status of 
many of our patients may have played a role. However, some papers report the same 
high incidence of peritonitis (10;19;20). It cannot be excluded that lower peritonitis 
rates are the result of reporting bias, because people tend to publish success rather 
than failure, as hypothesized by Davenport (10). In contrast to the improved results 
on peritonitis incidence, the antibiotic treatment duration of a peritonitis episode 
increased from 13 to 16 days and this was accompanied with a higher percentage 
of an antibiotic switch. Because the initial antibiotic was changed according to 
the antibiotic resistance of the causative organism, we examined the antibiotic 
resistance for the two major causes of peritonitis in our series, that is for CNS and 
S. aureus. Increased resistance to cephradine was found for CNS; S. aureus was not 
tested. Many other authors showed increased resistance of CNS to methicillin, and 
consequently to first generation cephalosporins (9;21-23). S. aureus showed no 
difference in resistance rates over time for flucloxacillin. All isolates were susceptible 
to vancomycin. The ISPD (4) recommends a first generation cephalosporin as the 
initial empirical antibiotic for Gram-positive coverage, but underlines the importance 
to look at the local history of sensitivities of organisms causing peritonitis. With 
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our observations in the present study, with significant changes in the antibiotic 
susceptibility of the main Gram-positive pathogen causing peritonitis, re-evaluation 
of our current treatment protocol is indeed warranted. 
 Over the years cure rate was high and stable and death rate during peritonitis 
remained low. Catheter removal was stable over the years, with the exception of a 
lower catheter removal rate in the first years of PD. We speculate this is due to the 
high incidence of CNS peritonitis, that often have a relatively mild clinical course and 
usually do not require catheter removal. In contrast, catheter removal rates were 
significantly higher in peritonitis due to a single Gram-negative organism or fungus 
than in those due to a single Gram-positive organism, which is consistent with other 
studies (23-26). Peritonitis due to fungi (38%) and Pseudomonas (32%) resulted in the 
greatest catheter loss. Our relatively low catheter removal rates in fungal peritonitis 
contrast with those of most studies (27-30) and with the International Society for 
Peritoneal dialysis recommendation, that advises catheter removal immediately after 
fungi are identified by microscopy or culture (4). Our group always followed another 
policy (31), in which medical treatment was given with intraperitoneal amphotericin 
and flucytosin and continued this treatment for 4 weeks. In case of Candida albicans 
peritonitis this treatment is effective in 60% of cases. It is not appropriate for fungal 
peritonitis due to other fungi or yeasts. A pitfall with the above regimen is that 
the dialysis effluent may remain turbid due to an amphotericin induced high cell 
number, which could erroneously suggest that the medical treatment is not effective. 
Ignorance of this fact and unjustified fear for inducing peritoneal membrane damage 
may be reasons for considering primary catheter removal.
 In almost half of the patients who died during peritonitis (46%) the cause of 
death was assigned to peritonitis. In 6% other infections and in 33% cardiovascular 
causes were the most important causes. Boudville et al. (32) reported similar results 
in 250 patients with an episode of peritonitis in the 30 days before death, with the 
exception of a lower percentage of death due to peritonitis, which was 28%. The 
authors of this paper touch upon the problem of reporting the cause of death. 
Because there is currently no standard definition of peritonitis associated mortality, 
this leads to variable and subjective approaches to diagnose peritonitis-associated 
death. As a consequence different presented prevalence rates in literature can be 
found. Systemic inflammation may predispose to cardiovascular disease, as reported 
by others (33;34). Although peritonitis cannot always be considered a systemic 
inflammation, this could be an additional explanation for the high percentage of 
cardiovascular causes of death during peritonitis.
 The present study has a number of limitations. First, it is a single-center 
study, which makes the results difficult to apply to other centers. However, in a 
single-center study data are more complete and accuracy is more easily checked 
than is possible with registry data. Second, although the peritonitis episodes were 
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thoroughly prospectively documented in an extensive peritonitis database, it was 
not part of a general prospective study in which all imaginable parameters were 
collected. Hence, we were not able to distinguish the possible effects of nutrition 
status, patient education and socio-economic status on peritonitis incidence and 
outcome. Also, data about exit-site infections were not prospectively collected. 
 One of the strengths of this study is the large number of peritonitis episodes 
that has been collected in 32 years of PD practice. Furthermore, our initial antibiotic 
treatment protocol has not changed over the years. Moreover, the percentage 
of culture-negative episodes was only 9%. That observation underlines the high 
standard for culture methods in our medical microbiology laboratory, making the 
culture results very accurate. 
 It can be concluded that PD practice with regard to peritonitis has 
significantly improved over the years, due to implementation of a disconnect system 
and daily mupirocin application at the exit-site. A clear positive effect of the use 
of biocompatible solutions could not be found. However, our peritonitis rates are 
still higher, than guideline recommendations and need to be improved. Moreover, 
because of decreased rates of antibiotic susceptibility that developed over time, 
our initial empiric antibiotic treatment, consisting solely of a first generation 
cephalosporin, declined in effectiveness. Yet the cure rate was and has remained 
stable and high, and the rate of death during peritonitis was and has remained low. 
Those observations show that peritonitis is a manageable complication of PD that 
cannot be considered a contraindication to this mode of renal replacement therapy.
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AbSTRACT

Despite advances in treatment and prevention, peritonitis remains a major problem 
in peritoneal dialysis (PD) patients with often technique failure as a consequence. 
The last decades the focus of PD peritonitis has changed from lowering peritonitis 
incidence to improvement of peritonitis outcome. Prognostic factors for peritonitis 
outcome can influence decision making during the treatment of peritonitis, for 
example to take out the peritoneal dialysis catheter early in the time course of 
peritonitis and prevent further damage to the peritoneal membrane. 
 In this paper we give a review of the literature about prognostic factors for 
peritonitis outcome. In most studies, age, gender, diabetes, time on PD, a precursor 
of calcitonin: procalcitonin, IL-6 and albumin did not show a significant effect on 
peritonitis outcome. The following factors have been associated with poor outcome 
of peritonitis: Gram-negative organisms, Mycobacterium species, fungal peritonitis, 
polymicrobial peritonitis, concurrent exit-site- or tunnel infection, Caucasian race, 
low residual GFR, persistently elevated peritoneal dialysate white cell count, CRP, and 
low levels of sICAM-1 and hyaluronan at the end of peritonitis treatment. In fungal 
peritonitis, abdominal pain, bowel obstruction, the catheter remaining in situ and 
Candida parapsilosis are factors associated with higher mortality rate and a greater 
risk of technique failure. Recent antibiotic therapy and peritonitis are associated 
with poor treatment response in culture-negative peritonitis. Recurrent peritonitis 
episodes have a poor therapeutic response and high mortality and have a worse 
prognosis than relapsing ones. Older age, long PD duration and continuous elevated 
serum CRP levels are predictors of adverse outcomes in PD patients after peritonitis-
related catheter removal.
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INTRODuCTION

Peritonitis remains a serious complication of peritoneal dialysis (PD) with marked 
morbidity. It is a common cause of technique failure. The rate of PD related peritonitis 
has decreased over the last decades due to advances in treatment and prevention. 
Nowadays, the focus moved from lowering peritonitis incidence towards improving 
peritonitis outcome. It is useful to have prognostic factors for peritonitis outcome, 
because they can influence decision-making during the treatment of peritonitis, 
for example to take out the peritoneal dialysis catheter early in the time-course 
of peritonitis and prevent further damage to the peritoneal membrane. In the 
last decades, many publications appeared about prognostic factors for peritonitis 
outcome. This article summarizes those prognostic factors, based on an extensive 
review of the literature. 

Age at onset of peritonitis and age at start of PD

The influence of age as a prognostic factor for outcome of peritonitis is controversial. 
In many studies age at the onset of peritonitis did not have an independent effect 
on outcome nor did patient age at the start of PD (1-3). However, one study showed 
that older PD patients experienced a higher risk of severe peritonitis and peritonitis-
related mortality (4).

Gender

Several studies did not find an effect of gender on peritonitis outcome (1;2;5).

Race

In Caucasians peritonitis more often leads to hospital admission and more often 
results in death than in Blacks and this effect was age independent (5). This is 
consistent with other data demonstrating a significant difference in the rate of 
treatment failure: in Blacks 11.1%, versus 22.5% in Caucasians (1). 

Diabetes, history of steroid use, previous renal transplantation, malignancy

Because these factors interfere with the host immune defenses, it seems apparent 
that they adversely affect outcome. It is not clear if diabetes has a negative impact on 
peritonitis outcome: in the literature conflicting results are reported. For example, 
patients with treatment failure of peritonitis were more likely to have diabetes in 
the study of Chow et al. (6), but others could not identify diabetes as a predictor of 
outcome (1;4;5). Several studies could not find an impact of history of steroid use, 
previous renal transplantation or malignancy on peritonitis outcome (1;4). 
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Residual renal function

Perez et al. (4) were the first to demonstrate that baseline GFR has a specific and 
consistent inverse correlation with the later incidence of peritonitis and peritonitis-
related mortality. They postulate that PD patients with good residual renal function 
need a lower number of bag exchanges which may reduce the chances for 
contamination and infection. In addition, residual renal function may predict the risk 
of peritonitis by performing as a marker of poor condition of PD patients, because 
low or absent GFR can point to late referral or secondary selection of PD, after 
chronic hemodialysis, which is associated with inadequacy of dialysis, malnutrition, 
inflammation and volume overload.

Time on PD

Conflicting results are reported in the literature. One study found that a longer 
PD duration had a significant negative effect on outcome; patients who had been 
on PD for more than 2.4 years had a 24.4% rate of treatment failure of peritonitis, 
compared to 16.5% for patients less than 2.4 years on PD (1). In contrast, Troitle 
et al. (7) found just the opposite: patients on PD for more than 37 months had a 
better outcome than those on PD for 12 months or less, but the groups differed in 
race and comorbidity, in favor of the group on PD for longer than 37 months. Yang 
et al. (3) found duration of PD only of borderline significance. Others reported that 
PD duration was not predictive of outcome, including mortality, and that time on PD 
was not related with the length of hospital stay (8;9). The authors of the first paper 
postulate that PD duration is of importance for outcome of peritonitis, because the 
peritoneal membrane characteristics and peritoneal macrophages change over time 
in PD which may contribute to decreased peritoneal host defense (1). 

Number of peritonitis episodes previously experienced

Some studies found that the number of peritonitis episodes a patient experienced, 
had no influence on the outcome of the present peritonitis (1), others found that 
the incidence of peritonitis was a strong independent predictor of peritonitis-related 
mortality (4).

Concurrent exit-site infection

Concurrent exit-site infection or tunnel infection has been shown to have an adverse 
outcome (3;5). However, in one study the presence of a purulent exit-site was 
associated with a significantly higher rate of treatment failure of peritonitis (35.2% 
versus 18.3%, p = 0.004), but in a regression analysis it did not independently effect 
outcome (1). 
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PD fluid cell count

In several studies peritoneal dialysate white cell count (PDE WBC) is found to have 
prognostic meaning in outcome of peritonitis. For PDE WBC ≥ 1090/mm3 on day 3, 
the sensitivity was 75% and the specificity was 74% for the prediction of treatment 
failure, defined as catheter loss or peritonitis-related death. In a multiple logistic 
regression analysis, peritoneal white cell count of ≥ 1090/mm3 on day 3, was an 
independent risk factor for prediction of treatment failure after adjustment for 
conventional risk factors; a more than nine-fold increased risk existed for catheter 
loss and death. Peritoneal white cell count > 100/mm3 for more than 5 days was 
associated with treatment failure (OR 7.38; 95% CI 3.38-16.1; p < 0.0001) (6). 
Similar findings are obtained by others (1;10). In a study of Martikainen et al. (11) 
dialysate leucocytes > 500/mm3 on day 4 indicated poor outcome. Others looked at 
the influence of peritoneal cell count at admission to the hospital: it was positively 
correlated with the length of hospital stay. If it took more than 24 hours from the 
onset of symptoms to hospital admission, PD effluent leucocyte percentage was 
higher and PD effluent lymphomononuclear cell percentage was lower, which was 
associated with a longer length of hospital stay (8).

Growth factors, cytokines, adhesion molecules, inflammatory markers 

Procalcitonin, one of the calcitonin precursors, has been suggested as a marker for 
infection and low-grade inflammation. However, in a prospective study on PD patients 
that developed peritonitis, procalcitonin failed to predict outcome of peritonitis (12). 
 IL-6 is known to stimulate adhesion molecules like intercellular adhesion 
molecule 1 (ICAM-1). ICAM-1 plays an important role in the inflammatory response 
and host defense. It stimulates hyaluronan (HA) which is an important component 
of the extracellular matrix. In 36 patients with peritonitis the above mentioned 
parameters were measured, at the onset, on day 4, at the end of treatment and 2 
months after onset of peritonitis. Concentrations of sICAM-1 in patients completing 
the antibiotic therapy were higher at the onset and on day 4 of peritonitis than at the 
end of the treatment with antibiotics. Concentrations of sICAM-1 at the end of the 
treatment with antibiotics in patients with a relapse/re-infection were significantly 
lower than in patients with no relapse/re-infection. The same findings were found 
for HA. The authors hypothesize that lower levels of sICAM-1 and HA at the end of 
treatment in patients with a relapse/re-infection may be a sign of reduced immune 
defense of the peritoneum which may be due to destruction of peritoneal cells 
during a severe episode of peritonitis or a reduced immune defense capacity of the 
peritoneal membrane. Or it may be that during severe infections activated leukocytes 
bind more ICAM-1 which in turn binds HA. For IL-6, the highest concentrations were 
seen at onset and on day 4 of peritonitis in patients completing the treatment with 
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antibiotics. IL-6 failed to differentiate between a good or poor outcome of peritonitis 
(11). 
 There are conflicting results for CRP as a marker of peritonitis outcome. 
In one study the mortality rate was significantly higher in patients with CRP > 3.0 
mg/l than in patients with CRP < 3.0 mg/l on day 42 after the onset of peritonitis 
(12). In a prospective cohort study of PD patients with an incident peritonitis, higher 
baseline levels of CRP were associated with an increased risk of short-term adverse 
outcomes, including death, switch to hemodialysis, persistent infection and relapse 
of peritonitis. After recovering of peritonitis, higher CRP levels were associated with 
an increased risk of long-term events: a second peritonitis or death (9). Elsurer et 
al. (8) found that CRP was independently associated with the length of hospital stay 
because of peritonitis. Some researchers found a relationship between CRP > 100 
mg/l on day 4 of peritonitis and poor outcome (11). However, others were not able 
to find a relationship between CRP and outcome (3).
 Several studies showed that a low albumin level is associated with 
technique failure and death (3). The suggested reasons for this relationship are: 
the fact that albumin is an inverse acute phase reactant, low albumin, and possibly 
hypoglobulinemia, predisposes to recurrent infections (13), and low albumin may 
reflect the underlying problem of malnutrition (14). On the other hand, some 
investigators did not find a relationship between low albumin and peritonitis outcome 
(1). 

Causative organism

Peritonitis caused by Gram-negative organisms has a worse outcome than peritonitis 
due to Gram-positive organisms. Krishnan et al. (1) reported about 399 episodes of 
bacterial peritonitis between 1996 and 2000. They found a resolution rate for single 
Gram-positive peritonitis of 87.3%, compared to 63.6% for single Gram-negative 
peritonitis episodes, p = 0.001. S. aureus resulted in significantly lower resolution 
rates than other Gram-positive organisms, 68.6% for S. aureus versus 94.2% for other 
Gram-positive organisms. More than half of the PD catheter losses (57%) among single 
Gram-positive organism-induced peritonitis were attributed to S. aureus infections 
(3;15). Of the Gram-negative organisms, Serratia marcescens had the highest rate of 
treatment failure (85.7%), followed by Pseudomonas aeruginosa peritonitis (78.6%) 
(1). Chow et al. (6) found that Gram-negative organisms, Pseudomonas, fungal and 
Mycobacterium species were independent risk factors for treatment failure.
 The number of organisms cultured is another risk factor for catheter 
loss. Micro-organisms of the Enterobacteriaceae family are the major pathogens 
responsible for catheter loss in polymicrobial peritonitis (3).



Prognostic factors for peritonitis outcome; a review of the literature

149

9

Fungal peritonitis

Many studies have found that the use of antibiotics and bacterial peritonitis within the 
previous 3 months are predisposing factors for the development of fungal peritonitis 
(16-18). Antibiotics, by killing the bowel flora, promote fungal colonization of the 
intestinal or genitourinary tract, with subsequent invasion across the mucosal barrier 
to the peritoneal cavity. Candida parapsilosis has been shown to be an independent 
risk factor associated with mortality (17). Abdominal pain, bowel obstruction, and 
the catheter remaining in situ are other factors associated with higher mortality rate 
and a greater risk of technique failure (10;19;20).

Culture-negative peritonitis

Szeto et al. (2) analyzed 212 episodes of culture-negative peritonitis from 1995 to 
2001. Primary response was defined as resolution of abdominal pain, clearing of 
the dialysate, PDE WBC < 100/ml on day 10 with antibiotics alone. If the PDE was 
still cloudy at day 10, the Tenckhoff catheter was removed or the antibiotics were 
changed. Complete cure was defined as resolution of peritonitis without the need 
for catheter removal, antibiotic switch or relapse within 120 days. Recent antibiotic 
therapy (within 30 days of onset of peritonitis) was associated with a lower primary 
response rate (31 of 56 versus 113 of 156 episodes; p = 0.019) and lower complete 
cure rate (12 of 56 vs. 68 of 156 episodes; p = 0.003). A history of peritonitis from 31 
to 120 days before the onset also resulted in a lower complete cure rate (p = 0.001). 
Multivariate logistic regression analysis showed that only recent antibiotic therapy 
was an independent predictor of poor primary response rate, odds ratio 2.12 (95% 
CI: 1.12-3.98; p = 0.02). The authors speculate that the use of antibiotics alters body 
flora and provokes peritonitis by fastidious organisms; conversely, there might be an 
accumulation of antibiotics that might hinder PDE culture. Only recent peritonitis 
was an independent predictor of poor complete cure rate, odds ratio 2.87 (95% CI: 
1.56-5,29; p = 0.001). They argue that antibiotics probably alter local bacterial flora 
and provoke the development of resistant bacterial strains. 

Recurrent and relapsing peritonitis

Recently, an article has been published about the characteristics of recurrent and 
relapsing peritonitis in a retrospective study over 14 years. According to the ISPD 
guidelines relapsing peritonitis is defined as a peritonitis that appears within 4 weeks 
after a prior peritonitis with the same organism or a sterile peritonitis. A recurrent 
peritonitis occurs within 4 weeks of a prior episode but with a different organism. The 
authors report that relapsing peritonitis most often is caused by coagulase-negative 
Staphylococcus and Pseudomonas species. Recurrent peritonitis is often caused by 
non-Pseudomonas Gram-negative organisms and polymicrobial growth. They suggest 
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that this can point to an underlying pathological state of the bowel; or that recent 
antibiotic use disturbs the gastrointestinal flora and provokes transmural migration 
of bowel organisms to the peritoneal cavity. In their study the recurrent group had a 
significant lower primary response rate (71.2% vs. 86.4%), lower complete cure rate 
(42.4% vs. 72.3%), and higher mortality rate (20.8% vs. 7.7%) than the control group; 
as well as a lower primary response rate (71.2% vs. 88.5%), lower complete cure 
rate (42.4% vs. 62.4%) and higher mortality rate (20.8% vs. 7.0%) than the relapsing 
group. The control group consisted of first peritonitis episodes without relapse or 
recurrence. In conclusion, recurrent peritonitis has a poor therapeutic response and 
high mortality. Recurrent peritonitis has a worse prognosis than relapsing peritonitis. 
The authors discuss that recurrent peritonitis deserves an equal and perhaps a more 
aggressive treatment as for relapsing episodes (21).

Risk factors for adverse outcomes after peritonitis-related technique failure 

Moon et al. (22) investigated the risk factors for developing short-term complications 
after peritonitis-related technique failure. Patients were divided into four groups 
according to adverse outcomes that developed within 90 days after PD catheter 
removal: no complications, recurrent ascites, encapsulating peritoneal sclerosis 
(EPS) and death directly related to peritonitis. They performed a multivariate analysis 
of risk factors for adverse outcomes. Serum CRP level at 72 hours of peritonitis and 
PD duration were significant predictors for the development of EPS. For peritonitis-
related death, CRP level at 72 hours and age at PD catheter removal (per 1 year 
increase: OR 1.11) were identified as significant determinants. Only effluent WBC 
at 72 hours was associated with development of ascites. The authors conclude that 
persistently elevated serum CRP level, older age, and long PD duration are significant 
predictors of adverse outcomes in PD patients after peritonitis-related catheter 
removal. 

In summary, many prognostic factors for peritonitis outcome are investigated 
and contradictory results are reported in the literature (table 1). Gram-negative 
organisms, Mycobacterium species, fungal peritonitis, polymicrobial peritonitis, 
concurrent exit-site or tunnel infection: all these factors have been found to result 
in a poor outcome of peritonitis. In addition, it seems that Caucasians have a worse 
outcome compared to Blacks. PDE WBC ≥ 1090/mm3 on day 3 is an independent 
risk factor for prediction of treatment failure as well a PDE WBC >100/mm3 for more 
than 5 days. Furthermore, low levels of sICAM-1 and HA at the end of treatment 
are negative prognostic indicators. Most data reveal CRP as a marker of peritonitis 
outcome. At present, only one study looked at GFR and found an inverse correlation 
with peritonitis-related mortality.  Recent antibiotic therapy and peritonitis are 
associated with poor treatment response in culture-negative peritonitis. In fungal 
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peritonitis, abdominal pain, bowel obstruction, the catheter remaining in situ and 
C. parapsilosis are factors associated with higher mortality rate and a greater risk of 
technique failure. Recurrent peritonitis episodes have a poor therapeutic response 
and high mortality and have a worse prognosis than relapsing ones. Continuous 
elevated serum CRP level, older age, and long PD duration are significant predictors 
of adverse outcomes in PD patients after peritonitis-related catheter removal. The 
following parameters have not shown a clear effect on peritonitis outcome: age, 
gender, diabetes, time on PD, procalcitonin, IL-6 and albumin.
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Table 1. Prognostic factors for peritonitis outcome.

Factor Prognostic 
value

References

Age no Krishnan et al. (1), Szeto et al. (2), Yang 
et al. (3)

yes Perez et al. (4)
Gender no Krishnan et al. (1), Szeto et al. (2), Golper 

et al. (5)
Race: caucasians have a worse outcome 
compared to Blacks

yes Krishnan et al. (1), Golper et al. (5)

Diabetes, history of steroid use, previous 
renal transplantation, malignancy

no Krishnan et al. (1), Perez et al. (4), Golper 
et al. (5)

yes Chow et al. (6)
Residual renal function yes Perez et al. (4)
Time on PD no Elsurer et al. (8), Zalunardo et al. (9) 

yes Krishnan et al. (1), Troidle et al. (7)
Number of peritonitis episodes previously 
experienced

no Krishnan et al. (1)

yes Pérez et al. (4)
Concurrent exit-site infection no Krishnan et al. (1)

yes Yang et al. (3), Golper et al. (5)
PD fluid cell count: PDE WBC ≥ 1090/mm3 
on day 3, PDE WBC ≥ 100/mm3 for > 5 days

yes Krishnan et al. (1), Chow et al. (6), Elsurer 
et al. (8), Wang et al. (10), Martikainen et 
al. (11)

Growth factors, cytokines, adhesion 
molecules, inflammatory markers:

•	 Procalcitonin no Lam et al. (12)
•	 sICAM-1 and hyaluronan yes Martikainen et al. (11)
•	 IL-6 no Martikainen et al. (11)
•	 CRP no Yang et al. (3)

yes Elsurer et al. (8), Zalunardo et al. (9), 
Martikainen et al. (11), Lam et al. (12)

•	 Albumin no Krishnan et al. (1)
yes Blake et al. (14)

Causative organism: yes
•	 Risk factors for poor outcome: 

Gram-negative organisms, 
Pseudomonas, fungal and 
Mycobacterium sp.

Krishnan et al. (1), Chow et al. (6)

•	 Among Gram-positive organisms, 
S. aureus has a worse outcome

Krishnan et al. (1), Yang et al. (3), Choi et 
al. (15)

•	 Polymicrobial peritonitis as risk 
factor for catheter loss

Yang et al. (3)

Culture-negative peritonitis: recent 
peritonitis or recent antibiotic therapy

yes Szeto et al. (2)

Fungal peritonitis: abdominal pain, bowel 
obstruction, catheter remaining in situ, C. 
parapsilosis

yes Wang et al. (10), Lo et al. (17), Goldie et 
al. (19), Prasad et al. (20)

Recurrent and relapsing peritonitis: 
recurrent peritonitis has a poor therapeutic 
response and high mortality; recurrent 
peritonitis has a worse prognosis than 
relapsing peritonitis

yes Szeto et al. (21)

Risk factors for adverse outcomes (ascites, 
EPS, death) after peritonitis-related 
technique failure: persistently elevated CRP 
level, older age, long PD duration

yes Moon et al. (22)
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gENERAL DISCuSSION

Various aspects of peritonitis have been described in this thesis. Chronic peritoneal 
dialysis and peritonitis are inextricably linked. Fortunately, most episodes of peritonitis 
have an uneventful course and are cured with antibiotic therapy. However, some 
episodes are complicated by hospitalization and temporary or permanent loss of the 
PD catheter. Furthermore, peritonitis has been hypothesized to contribute to the 
morphological and functional changes of the peritoneal membrane that occur with 
time on PD. At the start of PD, chronic inflammation (comorbidity, including diabetes, 
inflammatory status) may have an impact on peritoneal transport characteristics. The 
main issues on infection and inflammation that are discussed in this thesis include 
1) clinical aspects of peritonitis with regard to various treatment changes, 2) the 
impact of peritonitis on peritoneal membrane status, 3) determinants of peritoneal 
transport at the start of PD. 

Clinical aspects of peritonitis in regard to various treatment changes

In 1979, CAPD was started as a renal replacement therapy in the Academic Medical 
Center (chapter 8). In the ensuing years, a number of important changes in therapy 
were made. First, we switched from straight connection systems to disconnect (twin 
bag) systems in 1988; second, daily application of mupirocin at the catheter exit-
site was implemented in 2001; and third, biocompatible dialysis solutions have been 
used in all patients since 2004. In the whole period, our cure rate has been high 
and stable (86–94%), and the rate of death during peritonitis has remained low 
(1.1–4.0%). Over the years, a significant downward trend was observed in the overall 
peritonitis rate, and in Gram-positive and Gram-negative peritonitis episodes. This is 
in concordance with other, but much smaller studies (1-5), showing a tremendous 
decrease in peritonitis rates with the use of disconnect systems, especially for 
coagulase-negative Staphylococcus- and S. aureus peritonitis. After 2001, the daily 
mupirocin application at the catheter exit-site led to a further reduction in peritonitis 
caused by S. aureus. This is consistent with a recent published systemic review of 
studies comparing mupirocin treatment with placebo or no treatment (6). This 
review demonstrated that mupirocin treatment was effective in preventing exit-
site infection and peritonitis. The total switch from conventional dialysis solutions 
to the exclusive use of biocompatible solutions in 2004, was associated with a 
further decrease in the rates of Gram-positive and E. coli peritonitis, but no change 
in the incidence of culture-negative, Gram-negative, and overall peritonitis was 
observed. Consequently, the results of our long-term observational study suggest 
that biocompatible solutions might have some protective effect against some, but 
not all micro-organisms. A possible beneficial effect of biocompatible dialysate on 
peritonitis incidence is biologically plausible as experimental evidence has shown 
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that the effects of neutral-pH, low-GDP ‘biocompatible’ solutions on the peritoneal 
membrane led to improved local immune defenses, compared to conventional 
acidic-pH, high-GDP solutions. Many in vitro (7-12) and animal experimental studies 
(13;14) have shown that conventional PD fluids impair the viability and function of 
peritoneal mesothelial cells, leukocytes, and macrophages, and that those adverse 
effects are largely nullified by exposure to biocompatible fluids. Furthermore, several 
clinical studies have found that compared with the use of conventional solutions, 
the use of biocompatible fluids is associated with improved levels of peritoneal 
biomarkers such as CA125 (15-19), suggesting possibly enhanced preservation 
of the peritoneal mesothelium. However, clinical studies on clinically relevant 
outcomes, reported equivocal results about this topic. Recently, a systematic review 
of randomized controlled trials was performed to evaluate the benefits and harms 
of biocompatible solutions compared to conventional solutions in PD patients (20). 
That review showed that the use of biocompatible PD solutions might result in better 
preservation of urine output and residual renal function and might improve inflow 
pain. However, a decline in peritonitis episodes was not found, nor an improvement 
in technique and patient survival. 
 Since 1985 the same protocol (21) was used for peritonitis treatment 
in our center. The initial treatment consisted of cephradine, a first generation 
cephalosporin which was combined with gentamycin when the patient was clinically 
ill and needed hospitalization. In 2008 cephradine had been taken from the market 
and was replaced by cephalothin. Vancomycin was used as hypersensitivity reactions 
occurred. We found that the antibiotic treatment duration of a peritonitis episode 
increased from 13 to 16 days over the years, and that this increase was accompanied 
by a higher necessity to change the antibiotics. After culture results were known, the 
initial antibiotic was changed according to the resistance of the causative organism. 
Therefore we examined the resistance to the two major causes of peritonitis in our 
series: CNS and S. aureus. Increased resistance to cephradine was found for CNS; S. 
aureus was not tested. Many other studies showed increased resistance of CNS to 
methicillin, and consequently to first-generation cephalosporins (3;22-24). S. aureus 
showed no difference in the rate of resistance over time with respect to flucloxacillin. 
All isolates were susceptible to vancomycin. The International Society for Peritoneal 
Dialysis recommends a first-generation cephalosporin as the initial empiric antibiotic 
for Gram-positive coverage, but underlines the importance of looking at the 
local history of sensitivities for the organisms causing peritonitis (25). Given our 
observations in this study of significant changes in the antibiotic susceptibility of 
the main Gram-positive pathogen, re-evaluation of our current treatment protocol 
is warranted. The present analysis underlines the importance of monitoring your 
peritonitis data in order to facilitate improvement of peritonitis treatment and 
outcome.
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The impact of peritonitis on the peritoneal membrane

The quality of the peritoneum may gradually decline with time on PD. A distinction 
must be made in anatomical and functional changes. Neo-angiogenesis, vasculopathy 
and peritoneal fibrosis are the morphological abnormalities that can develop (26;27). 
Ultrafiltration failure is the main functional abnormality. This condition is defined by 
the ISPD as the 3 x 4 rule: 1) net ultrafiltration less than 400 mL, 2) after a dwell of 4 
hours, 3) of a 3.86% / 4.25% glucose based dialysis solution (28). Chronic exposure 
to dialysis solutions with extremely high glucose concentrations is the most likely 
culprit in the pathogenesis of these alterations (29). In addition, peritonitis has been 
hypothesized to contribute to these changes (30). 
 It is well-known that acute peritonitis causes temporary changes in peritoneal 
transport parameters, like increased solute transport and protein loss, leading to 
ultrafiltration failure (31;32). These phenomena return to normal values within 
two weeks after cure of the infection, parallel to the locally produced vasoactive 
substances, causing them (33). Studies on permanent effects of peritonitis on 
peritoneal transport have shown inconsistent results. Some studies showed no 
effect (34-36) when the peritonitis was treated properly (35), or adjustments for 
time on PD were made (36). Others demonstrated a clear impact of peritonitis on 
peritoneal membrane function (30;37-40). Some researchers only found a change in 
peritoneal transport after early peritonitis i.e. within one year after the start of PD 
(40), after severe peritonitis (30), or following frequent peritonitis episodes (30;38). 
Studies investigating the effect of a single, but not the first, peritonitis episode 
reported equivocal results (30;31;33;41;42). Little or no evidence is available on the 
impact of the very first peritonitis episode on peritoneal transport characteristics. 
The conflicting and scarce results reported in the literature about this topic, were the 
inspiration for the first part of this thesis.
 In our study, described in chapter 5, peritoneal transport parameters before 
and after the very first peritonitis were compared. To distinguish possible effects 
from those induced by the duration of PD, a control group without peritonitis was 
included. After a cured first peritonitis episode, patients remained at a relatively 
faster peritoneal transport state compared to patients who remained peritonitis 
free. The latter group showed a significant decline in small solute transport and an 
increase in the efficiency of fluid transport. It indicates that a first peritonitis episode 
causes low grade inflammatory damage to the peritoneum with neo-angiogenesis 
as a consequence. This leads to an increase of the effective surface area and a rapid 
disappearance of the osmotic gradient. Previous studies showed that time on PD 
(36), peritonitis severity (30) and the identification of a causative organism (43), are 
modifiers of the effect of peritonitis on peritoneal transport. In our study, time on 
PD did not alter the effect of the first peritonitis on peritoneal transport, possibly 
because the majority of peritonitis episodes occurred in the first year of PD treatment. 
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Severe peritonitis only altered the association with lymphatic absorption, not with 
other parameters of fluid transport. However, Gram-positive micro-organisms, when 
compared to all other micro-organisms, enhanced the association with increased 
small solute transport and increased lymphatic absorption, but not with the other 
parameters of fluid transport. 
 Complementing the previous chapter, the effects of multiple peritonitis 
episodes on peritoneal transport were investigated in chapter 6. Patients with 
frequent peritonitis episodes showed an increase in small solute transport and a 
concomitant decrease of ultrafiltration from the start to the third year of PD. In 
peritonitis-free PD patients the opposite was found. Frequent peritonitis had no 
significant effect on the time-course of the restriction coefficient to macromolecules. 
This suggests that frequent peritonitis leads to an increase of the vascular peritoneal 
surface area without the concomitant fibrotic structural membrane alterations that 
may develop after long-term PD. Another potentially important observation was 
made. At baseline, peritoneal clearances of the serum proteins albumin, IgG, and α2-
macroglobulin, were significantly lower in the frequent peritonitis group. This caused 
lower dialysate concentrations of these proteins. It is known that opsonisation is 
essential for efficient phagocytosis of most pathogens. This process depends on the 
concentration of specific IgG and/or alternate pathway complement components. In 
vitro studies have shown that dialysate IgG is involved in the opsonisation of bacteria 
(44-46). Lamperi et al. (47) found a significant correlation between the opsonisation 
capacity for bacteria and IgG concentrations in peritoneal effluent. Moreover, they 
reported an inverse correlation between the opsonic capacity of effluent and the 
number of peritonitis episodes. Intraperitoneal immunoglobulin treatment raised 
the dialysate opsonisation capacity and lowered peritonitis incidence in patients with 
a previously high incidence of peritonitis (47). Unfortunately this finding never led 
to a large clinical trial, due to various reasons, including financial ones. Augmenting 
peritoneal effluent IgG concentrations by increasing the peritoneal clearance of 
macromolecules, would be an alternative -and perhaps a more practical- option for 
the long-term. Intraperitoneal nitroprusside is one of the best studied agents known 
to augment clearances in PD. Douma et al. (48) demonstrated that nitroprusside 
increased the mass transfer area coefficient of low molecular weight solutes and 
serum proteins. Using kinetic modeling and the concept of the pore theory, they 
related the effects of nitroprusside to an increase in the radius of both large and 
small pores and an increase in the effective peritoneal surface area. In clinical 
practice oral administration of drugs may be more desirable than intraperitoneal 
administration. However, few studies have been done using oral drugs to modify 
peritoneal transport. A study of Rojas-Campos et al. (49) investigated the effects 
of oral losartan, prazosin, and verapamil on peritoneal membrane transport. None 
of the studied drugs significantly modified the peritoneal transport of total protein 



160

Chapter 10

during a standard 4-hour PET. By analogy of nitroprusside, it would be interesting to 
investigate the effect of oral nitrate on peritoneal transport. In such investigation an 
excessive drop in blood pressure should be avoided, as this will lead to decreased 
splanchnic perfusion and volume, and thereby lower peritoneal transport rates. 
 Several observations point in the direction of dialysate IL-6 as a determinant 
of peritoneal protein transport characteristics at the start of PD. Zemel et al. (50) 
reported local production of IL-6 within the peritoneal cavity in stable CAPD patients 
without peritonitis. Elevated levels of IL-6 were associated with an increased intrinsic 
permeability and higher IgG clearances. Pecoits-Filho et al. (51) found relationships 
between dialysate IL-6 and peritoneal albumin clearances. Gillerot et al. (52) 
identified the -174G/C polymorphism of IL-6 as an independent predictor of solute 
transport. Dialysate IL-6 concentrations were higher at the start of PD in patients 
with a specific genotype. 
 In conclusion, it may be that some patients at the start of PD have low 
dialysate IL-6 concentrations leading to a decreased large pore size, with decreased 
permeability of the peritoneal membrane and low dialysate IgG concentrations as 
a consequence. No patient studies are available on augmenting peritoneal effluent 
IgG concentrations by chronic administration of drugs. Building on the previous 
two chapters, in chapter 7 we investigated the effect of all peritonitis episodes on 
the time-course of peritoneal transport in comparison with its natural time-course, 
so in the absence of any peritonitis episode. The natural time course of peritoneal 
function in PD patients chronically exposed to dialysis solutions, is characterized by 
a U-shaped profile of small solute transport with a minimum value after 3 years, 
followed by a rise. Net ultrafiltration has a mirror image, while effective lymphatic 
absorption follows small solute transport closely. Free water transport shows 
a continuous rise during follow-up. Peritoneal clearances of proteins that are 
transported through the large pore system decrease during long-term follow-up, 
which is associated with a decrease in the intrinsic permeability of the peritoneal 
membrane to macromolecules. Effluent CA125 decreases during follow-up. 
Peritonitis has no effect on the time course of protein transport and CA125. But, it 
modifies the U-shape of small solute transport, decreases ultrafiltration and inhibits 
the rise of free water transport. Therefore peritonitis modifies peritoneal transport 
in a way that the risk of overhydration is increased. 
 In accordance with our results, a number of studies have shown a U-shaped 
profile of the time course of small solute transport (53;54). In general the highest 
values are present during the first months, followed by a gradual decrease. The high 
values at the start of PD represent an initial effect of PD itself on peritoneal transport, 
probably due to the recent start of the treatment (53). The lowest values are usually 
reached after two or three years of PD (55;56). The present study showed that the 
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subsequent rise starts earlier in the peritonitis group, compared to the patients 
without any peritonitis episode. 
 The no peritonitis group showed an almost linear increase in FWT with 
time on PD, while a slight decrease during follow-up was present in the peritonitis 
group. We hypothesized that the increase of FWT in the no peritonitis group is due 
to stimulated expression of AQP-1 in the peritoneal membrane, possibly by chronic 
exposure to hypertonic dialysis solutions. Peritoneal AQP-1 probably has no function 
in healthy individuals. During peritoneal dialysis, a cristalloid osmotic gradient is 
created in the peritoneal cavity. This requires the presence of functioning water 
channels to induce adequate ultrafiltration (57), which may be a trigger to up-regulate 
AQP-1 expression. This hypothesis is supported by two previous experimental studies 
(58;59). 
 No effect of the number or timing of the peritonitis episodes on the time 
course of peritoneal transport was found. This is in contrast to the findings of the 
Spanish group that only found an effect of early peritonitis (40). In our study only 
severe peritonitis was associated with a decreased TCUFR when compared to mild 
peritonitis. This is in accordance with the findings of others (30;37;38). In the study 
described in chapter 6, we found no evidence for an effect of peritonitis severity on 
transport, possibly because of  the smaller number of patients in that study. 
 The results of these studies indicate that on top of the natural course of 
peritoneal function, peritonitis episodes influence to some extent the time-course 
of small solute and fluid transport, especially that of solute-free water, possibly 
exacerbated by severe peritonitis. These modifications will increase the  risk of 
overhydration.  

Determinants of peritoneal transport at the start of PD

The peritoneal solute transport rate (PSTR) at the start of PD is markedly different 
between patients. In some patients, PSTR is fast for the first 6–12 weeks and then 
slows down (53). It is assumed that a fast transport status at the start of PD is caused 
by changes in the regulation of the vascular peritoneal surface area. The following 
hypotheses have been developed in an attempt to explain the underlying mechanisms. 
First, some studies reported an overrepresentation of fast transport status in incident 
PD patients with extensive comorbidity (60-62). It might be that comorbidity reflects 
a state of chronic inflammation, with consequent higher PSTR (63;64). Plasma and 
dialysate concentrations of IL-6 have been shown to be associated with higher 
peritoneal transport rates, suggesting the role of chronic inflammation to influence 
the PSTR (51). However, others reported no significant association between serum 
concentration of C-reactive protein (CRP) or other inflammatory markers and solute 
transport rate (65-67). Second, a large mesothelial cell mass at the start of PD is a 
possibility. Mesothelial cells are secretory cells, producing a number of substances, 
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like various cytokines (8;68), vascular endothelial growth factor (VEGF) (69) and 
CA125, a glycoprotein, which can be considered as a marker of mesothelial cell mass 
or turn-over (70). Some of the above mentioned factors are vasoactive. For instance, 
VEGF interacts with endothelial nitric oxide synthesis in vasodilation (71;72). We 
hypothesized 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 molecular weight solutes. If 
this hypothesis is correct, then there would be a relationship between peritoneal 
transport and dialysate concentrations of substances produced by mesothelial cells, 
directly from the start of PD. Both hypothesis were investigated and the results are 
described in chapter 2. No relationship between peritoneal solute transport and 
comorbidity could be established. This is different from the findings of other studies 
showing an overrepresentation of high solute transport rate in patients with severe 
comorbidity, as discussed above. Reasons for this difference may be the exclusion of 
patients with diabetes mellitus and with a previous peritonitis episode in our study. 
Also, the number of patients with severe comorbidity was relatively low. However, 
some other groups were also unable to find a relation between comorbidity and high 
solute transport rates at the start of PD (67;73). On the contrary, we found significant 
correlations between MTAC creatinine on one hand and the appearance rates of 
VEGF and CA125 on the other hand. The association between CA125 and MTAC 
creatinine was weakened to some extent by VEGF; Il-6 weakened the relation only 
marginally. This may indicate that CA125, representing the mesothelial cell mass, is 
an independent determinant of MTAC creatinine in recently started patients, and 
that its effect is partly mediated by VEGF. These findings are especially interesting 
in the view of the possible role of VEGF in peritoneal membrane failure. Various 
stimuli, including the continuous exposure to glucose-based dialysis solutions and 
peritonitis have been thought to lead to epithelial-to-mesenchymal transition (EMT), 
which occurs in the first two years of PD therapy (74). This is a complex process, in 
which mesothelial cells (MC) are transformed into myofibroblasts (69). MC that have 
undergone EMT acquire higher migratory and invasive capacities, which allow these 
cells to invade the submesothelial stroma, where they are believed to contribute to 
peritoneal fibrosis and angiogenesis and ultimately lead to peritoneal membrane 
failure. Aroeira et al. (75) demonstrated that transdifferentiated MC are an important 
source of VEGF and that the underlying mechanism of VEGF upregulation in MC is 
the mesenchymal conversion of these cells. It was shown that MC from effluents with 
fibroblast-like phenotype produced much more VEGF ex vivo than MC with epithelial 
phenotype and that patients who drain fibroblast-like cells have higher blood VEGF 
levels than patients with MC with epithelial phenotype in their effluents. Moreover, 
a correlation between ex vivo and in vivo VEGF levels and the rate of peritoneal 
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transport in patients who were on PD could be demonstrated. These results suggest 
a direct and active role of MC not only in fibrosis but also in peritoneal angiogenesis. 
 Because long-term exposure to high glucose-based dialysis solutions plays 
an important role in the pathogenesis of transport alterations in PD, the question 
arose whether these alterations were already present in diabetic patients, at the 
start of PD. The CANUSA prospective study showed
a greater proportion of diabetics among high transporter PD patients (76). In some 
studies diabetes has been significantly associated with fast solute transport rates (77-
80), while no significance was reported in others (34;81). In our study, described in 
chapter 4, no differences in transport parameters were found in diabetics, compared 
to non-diabetics in the first 4 months of PD. 
 One can speculate about the conflicting results found in the literature for 
the association between comorbidity and inflammatory markers with the PSTR 
at the start of PD. One explanation might be the difference in PD duration in the 
different studies. When transport status is measured very shortly after the start of 
PD, a steady state situation with respect to peritoneal transport has probably not yet 
been reached (53). Moreover, some of these studies were cross-sectional, implying 
that the patients were treated for a diverse duration of time. Secondly, it can be 
that the relationship between the PSTR and patient factors depends on the specific 
population of the study. In the study of Rumpsfeld et al. (82) a wide spread in the 
prevalence of diabetes mellitus was present in different ethnic groups. Diabetes 
mellitus was a significant independent predictor of fast peritoneal transport status 
only when racial origin was excluded as a covariate from the multivariate ordinal 
logistic regression model. Thirdly, some studies do not distinguish between the 
degree of comorbidity severity, or the number of patients with severe comorbidity 
was very low, like in our study.  
 Summarizing, the results of our studies on determinants of peritoneal 
transport at the start of PD, indicate 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. Comorbidity, including diabetes, could not be established as a determinant of 
peritoneal transport at the start of PD. 
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SuMMARy

Peritoneal dialysis allows solute and water transport. Adequate PD depends on a 
good function of the peritoneal membrane. The quality of the peritoneal membrane 
may be reduced at the start of PD in some patients, but in most patients peritoneal 
morphological and functional alterations develop with time on PD. Glucose based 
dialysis solutions, inflammation and infections are conceivable enemies for peritoneal 
integrity. In the present thesis, the effects of potential enemies on the peritoneal 
membrane have been described. Furthermore, the experience with peritonitis in the 
Academic Medical Center has been discussed with regard to important treatment 
changes over 32-years of clinical practice. In addition, a review of the literature has 
been given about prognostic factors for peritonitis outcome. Therefore, the present 
thesis contributes to a better understanding of the causes and effects of peritoneal 
alterations, including consequences for prevention and treatment.

In chapter 1 an overview has been given of the morphology and functional 
characterization of the peritoneal membrane, with respect to solute and fluid 
transport. In addition, the changes of the peritoneal membrane with time on PD 
and during peritonitis were discussed. The last part of the introduction covered 
all relevant aspects of peritonitis, i.e. definition, pathogens and routes of entry, 
treatment, outcome and prevention.

PART I PERITONEAL TRANSPORT

The overrepresentation of a fast peritoneal transport status in incident PD patients 
with extensive comorbidity as reported in some studies, has led to the investigation 
described in chapter 2. High mass transfer area coefficients (MTAC) of small 
solutes suggest the presence of a large number of perfused peritoneal capillaries. 
The underlying mechanisms were analyzed in incident non-diabetic PD patients 
by possible relationships with comorbidity, serum concentrations of inflammatory 
markers, and products of the mesothelial cells that can be detected in the dialysate, 
such as hyaluronan, interleukin-6, VEGF and CA125. No relationship with comorbidity 
could be established. Only VEGF influenced the association between CA125 and 
MTAC creatinine. This may indicate that CA125 is an independent determinant 
of MTAC creatinine and that its effect is partly mediated by VEGF. These findings 
suggest that mesothelial cell mass is an important determinant of the peritoneal 
transport status in incident PD patients. Furthermore, they suggest a role of VEGF in 
the regulation of the vascular peritoneal surface area.
 In chapter 3 a review was given on peritoneal membrane failure and its 
pathogenetic mechanisms. Malfunction of the peritoneal membrane is characterized 
by an insufficient ability to remove excess of fluid from the body, also referred to 
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as ultrafiltration failure. This is mostly associated with high transport rates of low 
molecular weight solutes suggesting the presence of a large vascular surface area. 
This enlargement can be functional (effective surface area: more perfused micro-
vessels) or anatomic (more micro-vessels). The former is likely to be present in some 
patients at the start of peritoneal dialysis, and also during peritonitis. The latter is 
due to extensive morphological alterations in peritoneal tissues, that can develop in 
long-term peritoneal dialysis.
 In chapter 4 peritoneal transport characteristics at the onset of peritoneal 
dialysis were compared between diabetic and non-diabetic patients. No differences 
were observed in small solute transport, net ultrafiltration, transcapillary 
ultrafiltration rate, free water transport, or lymphatic absorption. Apparently, a 
mild chronic hyperglycemic state in the peritoneal vessels does not contribute to 
important peritoneal changes. 
 In chapter 5 the effects of the very first peritonitis episode on peritoneal 
membrane characteristics in 92 chronic PD patients were described. This was done 
by a comparison of peritoneal transport parameters before and after the infection. 
To distinguish possible effects from those induced by the duration of PD, a control 
group of 45 patients without peritonitis was included. The results showed that after 
a cured first peritonitis episode, patients remained at a relatively faster peritoneal 
transport state compared to patients who were peritonitis free. The latter showed 
a significant decline in small solute transport and an increase in fluid transport. This 
may indicate that a first peritonitis episode causes low grade inflammatory damage 
to the peritoneum with neo-angiogenesis as a consequence. 
 In chapter 6 the effects of multiple peritonitis episodes on peritoneal 
transport were investigated. The change in peritoneal transport from baseline to 
the third year of PD was compared between 28 patients without peritonitis and 16 
patients with 3 or more peritonitis episodes. At baseline, peritoneal clearances of 
the serum proteins albumin, IgG, and α2-macroglobulin, were significantly lower in 
the frequent peritonitis group. This caused lower dialysate concentrations of these 
proteins. Because dialysate IgG is thought to be involved in the opsonization of 
bacteria, this might explain why patients with low dialysate IgG at the start of PD 
have an increased risk of requiring peritonitis. These patients showed an increase 
in small solute transport and a concomitant decrease of ultrafiltration. The opposite 
was found in long-term peritonitis-free PD patients. Frequent peritonitis had no 
significant effect on the time-course of the restriction coefficient to macromolecules. 
This suggests that frequent peritonitis leads to an increase of the vascular peritoneal 
surface area without all the fibrotic membrane alterations that may develop after 
long-term PD.
 Building on the previous two chapters, chapter 7 described the results 
of an observational cohort study in which peritoneal transport characteristics of 
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patients without a single episode of peritonitis -representing the natural course-, 
were compared with patients who experienced one or more episodes of peritonitis 
during a follow-up of 4 years. On top of the natural course of peritoneal function, 
peritonitis episodes influenced to some extent the time-course of small solute and 
fluid transport, especially that of solute-free water. These modifications will increase 
the risk of overhydration.  

PART II PERITONITIS IN PERITONEAL DIALySIS PATIENTS

The purpose of the last part of this thesis was to provide an overview of all aspects 
of PD peritonitis in 32 years of experience with PD patients in the Academic Medical 
Centre. Special emphasis was placed on prognostic factors for peritonitis outcome.  
 In chapter 8, the value of various treatment changes during 32-years of 
PD practice has been examined by exploring the incidence of peritonitis, causative 
organisms, clinical outcomes and trends in relation to these treatment changes. 
PD was started in the AMC as a renal replacement therapy in 1979. The straight 
connection system was replaced by a disconnect system in 1988. Daily mupirocin 
at the exit-site was used since 2001, and the exclusive use of biocompatible dialysis 
solutions was implemented in 2004. From 1979 to July 2010, a total of 731 adult 
patients started PD, and 2234 episodes of peritonitis were diagnosed and treated. 
Most of these episodes were cured (88%), and only 10% resulted in catheter removal. 
In 3% of the episodes, the patient died during peritonitis. Median time to a first 
peritonitis episode showed a gradually increase from 40 days in those early years 
to 274 days at last. The overall peritonitis rate and the Gram-positive and Gram-
negative peritonitis rates showed a decreasing time-trend. However, the duration 
of the course of antibiotics increased over time, and this was accompanied by a 
higher need to change the initial antibiotic. Increased resistance to the initial empiric 
antibiotic of choice, cephradine, was found for coagulase-negative Staphylococcus. 
Our analysis evidently showed that peritonitis rates declined significantly over the 
years because of several changes in PD treatment, but the need to change the initial 
antibiotic increased. These findings underline the importance of analyzing the local 
sensitivities for the organisms causing peritonitis, as underlined by the International 
Society for Peritoneal Dialysis.
 Besides attempts to lower peritonitis incidence, improvement of peritonitis 
outcome is also an important aspect in the care for PD patients. In the review of 
chapter 9 prognostic factors for peritonitis outcome have been discussed. Factors 
were examined which were associated with a poor outcome of peritonitis in general, 
but we also focused on certain forms of peritonitis, especially fungal peritonitis, 
culture-negative peritonitis, recurrent- and relapsing peritonitis. Also prognostic 
factors were analyzed after peritonitis-related catheter removal. 
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CONCLuSIONS

The time-course of peritoneal transport and factors influencing it (effluent 
biomarkers, comorbidity, peritonitis, dialysate IgG)

1. Mesothelial cell mass is an important determinant of the peritoneal transport 
status in incident PD patients. Of the many potential mediators produced by 
mesothelial cells, VEGF is probably the most important one. Comorbidity, 
including diabetes, could not be established as a determinant of peritoneal 
transport at the start of PD.

2. Peritonitis has no effect on the time-course of protein transport and CA125. 
But, it modifies the U-shape of small solute transport, decreases ultrafiltration 
and inhibits the rise of free water transport. Therefore peritonitis modifies 
peritoneal transport in a way that the risk of overhydration is increased. 

3. The number or timing of the peritonitis episodes do not have an effect on 
the time-course of peritoneal transport. Severe peritonitis is associated 
with a decreased transcapillary ultrafiltration rate when compared to mild 
peritonitis. 

4. Patients who experience frequent peritonitis episodes in the first three years 
of PD treatment, have low dialysate IgG concentrations at the start of PD. 
This may lead to a lower opsonic activity, which is a risk factor for peritonitis.

Clinical experience with peritonitis

1. Peritonitis is a manageable complication of PD, because of consistently high 
cure rates and low death rates over 32-years of PD practice. 

2. Peritonitis rates have improved significantly over the years because of the 
implementation of a disconnect system and daily mupirocin application at 
the exit-site. A clear unequivocal effect of the use of biocompatible solutions 
could not be found. 

3. The most frequent cause of peritonitis, coagulase-negative Staphylococcus, 
showed a decreased susceptibility for the initial empiric antibiotic over time. 
This demonstrates the importance of monitoring your center’s peritonitis 
data in order to improve peritonitis treatment and outcome.
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SAMENvATTINg

Peritoneale dialyse (PD) zorgt voor het verwijderen van afvalstoffen en overtollig 
vocht uit het lichaam. Voor adequate PD is een goede functie van het buikvlies 
(peritoneum) noodzakelijk. De kwaliteit van het peritoneum is in sommige patiënten 
al verminderd bij de start met peritoneale dialyse, bijvoorbeeld door vroegere 
buikoperaties, maar bij de meeste patiënten ontwikkelen veranderingen van het 
peritoneum in vorm en functie zich met de duur van PD. Glucose bevattende dialyse 
vloeistoffen, ontstekingen en infecties zijn mogelijke belagers voor de integriteit van 
het peritoneum. In het huidige proefschrift worden de effecten van deze mogelijke 
belagers op het peritoneum beschreven. Ook wordt een overzicht gegeven van de 
32 jaar ervaring in het Academisch Medisch Centrum (AMC) met buikvliesontsteking 
(peritonitis) en met name van de belangrijke wijzigingen in die periode. Daarnaast 
wordt een overzicht gegeven van de literatuur over voorspellende factoren voor de 
uitkomst van peritonitis. Daarom draagt dit proefschrift bij aan een beter begrip van 
de oorzaken en effecten van veranderingen in het peritoneum met  consequenties 
voor preventie en behandeling. 

In hoofdstuk 1 wordt een overzicht gegeven over de vorm- en functiekarakteristieken 
van het peritoneum wat betreft het deeltjes en water transport. Ook worden de 
veranderingen van de peritoneale membraan met de duur van PD en tijdens 
peritonitis besproken. Het laatste gedeelte van de introductie omvat alle relevante 
aspecten van peritonitis: definitie, verwekkers, routes waarlangs besmetting 
plaatsvindt, behandeling, uitkomst en preventie. 

DEEL I PERITONEAAL TRANSPORT

De oververtegenwoordiging van een snelle transportstatus van het peritoneum 
in startende PD patiënten met veel bijkomende ziektes, die in een aantal studies 
gerapporteerd werd, heeft geleid tot het onderzoek dat beschreven wordt in hoofdstuk 
2. Een hoge “mass transfer area coëfficiënt” (MTAC) van kleine deeltjes suggereert 
de aanwezigheid van een groot aantal doorbloede haarvaatjes in het peritoneum. 
Het onderliggende mechanisme werd geanalyseerd in startende PD patiënten 
zonder diabetes, door te kijken naar mogelijke relaties met bijkomende ziektes, 
serum concentraties van ontstekingsmarkers en producten van mesotheelcellen die 
in het dialysaat gemeten kunnen worden, zoals hyaluronan, interleukine-6, vasculair 
endothelial growth factor (VEGF) en cancer antigen 125 (CA125). Er werd geen relatie 
met bijkomende ziektes gevonden. Alleen VEGF beïnvloedde het gevonden verband 
tussen CA125 en de MTAC van creatinine. Dit zou kunnen betekenen dat CA125 
een onafhankelijke determinant van de MTAC creatinine is en dat dit effect partieel 
gemedieerd wordt door VEGF. Deze bevindingen suggereren dat de mesotheel cel 
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massa een belangrijke bepalende factor is van de peritoneale transport status in 
startende PD patiënten. Verder suggereert het een rol van VEGF in de regulatie van 
het peritoneale vaatoppervlak. 
 In hoofdstuk 3 wordt een literatuur overzicht gegeven over de pathogene-
tische mechanismen van peritoneaal membraan falen. Een niet goed functionerende 
peritoneale membraan wordt gekarakteriseerd door een beperkt vermogen om 
overtollig vocht uit het lichaam te verwijderen, wat ook wel ultrafiltratie falen 
wordt genoemd. Dit is meestal geassocieerd met een hoge transport snelheid van 
kleine deeltjes wat de aanwezigheid van een groot vaatoppervlak suggereert. Deze 
vergroting kan functioneel zijn (effectief oppervlak: meer doorbloede haarvaatjes) 
of anatomisch (meer haarvaatjes). De functionele vergroting kan waarschijnlijk 
aanwezig kan zijn in sommige patiënten bij de start met PD en tijdens peritonitis. 
De anatomische vergroting wordt veroorzaakt door uitgebreide anatomische 
veranderingen in het peritoneale weefsel die kunnen ontstaan na langdurige 
peritoneale dialyse. 
 In hoofdstuk 4 zijn de transport kenmerken van het peritoneum vergeleken 
tussen patiënten met of zonder diabetes mellitus die net gestart waren met 
peritoneale dialyse. Er werden geen verschillen gevonden in het kleine deeltjes 
transport, netto ultrafiltratie, transcapillaire ultrafiltratie snelheid, vrij water 
transport en lymfe absorptie. Blijkbaar leidt een milde langdurige verhoging van de 
suikerwaarde in de bloedvaten van het peritoneum niet tot belangrijke veranderingen 
in het peritoneum. 
 Hoofdstuk 5 bevat een analyse van de effecten van de eerste peritonitis 
op de kenmerken van de peritoneale membraan in 92 chronische PD patiënten. Dit 
werd gedaan door de peritoneale transport parameters van voor en na de infectie 
te vergelijken. Om deze effecten te kunnen onderscheiden van eventuele effecten 
die veroorzaakt worden door de duur van de PD, werd een controle groep van 45 
patiënten opgenomen, die nooit peritonitis had meegemaakt. De resultaten lieten 
zien dat na een genezen peritonitis, patiënten een relatief snellere peritoneale 
transport status behielden in vergelijking met patiënten zonder peritonitis. Deze 
laatste patiënten vertoonden een statistisch aantoonbare daling in het kleine 
deeltjes transport en een toename van het vocht transport. Dit kan betekenen dat 
een eerste peritonitis milde ontstekingsschade aan het peritoneum veroorzaakt met 
vaatnieuwvorming tot gevolg. 
 Hoofdstuk 6 bevat de effecten van meerdere peritonitis episoden op 
peritoneaal transport. De verandering in peritoneaal transport vanaf de start met 
PD naar het derde PD jaar werd vergeleken tussen 28 patiënten zonder peritonitis 
en 16 patiënten met 3 of meer peritonitis episoden. Bij de start was het peritoneale 
transport van de serum eiwitten albumine, IgG en α2-macroglobuline, aantoonbaar 
lager in de groep met meerdere peritonitis episoden. Hierdoor waren de dialysaat 
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concentraties van deze eiwitten lager dan bij de andere patiënten. Omdat wordt 
gedacht dat dialysaat IgG een belangrijke rol speelt in de opsonisatie van bacteriën 
(het geschikt maken van bacteriën of andere cellen voor vernietiging), zou dit 
kunnen verklaren waarom patiënten met een laag dialysaat IgG bij de start van PD 
een verhoogde kans hebben op het krijgen van peritonitis. Deze patiënten hadden 
ook een toename van het kleine deeltjes transport en een bijkomende afname in 
ultrafiltratie. Het tegenovergestelde werd gevonden in patiënten die op de lange 
termijn geen peritonitis doormaakten. Meerdere peritonitis episoden hadden geen 
aantoonbaar effect op het beloop in de tijd van de restrictie voor het transport van 
macromoleculen. Dit suggereert dat frequente peritonitis leidt tot een toename van 
het peritoneale vaatoppervlak zonder de afwijkingen in het bindweefsel die kunnen 
ontstaan na langdurige PD. 
 Voortbouwend op de voorgaande 2 hoofdstukken, worden in hoofdstuk 7 de 
resultaten van een observationele cohort studie beschreven, waarin de peritoneale 
transport karakteristieken in patiënten zonder peritonitis –die het natuurlijk beloop 
reflecteren-, werden vergeleken met patiënten die 1 of meer episoden van peritonitis 
hadden gedurende een observatie periode van 4 jaar. Bovenop het natuurlijk beloop 
van de functie van de peritoneale membraan, beïnvloeden peritonitis episoden tot 
op zekere hoogte het tijdsbeloop van het kleine deeltjes en vocht transport, vooral 
het vrij water transport. Deze veranderingen verhogen het risico op overvulling, 
d.w.z. de aanwezigheid van teveel vocht in het lichaam.

DEEL II PERITONITIS IN PERITONEALE DIALySE PATIëNTEN

Het doel van het laatste gedeelte van dit proefschrift was om een overzicht te geven 
van alle aspecten van PD peritonitis in de 32 jaar ervaring met PD patiënten in het 
Academisch Medisch Centrum. Bijzondere nadruk werd gelegd op prognostische 
factoren voor de uitkomst van peritonitis.
 Hoofdstuk 8 bevat een analyse van de verschillende wijzigingen in de 
behandeling gedurende 32 jaar PD praktijkvoering. Deze was speciaal gericht op het 
voorkomen van peritonitis, veroorzakende organismen, klinische uitkomsten en op 
trends in relatie tot deze wijzigingen. In 1979 werd met PD als nierfunctie vervangende 
therapie gestart in het AMC. Een direct connectie systeem werd vervangen door 
een indirect connectie systeem in 1988. Dagelijks mupirocine op de huidpoort 
werd geïntroduceerd in 2001 en het exclusieve gebruik van biocompatibele dialyse 
vloeistoffen werd geïmplementeerd in 2004. Van 1979 tot juli 2010 startten in totaal 
731 volwassenen met PD en 2234 peritonitis episoden werden gediagnostiseerd en 
behandeld. De meeste episoden werden genezen (88%) en slechts 10% leidde tot het 
verwijderen van de PD katheter. In 3% van de episoden overleed de patiënt tijdens 
de peritonitis. De mediane tijd tot de 1e peritonitis toonde een geleidelijke stijging 
van 40 dagen in die eerste jaren tot 274 dagen in de laatste periode. Het voorkomen 
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van alle peritonitis episoden tezamen, alsmede het voorkomen van peritonitis 
veroorzaakt door Gram-positieve en Gram-negatieve bacteriën, lieten een dalende 
trend in de tijd zien. Maar de duur van de antibiotische behandeling nam toe in de 
tijd en dit ging gepaard met een grotere behoefte om het antibioticum waarmee 
gestart was, aan te passen. Toegenomen ongevoeligheid voor cefradine, het eerste 
antibioticum van keuze, werd gevonden voor coagulase negatieve Staphylococcen. 
Onze analyse toonde duidelijk dat de peritonitis incidentie significant afnam in de 
tijd door verschillende aanpassingen in de PD behandeling, maar dat het vaker nodig 
was om het eerste antibioticum aan te passen. Deze bevindingen onderstrepen het 
belang om in het eigen centrum de gevoeligheid van de lokale micro-organismen 
die peritonitis veroorzaken te analyseren, zoals ook benadrukt wordt door ‘the 
International Society for Peritoneal Dialysis’. 
 Naast pogingen om de incidentie van peritonitis te verlagen, is het 
verbeteren van de peritonitis uitkomst ook een belangrijk aspect in de zorg voor PD 
patiënten. In het literatuur overzicht in hoofdstuk 9 worden prognostische factoren 
voor de uitkomst van peritonitis beschreven. Er werd gekeken naar factoren die 
geassocieerd zijn met een slechte uitkomst van peritonitis in het algemeen, maar er 
werd ook gefocust op bepaalde vormen van peritonitis, zoals peritonitis veroorzaakt 
door schimmels, kweek negatieve peritonitis, herhaalde- en terugkomende buikvlies 
ontsteking .Ook werden prognostische factoren geanalyseerd na een peritonitis-
gerelateerde verwijdering van de katheter.  

CONCLuSIES

Het tijdsbeloop van peritoneaal transport en factoren die het beïnvloeden 
(biomarkers in het buikvocht, co-morbiditeit, peritonitis, dialysaat IgG )

1. Mesotheel cel massa is een belangrijke determinant van de peritoneale 
transport status in nieuwe PD patiënten. Van de vele potentiële mediatoren 
geproduceerd door de mesotheelcellen, is VEGF waarschijnlijk de meest 
belangrijke. Bijkomende ziektes, inclusief diabetes, konden niet worden 
aangewezen als een bepalende factor van peritoneaal transport bij de start 
met PD. 

2. Peritonitis heeft geen effect op het tijdsbeloop van eiwit transport en 
CA125. Maar het modificeert het U-vormige beloop van het kleine deeltjes 
transport, vermindert ultrafiltratie en verhindert de toename van het vrij 
water transport. Daarom modificeert peritonitis peritoneaal transport op 
een manier dat het risico op overvulling toeneemt. 

3. Het aantal en het tijdstip van de peritonitis episoden heeft geen effect op het 
tijdsbeloop van peritoneaal transport. Ernstige peritonitis is geassocieerd 
met een afname van de transcapillaire ultrafiltratie snelheid in vergelijking 
met milde peritonitis. 
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4. Patiënten die vaak peritonitis episoden hebben in de 1e drie jaar van PD, 
hebben lagere dialysaat IgG concentraties bij de start met PD dan de andere 
patiënten. Dit kan leiden tot een lagere opsoniserende activiteit, wat een 
risicofactor voor peritonitis is. 

Klinische ervaring met peritonitis

1. Peritonitis is een behandelbare complicatie van PD, vanwege een consistent 
hoog genezingspercentage en een laag sterfte cijfer gedurende de 32-jaar 
ervaring met PD.

2. De peritonitis incidentie is over de jaren significant verbeterd door de 
implementatie van een indirect connectie systeem en de dagelijkse 
toepassing van mupirocine op de huidpoort. Een helder eenduidig effect van 
het gebruik van biocompatibele vloeistoffen, kon niet worden aangetoond. 

3. De meest voorkomende verwekker van peritonitis, een coagulase negatieve 
Staphylococ, toonde over de jaren een verminderde gevoeligheid voor 
het initiële antibioticum. Dit demonstreert het belang van het vastleggen 
van peritonitis gegevens in het eigen centrum, om zo de behandeling en 
uitkomst van peritonitis te kunnen verbeteren. 
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slag. In 2010, tijdens mijn opleiding tot nefroloog heb ik op jouw advies het onderzoek 
weer opgepakt. Bedankt dat je me die kansen hebt geboden! Jouw enthousiasme 
voor wetenschappelijk onderzoek werkt aanstekelijk en je kennis over peritoneaal 
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ontzettend van jullie vriendschap en van jouw creatieve uitspattingen, Bianca. Ook 
jullie laten mij zien dat er meer in het leven is dan alleen maar werken. Het enige 
nadeel: zijn ze eenmaal binnengedrongen in je huis, dan gaan ze nooit meer weg! 
Suzan, bedankt voor jouw tips bij de afronding van dit proefschrift!
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Lieve Jan en Gertie, ook jullie bedankt voor jullie steun en jullie interesse in mijn 
doen en laten. 

Mijn broertje, Ruud. Lieve Ruud, grote, kleine broer. We lopen de deur niet bij elkaar 
plat, maar op belangrijke momenten ben je er wel voor mij. Bijvoorbeeld als ik vast 
zit op zolder, ergens sta met pech, of als er voor de zoveelste keer verhuisd moest 
worden! Ik ben ontzettend trots op de manier waarop jij je werk uitvoert en achter je 
product staat. Ook ben ik trots op je mooie gezin met Carla, Robbe en Brent. 

Lief moederke. Jij hebt mij een fantastische opvoeding gegeven en mij alle normen 
en waarden bijgebracht die belangrijk zijn in dit leven en dat heeft me gevormd tot 
de persoon die ik nu ben. Je hebt me de kans gegeven om te gaan studeren en het 
vak van mijn dromen uit te oefenen. Jij staat altijd voor mij klaar. Dankzij de gezonde 
lekkernijen die jij langs bracht (zelf gemaakt frambozensap, appels uit eigen tuin, 
aardbeien, kersen en peren: ook met dank aan Hennie!) kreeg ik de broodnodige 
vitaminen binnen en bezorgde je me gezellige afleiding tijdens de afronding van dit 
proefschrift!

Pa, zie je, ik kan het! Ik weet zeker dat je daarboven trots op me bent. 
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LIST OF FREquENTLy uSED AbbREvIATIONS

A2M  α-2-macroglobulin
APD  Automated Peritoneal Dialysis 
AQP-1  water channel aquaporin-1
B2M  β-2-microglobulin
CA125  Cancer Antigen 125
CAPD  Continuous Ambulatory Peritoneal Dialysis
CRP  C-Reactive Protein
D/P ratio Dialysate-to-Plasma ratio
ELAR  Effective Lymphatic Absorption Rate
EMT  Epithelial-to-Mesenchymal Transition
FWT  Free Water Transport
GFR  Glomerular Filtration Rate
HD  hemodialysis
IL-6  interleukin-6
ISPD  International Society of Peritoneal Dialysis
LP-VEGF VEGF attributed to local peritoneal production
MTAC  Mass Transfer Area Coefficient
MW  Molecular Weight
NUFR  Net Ultrafiltration Rate
PET  Peritoneal Equilibration Test
PD  Peritoneal Dialysis
PSTR  Peritoneal Solute Transport Rate
RC  Restriction Coefficient
SPA  Standard Peritoneal permeability Analysis
TCUFR  Transcapillary Ultrafiltration Rate
UF  Ultrafiltration
VEGF  Vascular Endothelial Growth Factor


