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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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