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Molecular biological markers (biomarkers) as clinical decision tools in order to screen or 

recognize patients at risk and to manage treatment are often challenging quests for 

researchers and desirable utensils for physicians.     

In peritoneal dialysis (PD) the peritoneum serves as an intracorporeal dialysis 

system that offers the possibility to remove toxins and excess fluid from the circulation 

into the peritoneal cavity. Unfortunately, the continuous nature of this life-saving therapy 

triggers defense mechanisms that are fateful for protein deregulations and causes a 

turnover in the anatomy and primary function of this serous membrane. In PD the most 

clinical relevant specimen which mirrors intra-peritoneal events is the peritoneal effluent 

obtained after a regular dwell or a peritoneal function test. The derived effluent contains 

several proteins locally produced within the peritoneal cavity or are present due to 

transperitoneal transport. Eventually, from this immense pool of proteins, only a fraction 

will be proven to be of clinical value and are classified as effluent biomarkers. 

Identification of these effluent biomarkers would facilitate a non-invasive method for 

morphologic quality assessment of the peritoneal membrane which is complementary to 

peritoneal function tests and aid the management of PD treatment. 
 

1.1 Epidemiology and Population-based Biobanks 

PD is an end-stage renal replacement therapy with a prevalence of approximately 11% in 

the world-wide dialysis population.1 Although the mortality of PD patients remains high, 

the five-year patient survival improved from 29% to 41%.2 For life sustaining, patients 

who are awaiting renal transplantation or those ineligible for renal transplantation, 

dialysis therapy is essential by either haemodialysis (HD) or PD. Without contra-

indications the choice of dialysis modality depends on the patients and physicians 

preference. A short-term survival benefit has been shown for incident PD patients as 

compared to HD patients.3 However, the association is limited to the initial three years of 

dialysis treatment and is subsequently non-discriminant.3-5 Very recent European data 

have shown however that the survival of PD patients exceeds that of HD for periods up to 

five years.6 Despite of these data, the proportion of dialysis patients treated with PD 

therapy has declined globally with the exception of developing countries.1 Similar 

decreasing trends are observed in Europe and The Netherlands over a five-year period 

reporting relative declines of -1.4% and -5.0% respectively7 (Figure 1).8 However, the 

absolute number of patients commencing PD therapy in The Netherlands remained 

stable.9  
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Figure 1. Proportion of dialysis patients treated with PD in The Netherlands. Adapted from Renine.8 

 

 

A number of international and national multi-center cohorts within nephrology 

are expanding their research potentials by including patients’ specimens such as plasma, 

serum and urine to existing clinical documentation in a longitudinal fashion. In 2007, the 

inception of a Dutch cohort (Parelsnoer Initiatief - Biobank of Nephrological Diseases-NL) 

amongst all university medical centers with nephrology as one of its focal point rose to an 

infrastructure aimed at quality care improvement as well as extending the knowledge in 

the aetiology of chronic kidney diseases by enabling fundamental and translational 

research to a large scale.10 In the Netherlands the first initiative to establish such a study 

with a dual purpose was the Netherlands Cooperative Study on the Adequacy of Dialysis 

(NECOSAD), a multi-center cohort study in incident dialysis patients. Besides collection 

and archiving of the above-mentioned human specimens, this specific longitudinal 

prospective biobank was enriched with peritoneal dialysate specimens. A randomized 

trial was conducted to address patient survival between HD and PD within the 

NECOSAD, but revealed impossible due to low recruitment rates.11 Likewise, these 

difficulties occurred in the comparison between conventional and more biocompatible 

PD solutions. Therefore, to evaluate the effects of these PD solutions the GLOBAL Fluid 

Study was established in 2001. This worldwide longitudinal cohort focused on the 

association between the PD fluids and PD-related clinical outcomes, patient and 

technique survival, peritoneal membrane function as well as the effect on effluent 

biomarkers. Even though such collaborations and initiatives are very powerful resources, 
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the importance of longitudinal within-center biorepositories should not be neglected. 

 

1.2 Peritoneal Dialysis: Concepts and Developmental History 

Whereas in HD the dialysis is performed extracorporeal, the removal of toxic waste 

products and excess fluid in PD occurs across the peritoneal membrane. Already in 1877 

the physiologist Wegner infused rabbits and dogs intra-peritoneally with glucose 

containing fluids to study physiological characteristics of the peritoneum.12 Almost five 

decades later the in vivo human peritoneum was used as a biologic dialysis membrane.13 

Boen was the first to describe the clinical use in patients with acute renal failure.14 

However, as scepticism and Pandora’s box accompany most inventions, it was only after 

the development of Tenckhoff catheters, Popovich and Moncrief’s rejected abstract about 

the “novel portable-wearable equilibrium peritoneal technique”,15 which required 

redefinition that the currently well-established continuous ambulatory PD16 (CAPD) was 

published. CAPD is characterized by a four or five long-term rinsing scheme divided over 

the whole day. The continuous presence of the PD solution retains fluid balance and 

homeostatic stability. The second PD modality is automated PD (APD), which is the 

mechanical modality within PD performed overnight and offers additional lifestyle 

flexibility. Both PD modalities are comparable in terms of quality of life17,18 and 

survival.18-20 However, differences are present with regard to transcapillary ultrafiltration 

and lymphatic absorption rates.21        

PD in itself is a local therapy with a systemic effect. The insertion of a permanent 

catheter into the abdominal cavity and infusion of 1.5 to 2.5 liters of a hyperosmolar 

dialysis solution induces a natural and straightforward phenomenon that occurs 

ubiquitously, namely diffusion. After a pre-defined time interval the dialysate is drained 

and replaced with fresh dialysis solution. Besides this simple fundament, the efficiency of 

PD is extended by several other determinants such as the effective surface area and 

hydraulic permeability. The hydrostatic and osmotic pressures alongside lymphatic 

absorption are responsible for the removal of access fluid. The composition of PD 

solutions is therefore essential. Today a number of dialysis solutions is available. In 

general the two main categories are bioincompatible (conventional) and biocompatible 

(modern) solutions. The terms refer to the tolerability of the peritoneal membrane towards 

the contents of these solutions. Key determinants of PD solutions for preservation of the 

peritoneal membrane status depend on the acidity, glucose concentration and glucose 

degradation products (GDPs). In a chronic uremic dialysis rodent model the more 
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biocompatible PD solutions induced less fibrosis and vessel formation.22 In contrast, 

human studies reporting effects of the more biocompatible versus bioincompatible PD 

solutions are inconclusive.23 The discrepancies in outcome are most likely due to varying 

GDPs composition between manufacturers, heterogeneity and magnitude of study 

population, study designs and the follow-up duration across individual studies. 

Unfortunately, the last decade no advances have been made with respect to introduction 

of novel dialysis solutions. 

 

1.3 Anatomy and Physiology of the Peritoneal Membrane 

As the largest serous membrane, the peritoneum lines the inner abdominal wall and 

covers the external surface of the internal organs in a continuous manner. Its constituents 

encompass the visceral peritoneum (~60%), mesenterium (~30%) and the parietal 

peritoneum (~10%). The potential space between the facing surfaces of the visceral and 

parietal peritoneum is the peritoneal cavity. Under normal circumstances the principal 

purpose of the peritoneum is to prevent friction and adhesions. The complex 

ultrastructure of the peritoneal membrane comprises three main layers: mesothelium, 

interstitium and peritoneal microvessels. Not all of these layers are considered to be 

prominent barriers to peritoneal solute and fluid transport, but morphological alterations 

are observed in all of these components.24,25  

When the PD solution is instilled into the peritoneal cavity the fluid initially 

passes through the mesothelium. The mesothelium is of mesenchymal origin and consists 

of a monolayer of squamous epithelial cells which lie on a thin basement membrane.26 

Covered by microvilli on the luminal side in order to increase the mesothelial surface 

area, mesothelial cells are capable of secreting various substances for lubrication as well 

as local host defense.27,28 Morphometric data are however difficult to obtain, as the 

mesothelium is susceptible to artefactual damage during peritoneal biopsying. Despite of 

the intercellular junctions, in vivo experiments show that the mesothelium allows un-

restricted solute and fluid movement.29,30 

The second component of the peritoneal membrane is the interstitium. It is 

composed by the extracellular matrix proteins: collagen, fibronectin and glycosamino-

glycans such as hyaluronan. Anatomically the interstitium does not enclose membrane-

like characteristics. The exact contribution of the interstitial tissue to peritoneal transport 

is not elucidated. Nevertheless, accumulation of extracellular matrix constituents may 

contribute to a more stagnant feature potentially leading to a decrease in effective 
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diffusivity. In the interstitium lymphatic vessels and peritoneal capillaries are embedded 

as well. The latter is considered as the central barrier in PD, which determines the 

peritoneal permeability and solute transport. A single layer of endothelium forms the core 

of a peritoneal capillary that is enfolded by a basement membrane. On the luminal 

surface of the vascular endothelium resides the endothelial glycocalyx, which is a 

vascular protective hydrated gel-like layer.31 Recently, an altered systemic glycocalyx was 

observed in dialysis patients when measured sublingually.32 The exact contribution of the 

glycocalyx to peritoneal transport permeability however remains to be elucidated. The 

peritoneal capillaries permit size-selective solute transport from the circulation to the 

dialysate by means of diffusion or convection. Additionally, the permeability of the 

capillary bed can be modulated by intrinsic and extrinsic factors. 

 

1.4 Effect of Long-term PD on Functional Parameters    

As described in section 1.2, the peritoneal membrane is used as a biological dialysis 

membrane. The efficacy of PD can be monitored by peritoneal function tests. The first 

peritoneal function test that was introduced into clinical practice was the peritoneal 

equilibration test (PET), a standardized four-hour dwell developed by Twardowksi et al.33 

Over the years a number of other peritoneal function tests became available. Recently, 

their advantages and limitations have been discussed in a review.34 Important peritoneal 

transport parameters include the net ultrafiltration (UF), mass transfer area coefficients 

(MTAC) and free water transport (FWT).  

With time on PD, functional alterations of the peritoneal membrane arise which 

may lead to the discontinuation of PD therapy. The International Society on Peritoneal 

Dialysis (ISPD) provided a guideline with regard to the identification of UF failure.35 The 

definition of UF failure is as follows: a net UF of less than 400mL, measured after a four-

hour standardized dwell with a 3.86% or 4.25% glucose-based dialysis solution. 

Moreover, from the peritoneal function tests patients are classified according to their 

peritoneal transport rate by means of MTACcreatinine into four categories of peritoneal 

transport, in which the so-called fast and slow transporters are the extremes.36 

Functionally, the number of perfused capillaries is suggested to be responsible for the fast 

dissipation of the osmotic gradient and may lead to early UF failure.37 It was indicated 

that a fast transport status is associated with an increased risk for technique failure and 

mortality in CAPD patients.38 These discrepancies depict the large variability observed 

between PD patients briefly after the initiation of PD therapy. PD technique failure due to 
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peritoneal membrane dysfunction is usually observed after a treatment period of two 

years.39 An increase in MTACcreatinine and lymphatic absorption rate and a decrease in FWT 

and osmotic conductance are probably the most commonly observed alterations.37 The 

clinical manifestation of late UF failure occurs in patients who are treated with PD for a 

duration of four years or more.37,40 In a progressive phase patients’ FWT becomes 

impaired. The impairment in FWT is more obvious in those who develop encapsulating 

peritoneal sclerosis (EPS). In fact, FWT40 and the osmotic conductance41 are the only 

functional parameters which distinct patients who develop EPS from long-term PD 

patients. Considering the above-mentioned transport parameters it is clear that peritoneal 

membrane dysfunction is an important reason for drop-out in long-term PD. 

 

1.5 Effect of Long-term PD on Peritoneal Membrane Morphology   

Long-term persistent exposure of non-biological fluids alters several anatomical 

organizations and induces pathophysiological processes which negatively affect the 

peritoneal membrane integrity. Anatomical modifications are difficult to assess, because 

no visualization is possible without peritoneal biopsy sampling. Peritoneal biopsies may 

be obtained by indication, during catheter (re)implantation or removal or renal 

transplantation. These biopsies merely represent the parietal peritoneum for practical 

reasons. Furthermore, the invasive character and potential harm induced by this 

procedure prevent repetitive appraisal of peritoneal membrane morphology. Studies on 

the anatomy and morphology of the peritoneal membrane are therefore sparse and never 

from an intended perspective to establish histological individual time-course assessment. 

Animal studies have shown that chronic uraemia per se affects the peritoneal 

membrane.42 Therefore, inflammation of the peritoneal membrane can be caused by an 

accumulation of patient related factors and the exposure of PD solutions. Furthermore, 

the increase in intra-peritoneal pressure and number of peritonitis episodes are of 

relevance. Due to the persistent low-grade inflammation and oxidative stress mesothelial 

cells undergo epithelial-to-mesenchymal transition (EMT), which occurs in the first two 

years of PD therapy.43 Even though, the contribution of EMT to future anatomical and 

functional modifications requires more research, the transdifferentiation of mesothelial 

cells has been suggested to be a pivotal factor in the decline of peritoneal membrane 

integrity.44 Moreover, degeneration of mesothelial cells occurs during PD therapy. 

Observations show that the microvilli present on the mesothelial surface are lost26 and 

that in approximately half of PD patients the mesothelium is absent.24 Mesothelial cells 
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are capable to secrete and excrete various substances such as cytokines, chemokines, 

glycosaminoglycans, proteoglycans and factors of coagulation and fibrinolysis.45-49 On 

account of these entities the mesothelium may thereby indirectly be engaged in mediators 

of peritoneal transport. Albeit not involved in the peritoneal transport of fluid and solutes, 

impairment of the mesothelium represents loss of an important constituent of the 

peritoneal membrane.         

Modifications in the peritoneal capillary wall arise as well.24,25 The prevalence of 

vasculopathy is 68% after two years of PD therapy.24 Endothelial dysfunction has been 

postulated to be an early event involved in the development of vascular damage. 

Dilatation of peritoneal capillaries has been observed in patients with a treatment 

duration of more than two years and in those patients diagnosed with EPS.25 These 

findings coincide with the elevated levels of MTACs in long-term PD patients. 

Reduplication of the capillary basement membrane has also been reported.50 

Anatomically, the number of peritoneal capillaries is increased with duration of PD. 

However, no association is present between neoangiogenesis and PD duration.51,52 

Finally, with progression of PD duration the submesothelial compact zone is thickened 

with depositions of collagen and myofibroblasts found in the peritoneal interstitium.24,25,53 

The presence of myofibroblastic cells can promote healing and thus contribute to 

neoangiogenesis and fibrogenesis.54 Patients who develop EPS show most detrimental 

effects of PD therapy. EPS can therefore be regarded as the ultimate reason for 

discontinuation of PD treatment due to functional and morphologic deregulations. 

 

1.6 Candidate Effluent Biomarkers 

The most uncomplicated way to monitor pathophysiological events which occur in the 

peritoneal membrane is to measure locally produced substances within the peritoneal 

cavity. Nonetheless, integration of effluent biomarkers in clinical practice is still modest 

whilst their applications could include early detection of peritoneal membrane 

alterations, progression and prognosis of PD treatment and potentially serve as 

therapeutic targets. This section briefly discusses some background and biological 

properties (Table 1) of effluent biomarkers addressed in this thesis, as a review is given in 

chapter 3. 

Cancer antigen 125 (CA125) was firstly discovered as a biomarker of ovarian 

carcinomas when measured in serum.55,56 CA125 is a large glycoprotein with a molecular 

weight (Mw) of 220 kDa and follows a linear course during a four-hour dwell irrespective 
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of the percentage of glucose in PD solutions.57 Recently, it has been discussed if effluent  

CA125 represents mesothelial cell viability or enervation.58-60 However, numerous studies 

have signified the use of effluent CA125 as a plausible indicator of mesothelial cell 

mass.61 Unfortunately, no morphometric data have been published with histochemical 

measurements of CA125 to reinforce these findings.  

E-Selectin and vascular cell adhesion molecule-1 (VCAM-1) are both markers of 

endothelial dysfunction. These adhesion molecules have a Mw between 100-115 kDa 

and their production is more or less entirely from endothelium source.62 At present no 

study has investigated effluent levels of E-Selectin and VCAM-1. However, elevated serum 

levels are found in chronic renal failure and dialysis patients.63,64 

Interleukin-6 (IL-6) is a pleiotropic cytokine involved in the acute phase response 

and is also influenced by angiogenesis and chronic inflammation.65 This cytokine has a 

corresponding Mw of 26kDa and the encoding gene is located on chromosome 7.66 IL-6 

is further produced by various cell types and can be stimulated by chemokines.66 

Systemic IL-6 is considered to be a risk factor for mortality in HD and PD patients.67 High 

effluent levels of IL-6 have been associated with a fast transport status.68 

Matrix metalloproteinase-2 (MMP-2) was discovered in 1985 as glycoproteinase 

A.69 With a Mw similar to albumin, MMP-2 is involved in tissue remodeling and EMT.70,71 

Elevated effluent levels have been found in PD patients with moderate peritoneal 

damage.72 

The first study on peritoneal effluent levels of plasminogen activator inhibitor-1 

(PAI-1) originates from 1990.73 The authors reported low levels of PAI-1, which are 

present in peritoneal effluent.73 A linear increase during a four-hour dwell with no 

difference between the use of 1.36% versus 3.86% glucose-based dialysis solutions was 

found.74 Nowadays, more than two decades later the number of studies on effluent PAI-1 

is still limited. 
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are capable to secrete and excrete various substances such as cytokines, chemokines, 

glycosaminoglycans, proteoglycans and factors of coagulation and fibrinolysis.45-49 On 

account of these entities the mesothelium may thereby indirectly be engaged in mediators 
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However, no association is present between neoangiogenesis and PD duration.51,52 
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The presence of myofibroblastic cells can promote healing and thus contribute to 

neoangiogenesis and fibrogenesis.54 Patients who develop EPS show most detrimental 

effects of PD therapy. EPS can therefore be regarded as the ultimate reason for 

discontinuation of PD treatment due to functional and morphologic deregulations. 
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of the percentage of glucose in PD solutions.57 Recently, it has been discussed if effluent  

CA125 represents mesothelial cell viability or enervation.58-60 However, numerous studies 

have signified the use of effluent CA125 as a plausible indicator of mesothelial cell 
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Table 1. Biological properties of candidate effluent biomarkers in PD. 

 

 

1.7 Scope and Outline of the Thesis 

Due to PD therapy the peritoneal membrane is continuously exposed to non-biological 

dialysis solutions. In a portion of patients receiving long-term PD treatment several 

modifications on a functional as well as an anatomical level may rise. Functional 

characterization of the peritoneal membrane can be assessed routinely by peritoneal 

function tests. In contrast, the direct detection of anatomical modifications is somewhat 

problematic, as the follow-up would require repetitive biopsies in which it is speculative 

if the derived peritoneal tissue is representative for the complete peritoneal membrane 

and evolves the effective peritoneal surface area. Additionally, the parameters of 

peritoneal transport provide surrogate information on some anatomical components of the 

peritoneal membrane and are of insufficient potential to appraise the morphologic 

integrity.  
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glycoprotein 
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ELAM-1; 

LECAM-2; 
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Type I 

transmembrane 

glycoprotein 

115 Cytokine-activated endothelial 

cells 

 

IL-6 
 
 
 
 

B cell 

stimulatory 

factor-2; 

Interferon-ß2 

Cytokine 26 

 

Endothelium, fibroblast, 

mesothelium, 

monocytes/macrophages, 

neutrophil, Th-2 cells 

MMP-2 
 
 
 

Collagenase 

type IV;  

Gelatinase A 

Gelatinase 72 Mesothelium, endothelium 

 

PAI-1 
 
 

SERPINE-1 Glycoprotein 50 Endothelium, mesothelium, 

vascular smooth muscle cells 

VCAM-1 CD106 Type I 

transmembrane 

glycoprotein 

100-110 Activated endothelial cells, 

leukocytes, macrophages 
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The drained effluent, obtained after a dialysis session or preferably at the end of a 

peritoneal function test, contains clinically relevant proteins, which enables the constant 

opportunity to gain insight into pathophysiological events occurring within the peritoneal 

cavity. Therefore, the aim of this thesis was to investigate substances present in the 

peritoneal effluent, which mirror peritoneal anatomical modifications with progression of 

PD treatment. The emphasis was a more detailed examination of established and 

candidate effluent biomarkers in a translational fashion. Finally, the clinical significance 

of a selected panel of effluent biomarkers and a peritoneal transport parameter as non-

invasive instruments during longitudinal follow-up of chronic PD patients was evaluated. 

This thesis is organized into four main sections accordingly.      

In this first chapter a general introduction has been given about epidemiology, 

concepts and history of peritoneal dialysis, followed by the anatomy and physiology of 

the peritoneal membrane. Subsequently, the effect of long-term PD therapy has been 

discussed and information on biological properties has been supplied with regard to the 

investigated effluent biomarkers. Finally, the aim, outline and rationale for the study 

designs and data collection of this thesis are provided.  

 

Part I Fundamentals 

In chapter 2 an overview is given on the evolving high-dimensional technologies of 

biomarker discovery within the field of PD whereas, in chapter 3 a review on the current 

status and practical use of effluent biomarkers is presented.  

 

Part II Identification and Characterization 

The main theme of chapter 4 is the biologic variability of effluent CA125 and IL-6 when 

measured in regular clinical outpatient visits under non-standardized conditions.  

Chapter 5 addresses soluble adhesion molecules VCAM-1 and E-Selectin as 

latent indicators of peritoneal endothelial dysfunction. As the mobility of proteins through 

tissues are determined by their charge, configuration and size, the importance of free 

diffusion coefficients is addressed besides the assessment of local peritoneal production 

based solely on the molecular weight of proteins. 

At present no instruments are available to indicate the degree of peritoneal 

fibrosis of the peritoneal membrane. Therefore, in chapter 6 MMP-2 and PAI-1, that are 

believed to be involved in the coagulation, fibrotic processes and remodeling of tissues 

were investigated as potential markers of peritoneal membrane alterations. 
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Part III Clinical Application 

The focus of chapter 7 is on PD technique failure due to peritoneal membrane 

dysfunction. The association between levels of effluent CA125 and technique survival of 

PD patients were therefore explored. 

In the extension of previous study results, chapter 8 evaluates the discriminative 

ability of effluent MMP-2 and PAI-1 in patients who developed EPS in comparison to 

long-term PD patients. Furthermore, a panel consisting of an effluent biomarker and free 

water transport was constructed in chapter 9 to determine their clinical relevance in the 

years preceding EPS diagnosis.  

 

Part IV Summary, Discussion and Future Perspectives 

In the concluding chapter 10 all above-mentioned parts of this thesis are discussed and 

the contribution of the investigated effluent biomarkers are addressed. 

 

1.8 Rationale for Study Designs and Data Collection 

PD patients from the Academic Medical Center - University of Amsterdam were used as 

main cohort (1996-2013). At our department almost every PD patient undergoes a 

standardized peritoneal permeability analysis (SPA) repeated annually until 

discontinuation of PD treatment. During this four-hour SPA intermediate dialysate 

specimens are sampled at pre-specified time points namely at 0, 10, 30, 60, 120, 180 and 

240 minutes. The acquired dialysate samples are partially processed for immediate 

biochemical analysis for routine patient care where parameters of peritoneal fluid and 

solute transport are determined. Secondary, dialysate samples collected at 240 minutes 

(end of SPA) are prospectively archived for individual patients. These dialysate samples 

are serially assembled in the absence of ascertainment on clinically relevant outcomes 

such as peritoneal membrane failure or encapsulating peritoneal sclerosis. This allowed 

the cross-sectional and retrospective biochemical determinations for biomarker discovery 

as presented in this thesis. Furthermore, only adult PD patients were included in the 

studies described in this thesis. No episode of peritonitis had occurred in any of the 

patients at one month prior to dialysate withdrawal or performance of the SPA.   

A prospective study was conducted in chapter 4 where patients’ dialysate 

specimens were derived from the last long day or night dwell. From a subset of patients 

intermediate dialysate samples were obtained during the four-hour SPA.   
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Due to the hypothesis-generating nature of chapter 5 a cross-sectional study 

design was chosen. A number of non-diabetic PD patients who underwent a SPA as 

routine patient care were selected. The identification of UF failure was according to the 

ISPD guidelines.  

Chapter 6 included incident PD patients solely treated with the more 

biocompatible dialysis solutions in the period between 2002 and 2009. An additional 

criterion was the presence of a peritoneal function assessment within the first year of PD 

therapy. All dialysate specimens, obtained after a SPA from individual patients, were 

collected up to a maximum of five years of PD therapy.    

The Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) 

was the main study population for the research performed in chapter 7. NECOSAD is a 

prospective and longitudinal Dutch multicenter cohort including 38 dialysis centers and 

2000 incident dialysis patients. For this study the cohort of incident PD patients had to 

have a PD duration of at least two years and their dialysate specimens originated from the 

long dwell. For logistic reasons a nested case-control design was applied. As validation 

cohort, incident PD patients from our center were included between 1996 and 2010. 

Biochemical determinations were analyzed from the dialysate specimens acquired after 

the routine SPA assessment for which patients were treated for more than two years. 

Follow-up was until technique failure, renal transplantation, and mortality or after a 

maximum follow-up duration of three years.   

Similarly, for logistic reasons and additionally due to low event rates, nested 

case-control designs were employed in chapter 8 and chapter 9. Included PD patients 

were those who developed EPS and those with a minimum PD therapy duration of 

approximately five years. Dialysate specimens were collected at a lag time of maximum 

four years prior to the diagnosis of EPS or last available and onwards SPA.  
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