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Chapter 10

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 
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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, 



162

Chapter 10

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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