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PARTI 

PERITONEAL DIALYSIS IN CHILDREN 





Chapter 1 

GENERAL INTRODUCTION 

A.W. de Boer', C.H. Schröder2, L.A.H. Monnens1. 

Department of Pediatrics1, University Hospital Nijmegen, Nijmegen, 
The Netherlands. 
Department of Pediatrics2, Wilhelmina Childrens Hospital, Utrecht, 
The Netherlands. 
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1.1 CURRENT CONCEPTS IN PERITONEAL TRANSPORT 

The "peritoneal membrane", the lining of the peritoneal cavity, can be used 
as an endogenous membrane to remove uremic toxins and water from the 
body fluids of patients with end-stage renal disease (1). This complex 
structure consists of at least three anatomical layers (figure 1): the peritoneal 
capillary walls with their surrounding basement membranes, the interstitium 
and the highly permeable mesothelium due to large intercellular pores (1,2). 

Figure 1. Diagrammatic representation of resistance to solute passage from peritoneal 
capillaries to dialysate. (Reprinted with permission of Blackwell Science, Inc. from 
reference 23) 

The concept of an overall peritoneal membrane being responsible for trans
peritoneal transport of fluid and solutes oversimplifies the underlying 
physiological mechanisms. In the last years, the development of different 
physiological models gives us more insight into the understanding of trans
peritoneal transport of fluid and solutes during peritoneal dialysis; therefore 
a brief overview is given. 

Transport of fluid and solutes occurs during peritoneal dialysis in two 
different directions. 
I. Ultrafiltration of fluid accompanied by transport of solutes occurs 
from the blood to the peritoneal cavity. Increasing the osmotic pressure of 
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the dialysis solution in companson to blood results in removal of fluid from 
the patient (3). Solutes are transported through the peritoneal barrier both by 
diffusion (due to the concentration gradient between blood and dialysate) 
and convection (due to the osmotic gradient caused by the osmotic agent) 
(4) 
II. Absorption of dialysis fluid occurs from the pentoneal cavity to the 
blood directly by lymphatic absorption (5,6) or indirectly by hydrostatic 
dnven force into the pentoneal interstitium (7). The instillation of dialysis 
fluid in the pentoneal cavity increases the intrapentoneal pressure to 
approximately 6 mm Hg; because the interstitial hydrostatic pressure will 
always be 0 to 1 mm Hg, fluid will tend to be dnven into the tissue. Small 
solutes are absorbed from the pentoneal cavity into the pentoneal capillanes 
by diffusive transport dependent on solute size (8), whereas macromolecules 
are only transported into the blood by means of lymphatic absorption (9,10). 
The three compartment model of Plessner (11) elegantly descnbes the bi
directional transport of fluid and solutes m pentoneal dialysis (figure 2) 

Diaphragmatic lymphatics 

PERITONEAL 

CAVITY 

hydrostatic 
pressure 

h - PERITONEAL 

TISSUE 

^ 
w 

intratissue 
lymphatic 

BLOOD 

osmotic blood 
pressure capillary 

exchange 

Figure 2 The three-compartment model 
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The peritoneal cavity 
The parietal peritoneum, which contributes to about 20% of the total perito
neal surface area, seems to play a crucial role in peritoneal mass transport of 
small solutes during peritoneal dialysis (12). The importance of a particular 
tissue to plasma-peritoneal transport is primarily dependent on the surface 
area exposed to the dialysis solution. The peritoneal area of contact with 
dialysate, as studied in animals, shows that fluid in the quiescent peritoneal 
cavity comes into contact with only about 25-30 % of the total peritoneal 
area (13). Visceral parts of the peritoneum are generally not very efficient as 
exchange surfaces, possibly due to the peritoneal anatomical arrangements 
producing fluid pockets and "unstirred conditions" in the peritoneal fluid in 
contact with the peritoneal membrane. This was confirmed by Fox et al (14) 
in rabbits where evisceration did not influence diffusive solute transport. 
Upon vibration a significantly enhanced plasma-to-peritoneal clearance of 
albumin was seen in intact rats compared to controls, whereas this was not 
seen in eviscerated rats. Zakaria et al (15) hereby concluded that the visceral 
peritoneum might play a role in transperitoneal transport, but only after 
stirring. 

The peritoneal tissue or interstitium 

The properties of the tissue interstitium surrounding the peritoneal cavity 
have hardly been investigated. Although more researchers acknowledge the 
importance of the interstitium as a barrier to transperitoneal transport 
(1,2,16,17) only the group of Plessner has studied the interstitium more in 
detail. The interstitium has been described as a two-phase system that 
contains colloid-rich (mucopolysaccharides), water-poor areas alternating 
with water-rich, colloid-poor areas (18). It surrounds the peritoneal capillary 
exchange vessels. The colloid rich areas retard the transport of solutes from 
the peritoneal cavity to the blood, since diffusion of solutes in tissue is 
decreased compared to diffusion of solutes in water (13). This mechanism 
acknowledges for the fact that the larger the distance between the interstitial 
capillary and the peritoneal surface, the more significant the resistance of 
the interstitium to the diffusive transport of small solutes becomes. 
The hydrostatic tissue pressure gradient is the driving force for 
nonlymphatic fluid loss from the peritoneal cavity into surrounding tissue. 
Interstitial hydrostatic pressure in the abdominal wall of the rat during 
peritoneal dialysis decreases the further the distance from the peritoneum 
(19). So, the hydrostatic tissue pressure gradient is higher in the capillaries 
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with a longer distance from the peritoneal cavity (where the hydrostatic 
pressure is about 6 mm Hg), and a larger flow of water from the peritoneal 
cavity to the blood is seen in these distant capillaries. This phenomenon 
makes the distant capillaries less suitable for the desired ultrafiltration 
needed in peritoneal dialysis. This increased hydrostatic pressure diminishes 
the net ultrafiltration at the beginning of the capillary and augments the net 
resorption at the distal part of the capillary. More superficial blood vessels 
in the mesentery or in the arcades that branch over the gut have been 
implicated as the source of the (desired) flow of water from the blood to the 
peritoneal cavity, but the anatomical source needs still to be discovered. 

The mesothelium 

Both parietal and visceral peritoneum are covered by a monolayer of 
squamoid epithelium of mesenchymal origin, which is called mesothelium 
(20). It seems to offer very little resistance to transport of small and large 
solutes across the peritoneal membrane Protein absorption studies have 
demonstrated that protein is absorbed at the same rate as water and that the 
rate of absorption is proportional to hydrostatic pressure (7). Cancer antigen 
125 (CA 125) has been shown to be a marker for mesothehal cells (21); no 
relation with transport parameters in stable peritoneal dialysis patients has 
been found (22). This supports the fact that the mesothelium does not play a 
significant role in peritoneal transport. 

Peritoneal capillary wall 

The peritoneal capillary wall is the main transport bamer to solute transport 
in peritoneal dialysis. In describing probable resistances that solutes cross in 
moving from peritoneal capillaries into the peritoneal cavity, Nolph et al. 
acknowledged the importance of the "endothelial resistance" and the "capil
lary basement membrane" of the peritoneal capillary wall (23). The number 
of capillaries perfused and the arrangements of the capillaries in the 
peritoneal interstitium, i.e. the functional peritoneal surface area, are of 
importance in peritoneal exchange (1). Vasodilatation may increase the 
number of capillaries perfused (23) This effective peritoneal surface area, 
as it is also called, can be influenced clinically by adding the vasodilator 
nitroprusside intraperitoneally which causes an increment in the number of 
newly opened capillaries and increases the intrinsic peritoneal permeability 
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(24). Blood flow to peritoneal tissue does not seem to be a limiting factor in 
peritoneal transport across the blood capillary. This has been shown in rats 
by measuring simultaneously solute transport and blood flow under different 
circumstances, showing that large drops in blood flow (a reduction of 60-70 
%) do not limit solute or water transport during peritoneal dialysis (25). 
In transport across the blood capillary, a substance can also be limited by 
transendothelial transport, i.e. "membrane-limited" (7). Different models are 
used to describe the physiology of this transcapillary membrane transport. 
In general, with regard to solute transport, a majority of microvascular walls 
seems to show a bimodal size selectivity. This implies the presence of func
tional small pores, restricting larger molecules such as proteins, and a 
number of non-size-selective pathways, permitting the passage of 
macromolecules from blood to tissue, denoted large pores (26). The 
peritoneal vascular wall is heteroporous; i.e. contains pores of various sizes 
(27,28). 

Solute transport 
By using computer simulations Rippe (29) developed this two-pore concept 
for solutes further and concluded that the blood-peritoneal barrier contains a 
large number of small pores of radius 40 to 55 Â, allowing transvascular ex
change of small hydrophilic solutes, and a small number of large pores of 
radius 200 to 300 Â, allowing for a unidirectional flux of macromolecules 
from the blood to the peritoneal cavity. Morphologically the small pores 
were probably represented by the clefts between individual endothelial cells 
in the microvessels, whereas the morphological counterpart of the large 
pores was not identified. 

Fluid transport 
Transperitoneal fluid (or water) transport through the numerous small pores 
is by hydraulic, oncotic (colloid osmotic) and osmotic (crystalloid) driving 
forces. The rate of fluid movement through the large pores is independent of 
both plasma oncotic pressure and dialysis solution tonicity (27) as is also 
shown by studies of peritoneal clearances of total protein in patients, being 
independent of the composition of dialysis fluid (30,31). Fluid transport 
through the large pores is driven by a hydraulic pressure gradient. Dialysis 
tonicity (glucose) induces fluid movement primarily across the very few 
ultrasmall pores (with a radius of 4 to 5 Â), which are thought to be 
transcellular (27). 
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The two-pore model of solute transport or three-pore model of solute and 
water transport (16,32,33) describes fluid and solute transport across the 
capillary wall as is shown in figure 3. 

water only 

Peritoneal 
membrane 

small solutes 
& low mw proteins 
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Figure 3. Three-pore model of solute and water transport. 

Although the three-pore model seems suitable to describe transperitoneal 
transport, it must be stressed that it describes transport across peritoneal 
capillaries and does not take into account the interstitium with the 
distribution of the capillaries (17,34,35,36). 

The concept of the ultrasmall pores in the peritoneal vascular wall explains 
elegantly why glucose and other low-molecular weight solutes like glycerol 
and amino acids are effective osmotic agents (37,38). The osmotic agents 
contribute their effect by increasing the crystalloid osmotic pressure in the 
peritoneal cavity, inducing fluid transport across the small pores but also 
through the ultrasmall transcellular pores as is shown in figure 4. Colloid 
osmosis induces fluid transport only across the small-pore system (39). The 
ultrasmall transcellular pores allow the transport of water, but not of solutes. 
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Figure 4. The various pore systems in the vascular wall. 
Reproduced with permission of Oxford University Press from: Krediet RT. Loss of 
membrane permeability: a threat for CAPD. In: Andreucci VE, Fine LG.eds. Int 
Yearbook Nephrology 1997. 

Recent developments in molecular biology have changed insights in the 
molecular basis of water transport in biological membranes in general. A 
family of proteins for transcellular water transport, aquaporins, have been 
discovered in various tissues in plants, animals and human (40). These 
aquaporins have comparable functions as the ultrasmall pores in the 
peritoneal membrane and act as an osmotically driven pore. The presence of 
aquaporin-1 (AQP1) in the endothelium and mesothelium of the rat 
peritoneum has been demonstrated by Carlsson et al. (41). AQPl has been 
demonstrated in human peritoneal endothelial cells of uremic and PD 
patients using immunohistochemical techniques (42). By using modem 
molecular biology techniques AQPl, AQP3 and AQP4 could be 
demonstrated in human peritoneum and both AQPl and AQP3 in peritoneal 
dialysate as well (43). In mice AQPl protein has been shown in capillary 
endothelia, and AQP4 protein in adjacent diaphragmatic muscle 
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plasmalemma (not in the pentoneum). AQPl knock-out mice show a 
significant decrease in intraperitoneal volume during intraperitoneal dialysis 
compared to the wildtype mouse, indicating the role for AQPl in water 
transport across the peritoneal barrier (44). AQP4 deletion does not show 
any change in water transport across the peritoneal barrier. 

Reviewing the physiology behind water transport during peritoneal dialysis, 
Ho-dac-Pannekeet et al (45) concluded that osmolality driven transcellular 
water transport through aquaponns present in endothelial cells of peritoneal 
capillaries is likely to occur during peritoneal dialysis. Combining the fluid 
kinetics of glucose with icodextrin enabled them to calculate the 
contribution of transcellular pore system to the total ultrafiltration 
coefficient of the peritoneal membrane. The transcellular water transport 
contributed an average of 50 % to the total ultrafiltration (46). The presence 
of ultrasmall pores could also explain the low sieving coefficients that have 
been reported for low molecular weight solutes during peritoneal dialysis 
with glucose-based solutions (47). During the initial phase of a dialysis 
dwell, especially with dialysate containing 3.86 % glucose, a high amount of 
fluid transport occurs through the ultrasmall pores, resulting in a decrease in 
the dialysate concentration of sodium. The absence of this decreased 
dialysate to plasma (D/P) ratio of sodium after one hour of a hypertonic 
dwell, i.e. low sieving of sodium suggests impairment of this transcellular 
water transport (47). Net ultrafiltration failure, having been diagnosed 
clinically in patients on long-term peritoneal dialysis, might in some cases 
be caused by decreased transcellular water transport (48,49). 

The recently increased use of alternative osmotic agents i.e glucose 
polymers extended our understanding of the physiology of fluid and solute 
transport across the peritoneal membrane. Mistry and Gokal (50) were the 
first ones to show that sustained osmotic flow against the osmolality 
gradient across the pentoneum can be achieved using hypo-osmolar dialysis 
fluid The physiological principle of colloid osmosis is responsible for the 
sustained transcapillary ultrafiltration. The process is based upon the 
principle that fluid across a membrane which is permeable to small solutes 
(B) occurs in the direction of relative excess of impermeable large solutes 
(A), i.e. glucose polymer, rather than along the osmolality gradient 
(40,51,52), as is shown in figure 5. 
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π = Η Τ ( Δ Ο Α · σ Α - Δ Ο Β - σ Β ) 

Figure 5. Osmotic flow of water and permeable solute from a low to a high water 
concentration (i.e. high total osmolality to a low total osmolality). 
Reprinted from: The Textbook of Peritoneal Dialysis, edited by Ram Gokal and Karl D. 
Nolph, Is' ed 1994, page 139.With kind permission from Kluwer Academic Publishers. 

Dialysis solutions containing macromolecules to remove fluid from the body 
will induce water transport through the small intercellular pores (figure 4). 
Not being hypertonic, these solutions will not induce water transport through 
the ultrasmall water channels, as is proven by absence of sodium sieving (46) 
in peritoneal dialysis with glucose polymer based dialysate. 
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1.2 SOLUTE TRANSPORT AND FLUID KINETICS IN CHILDREN 

Intraperitoneal volume 

Transport kinetics in adult patients are standardized by using the peritoneal 
equilibration test (PET) as prescribed by Twardowski (53). The traditional 
PET measures low molecular weight solute transfer and net ultrafiltration. 
Standard dwell volumes of 2000 ml generally are used regardless of the 
patients' size. Addition of an intrapentoneal volume marker, makes it 
possible to measure fluid kinetics, transcapillary ultrafiltration (TCUF) and 
lymphatic absorption (54-57). In pediatric PET, different intrapentoneal 
volumes are applied. Some investigators used intrapentoneal volumes 
scaled to body weight (58,59), body surface area (60,61) or both (62). When 
intrapentoneal volumes adjusted to body weight are used in children, 
positive correlations between the studied transport parameters and age are 
found. In this way glucose equilibration occurs more rapidly in younger 
children (59,62,63), and a positive correlation between age and TCUF is 
found (57). Since the surface area of the peritoneal membrane is related to 
the body surface area (64) it would be more logical to prescnbe dialysate 
volumes on the basis of body surface area (BSA). The positive correlation 
between age and transport parameters disappears when dwell volumes are 
prescribed scaled to body surface area, as is seen both in glucose 
equilibration (62) and fluid kinetics (Chapter 2). So, studied adequately, 
both peritoneal solute transport and fluid kinetics are similar across the 
pediatric age group (60) Presently, it is generally well accepted that the best 
way to perform PETs in children of any age, is to prescnbe intraperitoneal 
volumes based upon body surface area, although in neonates caution is 
warranted (65-69). 

One comment has to be made on intraperitoneal volumes. In adults, major 
differences and high interpatient and intra-individual vanables are seen in 
residual volume, the fluid remaining in the abdomen after drainage (70). As 
is recently shown in rats, a high pentoneal residual volume may decrease 
peritoneal fluid removal and also lower the clearances for small solutes, 
particularly for sodium (71) The decreased fluid removal is both due to an 
increased peritoneal fluid absorption (because of an increased 
intraperitoneal pressure) and to a lower transcapillary ultrafiltration rate 
(because of the dilution of dialysate glucose concentration) Although 
earlier reports showed higher residual volumes in children compared to 
adults (72), our group showed similar residual volumes in children as the 
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ones reported in adults (57). So, although high residual volumes might 
effect the adequacy of dialysis, we don't believe this effect is different in 
children compared to adults. 

Methods to evaluate peritoneal transport characteristics 

The most widely used, simple approach to evaluate peritoneal transport 
characteristics in individual patients is to measure the dialysate to plasma 
solute concentration ratio (D/P) for particular solutes and dialysate/initial 
dialysate ratio of glucose (D/D,,) during an exchange with conventional 
peritoneal dialysis fluid (73). Both D/P and D/D0 ratios are standardized in 
the original PET as described by Twardowski (53). D/P ratios show a high 
reproducibility in the same patient, probably caused by the lower sensitivity 
of the D/P ratio after four hours to detect alterations in membrane 
characteristics, because these D/P ratios often approach near equilibrium at 
the end of the dwell (1). The disadvantage of using a D/P ratio is that solute 
D/P ratios vary with changes in the intraperitoneal volume, as is shown in 
children (60). In addition, the use of D/P ratio may differ based on the 
concentration of dialysis solution used in the PET (73). For low molecular 
weight solutes, like urea and creatinine, which peritoneal transport is mainly 
by diffusion, mass transfer area coefficients (MTAC) are used to describe 
the maximal theoretical clearance of a solute by diffusion at t=0, thus before 
diffusion has started (74). At this point dialysate solute concentration is zero 
and the transmembrane gradient is maximal. For the understanding of 
MTAC, the following formula is given (75): 

d (DV) = MTC (P-D) + QP 

in which diffusion of a solute is expressed as the product of MTC (the 
product of peritoneal permeability of that solute and effective surface area) 
and the concentration gradient of the solute between plasma, P, and 
dialysate, D). The convection of the solute can be described by the product 
QSP, in which Q is the ultrafiltration rate and S the sieving coefficient. 
Assuming a sieving coefficient of 1.00 (the peritoneal membrane offers no 
hinder to the convective transport of a solute), the accumulation in time 
(d/d,), of this solute is given the formula above in which V is the 
intraperitoneal volume and t is time. 
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MTAC is a relatively constant property of the peritoneum (76). The 
advantage of MTAC over D/P ratio is that, when correctly modeled, MTAC 
is volume independent and not dependent on the tonicity of the dialysate 
(60,74,76). Although good correlations between D/P ratio and MTAC have 
been described (1), the discriminative power for MTAC in higher or lower 
range values is better and therefore recommended for studying the transport 
of glucose and creatinine (74). Another method to evaluate transport 
characteristics is the APEX time, an index of the optimum ultrafiltration 
dwell time; the point at which over time the dialysate urea saturation and 
glucose desaturation curves cross (77). Together with the purification 
phosphate dwell time, an index of adequate, large solute purification dwell 
time, adequate individualized prescription for the right peritoneal dialysis 
modality in every child can be made. Kinetic modeling software programs, 
like PD Adequest® by Vonesh et al. (78) has been evaluated in children 
(79) and proven to be useful in evaluating dialysis adequacy in the 
individualized patient. Recently, advanced computer programs have been 
used to calculate peritoneal mass transport by three-pore model in children 
(80), which take into account different aspects of peritoneal transport. In 
this study the functional peritoneal exchange surface showed to be a linear 
function of body surface area, and independent of age when normalized to 
this parameter. 

The effect of intraperitoneal pressure on fluid kinetics 

The intraperitoneal hydrostatic pressure (IPP) increases when a certain 
amount of fluid is instilled into the peritoneal cavity which can have an 
effect on pulmonary function and may lead to complications such as hernias, 
fluid leaks and hemorrhoids (81,82). Animal studies in the rat with 
radioactive tracers have shown that large increases in IPP markedly enhance 
the peritoneal fluid loss rate without much affecting the peritoneal-to-
plasma transport of macromolecules (83). The discrepancy between the 
clearance of the tracer from the peritoneal cavity, and the peritoneal-to-
plasma clearance (also called true lymphatic absorption) was largely 
accounted for by trace entrance into tissues lining the peritoneal cavity, like 
the anterior abdominal muscles. Increasing the intraperitoneal volume in the 
rats did show enhancement of direct lymphatic absorption, probably by 
improved tracer contact with the peritoneal lining (84). 
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In humans, a strong positive correlation between IPP and lymphatic absorp
tion has been found (85,86) leading to lower net ultrafiltration (85,87). IPP 
is influenced by posture, as is shown both in adults and children (88,90): in 
the upright position IPP is significantly higher than in the supine position. 
The effect of posture on peritoneal transport characteristics during CAPD is 
unpredictable, since different mechanisms are counteracting with each other 
Although the IPP in the upright position is higher, the contact of the 
dialysate with the subdiaphragmatic lymphatics responsible for the 
lymphatic absorption, is probably less extensive compared to the supine 
position (88). Only in the supine position a good, negative correlation was 
found between IPP and net ultrafiltration. Transcapillary ultrafiltration and 
lymphatic absorption was not correlated to IPP in both positions tested. 
During peritonitis, no significant changes in IPP are seen (90). 

In children, Fischbach's group has extensively studied intraperitoneal 
pressure. The relationship between IPP and intraperitoneal volume (IPV) is 
age-dependent (92) In the range of 600 to 1200 ml/m2 no significant 
increment of mean IPP was noted in infants and in children, whereas in 
neonates increasing IPV to more than 800 ml/m2 led to an increase in IPP. 
Corrected for IPV, IPP was not different in children compared to adults (91). 
A higher IPV has a direct impact on both tolerance and efficiency of the 
peritoneal dialysis prescription In children over 2 years, IPV up to 1400 
ml/m2 were tolerated without clinical signs of discomfort (92) and showed 
improved dialysis efficiency in terms of Kt/V (93). In neonates, only a small 
number of patients are studied (91,94). Due to the increment of IPP at lower 
intraperitoneal volumes compared to older children, the use of dwell 
volumes over 1000 ml/m2 in neonates warrants caution. 

Follow-up 

Long-term peritoneal dialysis, both in adults and children, requires the 
maintenance of the primary function of the peritoneal membrane, solute 
removal and ultrafiltration. Loss of net ultrafiltration is the most found 
alteration of long-duration CAPD m adult patients (95), which may occur 
around the fourth year of treatment and continues over the following years 
(96-100). Parameters of solute transport are either unchanged (97) or 
increased (99,101) after 5 years This implies that the capability of the 
pentoneum in the removal of uremic toxins remains intact. 



26 PD IN CHILDREN 

A recent report on a 2-year follow-up of both CAPD and CCPD adult 
patients using conventional glucose-based PD solutions showed no changes 
in peritoneal solute transport in CAPD patients, but significant changes in 
D/P of creatinine and D/D0 glucose in CCPD patients ( 102). The use of a 
larger dose of glucose containing dialysate volume in CCPD might bring 
more functional deterioration in peritoneal solute transport with time. 
Peritoneal solute transport of creatinine and glucose does not show any 
longitudinal changes in children up to 55 months of treatment (103-105). 
Preliminary data on follow-up of peritoneal fluid kinetics in a limited group 
of children by our group (Chapter 3) show no significant changes in fluid 
kinetics during the first 33 months of treatment. Stable peritoneal transport 
kinetics of glucose, urea and creatinine after a follow-up period of nearly 2 
years are recently described by Warady et al. (106). 
During an episode of peritonitis, the peritoneal membrane develops acute, 
but reversible changes characterized by increased permeability with rapid 
absorption of glucose resulting in temporary ultrafiltration failure (107). 
Accelerated loss of ultrafiltration after recurrent peritonitis has been 
described (98,100). Both in adults and children, conflicting results on the 
late effects of peritonitis on peritoneal solute transport exist. Decreased 
membrane permeability for creatinine following episodes of peritonitis 
(104), no changes (103,105,108) or increased permeability for creatinine 
after (recurrent) peritonitis (98,106,109) are found. A fortunately still rare 
risk of long-term peritoneal dialysis is peritoneal sclerosis, the development 
of a nonspecific, chronically inflamed peritoneal membrane with fibrosis 
and sclerosis leading to ultrafiltration failure (110). Complicated peritonitis 
episodes on top of the continuous exposure of the peritoneal membrane to 
unphysiologically high glucose concentration is likely to be a causative 
factor. Sometimes peritoneal sclerosis leads in a later stage to sclerosing 
encapsulating peritonitis, in which the formation of adhesions finally 
encapsulate the intestinal loops causing bowel obstruction (110,111). 
For the long-term use of peritoneum as a dialytic membrane peritonitis free, 
biocompatible dialysis remains an important goal. 
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1.3 FUNCTIONAL STUDIES OF THE PERITONEAL MEMBRANE 

Effect of molecular size and charge of proteins and macromolecules on 
peritoneal transport 

The main transport mechanism for serum proteins across the peritoneal 
membrane into the peritoneal fluid is best mimicked by restricted diffusion, 
although mechanistically spoken this is convection. This transperitoneal 
transport is size selective; the higher the molecular weight of a protein, the 
lower the peritoneal clearance (112). A way to study this in patients on 
peritoneal dialysis is to determine the peritoneal clearances (D/P ratios) for 
solutes that are only slowly accumulating in the peritoneal cavity over time, 
like protein (1). Peritoneal protein loss was determined by the size of the 
protein, as has been shown in adults (112,113). In children size selectivity of 
peritoneal protein loss has been confirmed by our group (Chapter 5). 
Molecular size is not the only determinant of transport velocity. Both the 
endothelial and mesothelial cell have a high density of negative charges on 
their surface. The negatively charged interstitial colloid-rich phase might 
behave as a cation exchange column, facilitating the transport of negatively 
charged solutes through the tissue and retarding that of cationic 
macromolecules which may even bind to the interstitial matrix (1). So, the 
overall effect of the peritoneum on solute transport with respect to charge 
can be highly variable. In adult patients during stable CAPD Buis et al (114) 
studied the transperitoneal clearances of proteins with different charge but 
identical size and found no effect of charge. The peritoneal clearance of 
IgG,, IgG2 and IgG4 was identical despite their different charge. Lactate 
dehydrogenase (LDH) and amylase isoenzymes are not suitable for the 
assessment of transcapillary transport to the peritoneal cavity, since LDH 
isoenzymes are influenced by cell lysis and amylase isoenzymes by direct 
leakage from the pancreas (114). Transperitoneal movement of amino acids 
however, has been shown to be influenced by charge in adult PD patients. 
The movement of negatively charged amino acids was most remarkably 
retarded (115). This difference might originate from the differences in 
molecular size of the solutes, i.e. the molecular sizes of immunoglobulins 
are large compared to those of amino acids. Larger molecules, like dextran 
might be captured in the interstitial tissue depending on their molecular 
charge. In rats transport rates for cationic dextrans were less than those for 
either neutral or anionic dextrans (116), suggesting that the peritoneal 
interstitium could act as a cation exchanger. Charged dextrans can not be 
applied in humans. A tentative explanation might be that after an 
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equilibration period the peritoneal interstitium is saturated with 
macromolecules and the clearances of positively and negatively charged and 
neutral dextrans can be expected to reach identical values (114). Therefore, 
in humans the cation exchange properties of the interstitium are unlikely to 
play a role in the clearance of endogenous proteins. 

Dialysate markers of peritoneal tissue 

Difficulties in obtaining peritoneal tissue from patients undergoing 
treatment on occasions other than catheter insertion or removal have led to a 
search for substances that are locally produced within the peritoneal cavity 
(117). The identification of markers in peritoneal dialysate that reflect the 
status of the various tissues has been used as an alternative approach to 
study peritoneal membrane function during peritoneal dialysis. 

Mesothelial cell markers 
Mesothelial cells are in direct contact with the dialysis fluid. The determina
tion of their products is therefore likely to give information on their 
functional state (118). For example, cultured peritoneal mesothelial cells 
produce phospholipids (119,120), that are also present in the peritoneal 
effluent of CAPD patients (2). The role of phospholipids is probably to 
decrease friction between the various organs in the peritoneal cavity. The 
concentration of phosphatidylcholine, the main phospholipid, in drained 
dialysate can be regarded as an indicator of the metabolic activity of the 
mesothelium during peritoneal dialysis (117). Mesothelial cells, like other 
cells that originate from the coelomic epithelium, are known to express 
cancer antigen 125 (CA 125) (121). In stable peritoneal dialysis patients CA 
125 is likely to be the most useful marker of mesothelial cell mass (2,21). 
Hyaluronan, one of the major connective tissue ground substances, is also 
present in the peritoneal effluent. Their main sources are mesothelial cells, 
but production by other cells, like fibroblasts cannot be excluded (2). 
Mesothelial cells produce various cytokines and chemokines as well as 
coagulation and fibrinolytic factors (122,123). They can be used as 
functional markers of mesothelial cells, although we must keep in mind that 
the sources of these substances are not solely mesothelial cells. 
A novel interesting strategy recently being developed is mesothelial cell 
mediated gene therapy in which genetically modified mesothelial cells can 
be used to enhance the functional repertoire of the mesothelium (124,125). 
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Endothelial cell markers 
Von Willebrand factor is a protein with a very high molecular weight that is 
synthesized by endothelial cells (126). A higher dialysate concentration of 
von Willebrand factor is found in stable CAPD patients than could be 
explained by transport from the circulation pointing towards local release of 
the protein in the peritoneal effluent. 

Interstitial cell markers 
Fibroblasts and collagen are constituents of the peritoneal interstitium. Cul
tured human peritoneal fibroblasts produce IL-6, IL-8 and hyaluronic acid 
(117,127). Since other cells produce these products as well, their concentra
tion in drained dialysate can not be used as sole interstitial cell markers. 
Procollagen peptide, procollagen IC terminal peptide (PICP) and 
procollagen IHN terminal peptide (PIIINP), are split products of procollagen 
I and III. The concentration in dialysate nearly always exceeds their serum 
concentration (128). This suggests that the dialysate concentration of PICP 
and PIIINP may be used as markers of collagen synthesis in the peritoneum 
(2)· 

Fibrinolysis 

The appearance of coagulation and fibrinolytic factors in spent dialysate can 
tell us something about the role of the peritoneal membrane in maintaining 
the hemostatic balance in the peritoneal cavity. A simplified model of 
fibrinolysis is given in Figure 6. 

Plasminogen 
t-PA k. I 

^ ^ Fibrin 

PAH Plasmin • 

D-dimer 
a:-antiplasmin 

Figure 6. The fibrinolytic system. 
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Plasmin plays a pivotal role in the fibrinolytic system. It is converted from 
plasminogen and then cleaves fibrin further down. Plasminogen activators 
like the tissue-type activator (t-PA) activate the conversion of inactive 
plasminogen to active plasmin. Plasminogen activator inhibitors (PAI) like 
PAI-1 rapidly inhibit plasminogen activators. The effect of plasmin on fibrin 
is counterbalanced by a2-antiplasmin and then forms irreversible plasmin-
a2-antiplasmin complexes (PAP). D-dimer (DD) are the degradation 
products of fibrin and the end products of fibrinolysis. 

During stable peritoneal dialysis hypercoagulation and hyperfibrinolysis 
occurs in the peritoneal cavity as well as in plasma. Increased levels of 
complexes between thrombin and its inhibitor antithrombin III (TAT 
complexes), as a marker for hypercoagulation are found, next to increased 
levels of PAP and DD, pointing towards hyperfibrinolysis (129,130). During 
peritonitis there is evidence for an imbalance between intraperitoneal 
coagulation and fibrinolysis in CAPD patients. Both clinical and in vitro 
studies in adult peritoneal dialysis patients show evidence of a higher 
concentration of TAT complexes in dialysate (129,131). During peritonitis 
decreased synthesis of t-PA and increased synthesis of PAI-1 occurs, pointing 
towards impaired fibrinolysis (131). Intraperitoneal production of coagulation 
and fibrinolytic factors occurs, as is shown by increased clearances (D/P 
ratios) of these factors compared to solutes with the same molecular weight 
(132). The mechanism of impaired fibrinolysis during peritonitis may be 
explained by the elegant studies of Holmdahl (133). He showed that t-PA is 
under normal conditions present in the mesothelium and substantially reduced 
in inflammation. PAI-1 is present in both mesothelium and submesothelial 
capillary vascular walls and its expression is intensified and widely 
distributed in the submesothelial tissue during peritonitis. 

1.4 ICODEXTRIN USE IN ADULTS ON PERITONEAL DIALYSIS 

Development and clinical use of icodextrin 

Physiology 
The removal of excess body water by ultrafiltration in peritoneal dialysis is 
primarily an osmotically driven phenomenon traditionally achieved by 
means of dialysis solutions made hypertonic to plasma with the addition of 
dextrose as an osmotic agent. The peritoneum allows rapid absorption of 
glucose with progressive dissipation of the osmotic agent leading to 
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ultrafiltration of short duration. Since the peritoneum is partially permeable 
to solutes, as most biological membranes, the direction of osmotic force is 
determined by the differences in the size of the sum of the products of the 
reflection coefficients and molar concentrations rather than the total 
osmolality gradient (134). This phenomenon, "colloid" osmosis has been 
described in chapter 1.1. and is the physiological basis for ultrafiltration in 
peritoneal dialysis solutions containing glucose polymers as the osmotic 
agent. 

Chemistry 
There are a number of naturally occurring glucose polymers with very 
different properties, for example starch and dextrin, dextran, cellulose and 
glycogen. The different properties are largely attributed to the way in which 
the glucose molecules are chemically linked together. In dextrin the linkages 
between the different glucose molecules are predominantly α 1-4 linkages, 
whereas in dextran the linkages are substantially α 1-6 (figure 7). 

a-1,4 linkage 

between Iwo 

glucose unils 

Figure 7. Polymer linkages in dextrin and dextran. 
Reprinted with permission from Multimed Inc. from reference 135. 
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The difference in linkages is crucial in relation to the manner in which these 
polymers are metabolized in the body (135). A number of body enzymes, 
like amylase and maltase, can readily break the α 1-4 linkages in dextrin, 
whereas the α 1-6 bond in dextran is much more resistant to the body 
carbohydrases and therefore much slower hydrolyzed. 

Net ultrafiltration profiles and peritoneal fluid kinetics 

Low molecular weight starch-derived polymer (Mw 900 D) has been studied 
in dogs by Rubin et al (136). In long-term dwell (16 h), ultrafiltration 
volumes with 1.5 % glucose solutions were significantly lower than the 
tested 3 and 6 % polymer solutions. More than 50 % of the polymeric 
glucose was absorbed, contributing to the relatively low UF volumes and 
probably one of the reasons future research at that time concentrated on high 
molecular polymer with less absorption in the blood. The high molecular 
weight solutions used are a mixture of glucose polymers with different 
molecular weight. Weight average molecular weight (MW), number average 
molecular weight (Mn) and molecular weight distribution are given to 
describe characterization of the polymers (135). After different pilot studies 
(137), Mistry et al were the first ones to describe improved ultrafiltration 
profiles, using isosmolar 5 % solutions with high molecular weight glucose 
polymer (mean Mw 16800 ; mean Mn 5000) during 6 and 12 hour dwells, 
compared to conventional hypertonic glucose solutions (138). Dialysate 
osmolality did not decrease during the dwell in the tested polymer solutions, 
proving the existence of "colloid" osmosis (50). Long term studies with 7.5 
% dextrin solutions have been described since then (139-141), confirming 
these results: Net ultrafiltration with icodextrin 7.5 % was comparable to net 
ultrafiltration with 3.86 % glucose solutions during both 8 and 12 hour 
dwells and significantly higher than net UF with 1.36 % glucose solutions. 

Peritoneal transport characteristics, including fluid kinetics, has been 
studied in humans by Krediet's group (39,46). The transcapillary 
ultrafiltration (TCUF) with icodextrin 7.5 % after 4 hours in the tests was in 
between that obtained with 1.36 % and 3.86 % glucose solutions, closer to 
TCUF with 3.86 % glucose than TCUF with 1.36 % glucose solutions. 
Effective lymphatic absorption rate (marker clearance) was similar for the 
three solutions (figure 8). 
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Figure 8. The time course of intraperitoneal volume changes caused by transcapillary 
ultrafiltration (Ζ), lymphatic absorption (·), and resulting in net ultrafiltration (_) during 
a four hour dwell using 1.36 % glucose (A), 3.86 % glucose (B) and 7.5 % icodextrin (C). 
Reprinted by permission of Blackwell Science Inc. from reference 46. 

Extrapolating data to 6 and 9 hour showed sustained TCUF with icodextrin 
7.5 % over time. TCUF increased (nearly) linear with icodextrin during the 
tests, implying a constant ultrafiltration rate in contrast to TCUF with 
conventional glucose solutions. This is not surprising, since the mechanism 
behind fluid (water) transport using polyglucose solutions, water transport 
through the small pore system, is different to fluid kinetics with glucose 
based solutions, mainly transcellular water transport (38). 

Solute transport 
Low molecular weight solute transport, measured by the mass transfer area 
coefficients of urea and creatinine, revealed no differences between the 
polymer solution and the glucose solutions. This implies that icodextrin has 
no effect on peritoneal surface area, an indirect parameter of small pores 
available for transport. Since icodextrin provides sustained ultrafiltration, 
increased losses of serum proteins during icodextrin treatment are possible 
(142). The clearance of ß2-microglobulin increased on icodextrin treatment 
compared to conventional glucose solutions, due to increased convective 
transport concomitant with the increased ultrafiltration seen with icodextrin. 
The clearances of larger proteins, like albumin, immunoglobulin G and a2-
macroglobulin, remained unaltered during icodextrin treatment. These larger 
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proteins are transported through the large pores that are not involved in fluid 
transport by osmosis. 

Adequacy 
As a result of the enhanced ultrafiltration, Posthuma et al (143) could show 
increased dialysate creatinine clearance during icodextrin use compared to 
glucose based solutions, resulting in higher dialysis adequacy. 

Up till 1998, over 600 patient years' experience with icodextrin has been 
published (144), both in CAPD and CCPD. Although it is generally well 
tolerated, in some cases hypersensitivity cutaneous reactions are described 
in patients using icodextrin 7.5 % (145-148). 

Metabolism 

Absorption of icodextrin was around 20 % in Krediet's study (46), as was 
shown earlier by Mistry et al (138). After absorption into the blood by the 
lymphatic system, carbohydrates with starchlike structures, like icodextrin, 
are substrates for α-amylase found in pancreatic juice, saliva and plasma 
(149). Alpha-amylase readily hydrolyzes icodextrin to oligosaccharides, 
such as maltose, maltotriose, and maltotetraose. These may be further 
metabolized to glucose, eliminated by peritoneal dialysis, or if the patient 
has residual renal function, excreted in urine. Although a lack of renal 
maltase leads to extracellular accumulation of maltose in uremia, once 
transported intracellularly, maltose will be completely metabolized due to 
normal lysosomal levels of maltase in renal failure (150). What the effect of 
increased extracellular levels of maltose during long term use of icodextrin 
eventually will be, is yet unknown. Conventional glucose-containing PD 
fluids are capable of glycation, the non-enzymatic process in which 
reducing sugars covalently attach to free amino groups on proteins, finally 
forming advanced glycation end-products (AGEs). AGEs have been 
detected in the mesothelial layer, submesothelial connective tissue and 
peritoneal vascular wall of patients on CAPD and may be detrimental to 
peritoneal function. In vitro studies have shown that both maltose and 
icodextrin produce less AGE formation than conventional PD fluids (151). 
Clinical studies have shown that steady-state levels of polymer and 
metabolites are established in 7-10 days (149), remain stable during use of 
icodextrin for long term dwells (140,152) and fall rapidly back to normal 
after stopping treatment in 7-10 days. Systemic accumulation of icodextrin 
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or metabolites is therefore not likely. During icodextrin treatment, maltose, 
maltotriose, and maltotetraose are shown to be the metabolites with the 
highest serum concentration (152). A recent study of our group shows the 
same results in children receiving icodextrin for long term dwells for 6 
weeks (Chapter 7). 

Although icodextrin is composed predominantly of glucose linked by a-1-4 
glucosidic bonds (approximately 93 %), a small proportion are branched 
chains, linked a-1-6 (approximately 7 %) (153). Hydrolysation of icodextrin 
results thereby in formation of both maltose (disaccharide linked by a-1 -4 
bonds) and isomaltose (disaccharide linked by a-1-6 bonds). High-
performance anion exchange chromatography with pulsed amperometric 
detection (HPAE-PAD) is more sensitive and specific for carbohydrate 
analysis, enabling the separation of oligosaccharides differing in linkage 
position. HPAE-PAD is therefore able to differentiate between maltose and 
isomaltose (154). Interestingly Burke et al (153) found, next to a clear 
increase in maltose levels during icodextrin use, a significant decrease in 
iso-maltose levels in peritoneal dialysis patients. The mechanism for this 
decline is yet unknown. 

Biocompatibility 

The "biocompatibility" of a therapeutic procedure is defined as the amount 
of disturbance caused by the process itself to the normal physiology of the 
individual (155). The process of peritoneal dialysis is associated with 
morphological changes in peritoneal mesothelial cells (156). Dialysate 
solutions are directly toxic to both peritoneal macrophages and polymorpho
nuclear neutrophils (157), thereby affecting peritoneal host defense 
(158,159). The low pH, high concentration of lactate and high osmolarity of 
the conventional peritoneal dialysis fluids are thought to be of importance in 
displaying these negative effects. The biocompatibility of iso-osmolar 
fluids, like icodextrin, has been investigated in different in vitro studies. 
Comparing both hyperosmolar glucose solutions and dialysis fluid 
containing glucose polymer to a control fluid containing Krebs-Ringer 
phosphate buffer (pH 7.3), Liberek et al (160) found reduced mesothelial 
cell viability in both hyperosmolar glucose and glucose polymer fluids. This 
is not surprising, since both hyperosmolar glucose solutions and 
polyglucose solutions have the same, low initial pH of about 5.2. As well as 
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in glucose containing PD fluids, during a dwell with icodextrin, there is a 
rapid pH equilibration, which adverses the negative cytotoxic effects earlier 
seen on neutrophils at lower pH (155). Other in vitro studies showed that 
phagocytic activity of macrophages, monocytes and granulocytes in glucose 
polymer solutions is less suppressed compared to presently used glucose 
based dialysis solutions (161,162). Concern regards the in-vitro improved 
survival of Staphylococcus epidermidis in icodextrin solutions compared to 
conventional glucose solutions (155), although in the clinical setting, the use 
of icodextrin does not increase the rate of peritonitis (163). Although 
glucose polymer solutions share toxicity with simple glucose, 
biocompatibility of glucose polymer solutions may be improved provided 
the initial low pH is neutralized by replacement of lactate by bicarbonate as 
the buffer system (164). 

Future directions with icodextrin 

Since icodextrin was introduced as a new treatment for peritoneal dialysis, it 
has found particular use in the treatment of ultrafiltration (UF) failure, 
whether UF failure is permanent or temporary (165). Wilkie et al (145) 
reported the extension of CAPD survival in patients using icodextrin, who 
otherwise, due to salt and water overload, would normally have required 
transfer to hemodialysis. In temporary ultrafiltration failure, as is seen in 
peritonitis, icodextrin offers the advantages of maintaining good 
ultrafiltration (163). Ultrafiltration failure has been described in infants and 
children as well (166-168). We could recently show that icodextrin 7.5 % is 
capable of sustained ultrafiltration in children during long term dwell 
(Chapter 7). We expect that the use of icodextrin 7.5 % will be beneficial in 
children, especially in small infants and neonates with ultrafiltration failure. 
Future directions on the use of icodextrin in adults has focused on the 
combination of glucose polymer and other osmotic agents, to create a "bi-
modal" osmotic profile containing "crystalloids" and "colloids" in an 
isosmolar solution (169). In this way the combination of the different 
ultrafiltration profiles, large MW agents for long dwell exchanges and small 
MW agents for short dwell exchanges, can be optimized to match the 
required dwell time. The earliest studies combined icodextrin (2 and 2.5 % 
solutions) with 0.68 % glucose solution, and showed ultrafiltration similar 
to 1.36 % glucose solution in 6 hour dwells with less than half the caloric 
load (169) and reduction of glucose exposure to the peritoneal membrane 
(170). Instead of glucose, a 1 % aminoacid solution has been used as a 
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single crystalloid agent in CAPD patients (171). Due to the absorption of up 
to 80 % of aminoacids from the peritoneal dialysis fluid, with significant 
increases in aminoacid plasma concentration, this solution might prove to be 
beneficial in malnourished patients. It therefore seemed logical to combine 
aminoacids instead of glucose with glucose polymer. Faller et al (172) 
described results with a combination of 4 % polyglucose and 1 % aminoacid 
solution, compared to 7.5 % polyglucose solution and conventional 3.86 % 
glucose solution in 10 h dwells. Both the polyglucose solutions showed 
ultrafiltration profiles comparable to 3.86 % glucose solution. Due to the 
effect of 1 % aminoacids, the reduction in polyglucose in the solution, did 
not effect the net ultrafiltration. The decreased concentration of polyglucose 
in the mix with aminoacids led to significantly lower serum levels of 
polyglucose and maltose. 
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1.5 AIM OF THE STUDY 

The aim of this thesis is to study different transport characteristics of the 
peritoneal membrane in children treated with peritoneal dialysis. 

In Part I fluid kinetics (transcapillary ultrafiltration and lymphatic 
absorption) and solute transport are investigated. The influence of dialysate 
volume and the effect of age on fluid kinetics in children on PD are studied 
in chapter 2. The changes in fluid kinetics and solute transport over time are 
the subject of chapter 3. The transport of macromolecules from the 
peritoneal cavity to the blood by lymphatic absorption makes it possible to 
use intraperitoneal administration of drugs. Chapter 4 describes the effect of 
intraperitoneal erythropoietin in small dialysis bags. 

In Part II the function of the peritoneal membrane is studied using dif
ferent intraperitoneal markers. The transport of proteins with different 
molecular size in children with nephrotic syndrome is compared to a control 
group in chapter 5. The purpose of this study is to study the effect of the 
underlying disease on the properties of the peritoneal membrane regarding 
peritoneal protein transport. The peritoneal effluent of PD patients contains 
various coagulation- and fibrinolyis-related factors. The role of the 
fibrinolytic system in childhood peritonitis is studied in chapter 6. 

Part IV describes the experiences with icodextrin (glucose polymer) 
in children. Icodextrin is a peritoneal dialysis solution containing glucose 
polymers as an alternative osmotic agent compared to glucose based 
conventional dialysis fluids. Ultrafiltration, adequacy and metabolism of 
icodextrin in children are studied in Chapter 7. 
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58 CHAPTER 2 

Introduction 

Peritoneal dialysis is an established therapy for end stage renal failure both in 
adults and pediatric patients. Transport kinetics in adult patients is 
standardized by using the peritoneal equilibration test (PET) as prescribed by 
Twardowski (1). Standard dwell volumes of 2 L are generally used regardless 
of the patient's size. In pediatric clinical practice 30-50 ml/kg body weight 
(BW) is used in most centers. Since the surface area of the peritoneal 
membrane is related to the body surface area (BSA) it would be more logical 
to prescribe dialysate volumes on the basis of BSA. In the present study, 
PETs were performed using an intraperitoneal volume of 1200 ml/m2. The 
fluid kinetics were compared to the results of the previous PETs in which the 
volume was 40 ml/kg body weight (2). 

Patients and methods 

Study group A consisted of 13 children (7 boys, 6 girls) with a median age of 
8.3 years (range 3-15.9 years). The median duration of CAPD was 9.4 months 
(range 1-91 months). The intraperitoneal volume in Group A was 1211 +47 
ml/m2. The control group (Group B) consisted of 13 children (10 boys, 3 
girls) with a median age of 7 years (range 3.1-15.4 years) and a median 
duration of CAPD of 27.5 months (range 1-101 months). The intraperitoneal 
volume in this group was 40.3 ± 0.3 ml/kg BW. Four patients were studied in 
both groups. The two groups were similar with respect to height (118 ± 25 cm 
vs 123 ± 24 cm), weight (24 ± 12 kg vs 25 ± 11 kg), and BSA (0.88 ± 0.29 m2 

vs 0.92 ± 0.28 m2). In both groups, the PETs were performed as described 
earlier (2). A 4-hour dwell of Dianeal 3.86 % (Baxter Inc., Deerfield, IL, 
USA) was studied using Dextran 70 (Macrodex® NBPI, Emmercompascuum, 
the Netherlands) as a volume marker. Transcapillary ultrafiltration (TCUF) 
and marker clearance (MC) were calculated (2). The protocol was approved 
by the committee of medical ethics of the University Hospital of Nijmegen 
and informed consent was obtained. All data are expressed as mean ± S.D. 
Statistical comparisons between the groups were performed using the 
unpaired t-test. Correlations were calculated by the method of least squares 
(Pearson). Any p-values less then 0.05 were considered significant. 
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Results 

The mean (± SD) intraperitoneal volume in ml/kg body weight in Group A was 
46.4 ± 6.0 versus 40.3 ± 0.3 in Group Β (p=0.005). The intraperitoneal volume 
in ml/m2 in Group A was 1211 ± 47 versus 1055 ± 141 in Group Β (p=0.008). 
Figure 1 shows the changes in TCUF and MC during the 4-hour dwell in both 
groups. The differences noted at each dwell time are not significant. 
Cumulative TCUF during the 4-hour dwell was 935 ± 202 ml/1.73 m2 in 
Group A and 823 ± 226 ml/1.73 m2 in Group Β (p=0.27). Cumulative MC 
during the 4-hour dwell was 438 ± 275 ml/1.73 m2 in Group A versus 307 ± 
176 ml/1.73 m2 in Group Β (p=0.67). 
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Figure 1. The time course of transcapillary ultrafiltration ( A ) and marker clearance (+) in 
Group A (left) and Group Β (right) in ml/1.73 m2. 

Figure 2 shows the relationship between the age of the patient and the 
cumulative TCUF during the 4-hour dwell. In Group Β there was a positive 
correlation between age and cumulative TCUF (i=0.68 ; p=0.01). In Group A 
there was no correlation between age and cumulative TCUF (r=0.32 ; p=0.28). 
No correlation between age and MC existed in either group. 
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Figure 2. The relationship between the age of the patient and the transcapillary 
ultrafiltration in Group A and Group B. 

Discussion 

In pediatric PETs different intraperitoneal volumes are applied. Some 
investigators have used intraperitoneal volumes scaled to body weight (3,4), 
body surface area (5) or both (6,7). By using a dwell volume of 33 ± 6 ml/kg 
Mendley and Majkowski (4) concluded that glucose equilibration occurs more 
rapidly in younger children. When Kohaut et al (7) performed PETs in their 
patients both with a dwell volume related to BW and with a dwell volume 
related to body surface area, age dependency for glucose equilibration existed 
in patients where dwell volumes were prescribed scaled to BW, but 
disappeared in patients where the dwell volume was scaled to BSA. So we 
suggested that, for the purpose of kinetic studies, the best way to perform 
PET's is to prescribe intraperitoneal volumes based upon BSA, as also 
proposed by other authors (8-10). As expected, in our study fluid kinetics are 
independent of age in children older than 3 years when prescribing 
intraperitoneal volumes related to BSA. Fluid kinetics in both groups are not 
significantly different. The tendency towards a higher cumulative TCUF and 
MC in Group A is due to a significantly higher intraperitoneal volume in 
Group A compared to Group B. The difference in TCUF can not be explained 
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by the use of hypertonic dialysis solution since the PETs in both groups were 
performed with glucose 3.86 %. Although not significantly different it is 
tempting to speculate about the higher MC in Group A. The slight increase in 
MC could be due to a higher intraperitoneal pressure in Group A (11). A 
positive correlation between intraperitoneal volume and intraperitoneal 
pressure is postulated (12,13). In a small group of patients where PETs were 
performed using an intraperitoneal volume of 1200 ml/m2, hydrostatic 
intraperitoneal pressure was measured and ranged between 15.5 and 22 cm 
H2O (n=7). The intraperitoneal pressure in the control group with an 
intraperitoneal volume of 40 ml/kg body weight was 9.5-17 cm H20 (n=9). 
It is concluded that pediatric peritoneal equilibration tests should be 
performed with an intraperitoneal volume scaled to body surface area so that 
fluid kinetics in different age groups (> 3 years) are comparable. Studies in 
younger children, 
especially infants, should also be performed. In these younger children the 
age relation will be especially interesting as limited observations suggest a 
decreased ultrafiltration capacity at that age (14). 
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Abstract 

Objective: To study longitudinal changes in transcapillary ultrafiltration 
(TCUF) and marker clearance (MC), as reflection of lymphatic absorption, in 
children on peritoneal dialysis. To present data on fluid kinetics in infants < 2.5 
years using an intraperitoneal volume of 1200 ml/m2 body surface area (BSA). 
Design: A 4-hour dwell of 1200 ml/m2 was studied of dialysis fluid containing 
3.86 % glucose with Dextran 70 as a volume marker. Cumulative TCUF and 
cumulative MC were measured. 
Setting: Tertiary university hospital 
Patients: In 20 children with a median age of 6.4 years (range 2.1-15.4) a 
follow-up period of 33 months of serial (1-4) PET's was studied. Fluid kinetics 
in 5 additional infants with a median age of 1.4 years (range 0.5-2.5) were 
measured. 
Results: Cumulative TCUF was 1041 ml/1.73 m2 at 1-3 months after start of 
peritoneal dialysis, 1026 ml/1.73 m2 at 7-9 months, 1021 ml/1.73 m2 at 11-13 
months and 756 ml/1.73 m2 at 26-33 months (n.s.). Cumulative MC was 235 
ml/1.73 m2 at 1-3 months after start of peritoneal dialysis, 311 ml/1.73 m2 at 
7-9 months, 395 ml/1.73 m2 at 11-13 months and 509 ml/1.73 m2 at 26-33 
months (n.s.). In infants cumulative TCUF was 755 ± 237 ml/1.73 m2 and 
cumulative MC was 400 ± 214 ml/1.73 m2. 
Conclusions: Transcapillary ultrafiltration and marker clearance do not change 
in children > 2.5 years during the period studied. Fluid kinetics do not differ 
between infants < 2.5 years and older children when intraperitoneal volumes 
of 1200 ml/m2 BSA are used. 
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Introduction 

Continuous peritoneal dialysis is now the most frequently prescribed chronic 
dialysis modality for children in many parts of the world (1). Since the 
technique has been improved and even younger patients can be treated, the 
preservation of the function of the peritoneal membrane in infants and children 
becomes more important. Studies on peritoneal clearances show neither 
changes in creatinine clearance up to 55 months of treatment (2), nor any 
changes in glucose transport across the peritoneum (3) in children receiving 
dialysis up to 28 months. No information is available about the follow-up of 
transcapillary ultrafiltration (TCUF) and marker clearance (MC) in children 
during long-term peritoneal dialysis. We therefore evaluated retrospectively the 
effect of time on dialysis on changes in fluid kinetics during peritoneal 
equilibration test (PET) in children. Since December 1994, peritoneal 
equilibration tests in our department are performed using dialysate volumes 
adjusted to body surface area (BSA), since the surface area of the peritoneal 
membrane is related to BSA (4). In this way the results of peritoneal fluid 
kinetics, transcapillary ultrafiltration (TCUF) and marker clearance (MC) in 
children of different age groups can be compared (5). In infants < 2.5 years no 
information is yet available on fluid kinetics during PET with an 
intraperitoneal volume of 1200 ml/m2 BSA. In the last three years we could 
study a group of five infants < 2.5 years. 

Patients and methods 

In 20 children (7 girls and 13 boys) with a median age of 6.4 years (range 2.1-
15.4 years) at the first PET, serial (1-4) PET's were performed with an intra
peritoneal volume of 1200 ml/m2 BSA. BSA was calculated using the 
Haycock-formula (6). At 1-3 months after start of dialysis, 13 PET's could be 
studied; at 7-9 months after start of dialysis, PET results were available on 13 
cases. The follow-up group at 11-13 months after start of dialysis consisted of 
5 PET's. At 26-33 months after start of dialysis 5 PET-results could be studied. 
Underlying renal disease in these patients consisted of posterior urethral valves 
(8), congenital nephrotic syndrome (3), focal glomerulosclerosis (2), anti GBM 
glomerulonephritis (2), renal hypoplasia, Henoch-Schönlein nephritis, 
cystinosis, reflux nephropathy and renal disease of unknown origin. 
In 5 additional infants (4 girls and 1 boy) with a median age of 1.4 years (range 
0.5-2.5 years), a PET with an intraperitoneal volume of 1200 ml/2 BSA was 
performed. The median duration of peritoneal dialysis in these patients was 5.8 
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months (range 2-27 months). Underlying renal disease consisted of posterior 
urethral valves, oxalosis, congenital nephrotic syndrome, tubulointerstitial 
nephritis and angiotensin converting enzyme inhibitor fetopathy. 
In all patients PET's were performed as described earlier (7). A 4-hour dwell 
of Dianeal 3.86% (Baxter Inc., Deerfield, IL, U.S.A.) was studied using 
Dextran 70 (Macrodex NPBI, Emmercompascuum, The Netherlands) as a 
volume marker. A serum sample for creatinine was taken at the start of the 
study. Dialysis fluid was sampled at the start of the study (D0), after 5, 30, 60, 
120, 180 minutes and at the end of the study at 240 minutes for measurement 
of dextran, glucose and creatinine. All PET's were performed at least 2 months 
after a peritonitis episode. Transcapillary ultrafiltration (TCUF) and marker 
clearance (MC) were calculated according to previously described formulas 
(7). A description of the calculation of TCUF and MC is given in the appendix. 
Four hour dialysate to plasma (D/P) ratios for creatinine and four hour ratio of 
dialysate glucose to initial dialysate glucose (D/DQ) were calculated. Dialysate 
creatinine concentration was corrected for high dialysate glucose concentration. 
Where performed, intraperitoneal pressure was measured as described by 
Fischbach et al (8). The protocol was approved by the committee of medical 
ethics of the University Hospital Nijmegen and informed consent of the parents 
was obtained. 

Statistics 
Statistical analyses were used which take account for the dependency between 
observations of one patient (9). Using these methods, means and standard 
deviation can be estimated unbiased using all available measurements. 
Differences between the four measurement times can be tested simultaneously. 
The assumption for the missing values are more relaxed than those using 
ordinary repeated measurements analysis which uses only complete cases 
(patients with all measurements available). In the latter analysis the missing 
values should be completely at random (missing completely at random), which 
in practice is almost never fulfilled (10). Before statistical analysis the TCUF 
was transformed using the logarithm and the MC was transformed using the 
function ln(50+MC), where In denotes the natural logarithm. These trans
formations were necessary because both variables showed a heavily skewed 
distribution. Results are presented as median and (PS.PQS) reference intervals. 
Within patient correlation coefficients between TCUF and D/P ratios for 
creatinine, respectively D/D,, glucose ratio were calculated using the method 
described by Bland (11). The differences between the fluid kinetics in infants 
and children were tested using an unpaired t-test. Any ρ values less than 0.05 
were considered significant. 
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Results 

The individual data of TCUF of all patients during the serial PET's are shown 
in Table 1. Cumulative TCUF during the 4-hour dwell was 1041 ml/1.73 m2 at 
1-3 months after start of peritoneal dialysis, 1026 ml/1.73 m2 at 7-9 months of 
treatment, 1021 ml/1.73 m2 at 11-13 months of treatment and 756 ml/1.73 m2 

at 26-33 months of treatment. The differences at the different time points are 
not significant. The individual data of MC of all patients during the serial PETs 
are also shown in Table 1. Cumulative MC during the 4-hour dwell was 235 
ml/1.73 m2 at 1-3 months after start of peritoneal dialysis, 311 ml/1.73 m2 at 
7-9 months of treatment, 395 ml/1.73 m2 at 11-13 months of treatment and 509 
ml/1.73 m2 at 26-33 months of treatment. The differences at different time 
points are not significant. Where measured, mean intraperitoneal pressure at 1-
3 months after start of peritoneal dialysis was 19 cm H20 (n=7), 20 cm H20 at 
7-9 months (n=6), 19 cm H20 at 11-13 months (n=3) and 19.5 cm H20 at 26-33 
months of treatment (n=3). 
Table 2 shows the four hour D/P ratios of creatinine and the four hour ratio of 
dialysate glucose at time t, to initial dialysate glucose (Ο/Ο0) measured during 
the PET's. Median four hour D/P ratio of creatinine was 0.73, 1-3 months after 
start of peritoneal dialysis; 0.74 at 7-9 months of treatment, 0.70 at 11-13 
months of treatment and 0.72 at 26-33 months of treatment. The differences at 
the different time points are not significant. Median D/D0 glucose was 0.28 at 
1-3 months after start of dialysis, 0.29 at 7-9 months, 0.31 at 11-13 months and 
0.30 at 26-33 months after start of dialysis. The changes in time of TCUF did 
not correlate with the changes in D/P ratios of creatinine: r=0.13;p=0.62. Nor 
was there any correlation between the changes in TCUF and changes in 
dialysate glucose at time t, to initial dialysate glucose (O/D0)·. r=-0.03;p=0.90. 
Table 3 shows the individual results of TCUF and MC in the additional group 
of patients, infants < 2.5 years, tested 5.8 months (median value) after initiation 
of peritoneal dialysis. Cumulative TCUF during the 4-hour dwell was 755 ± 
237 ml/1.73 m2 and cumulative MC was 400 ± 214 ml/1.73 m2. 

Discussion 

Long-term peritoneal dialysis, both in adults and children, requires the main
tenance of the primary function of the peritoneal membrane, solute removal 
and ultrafiltration. In adult CAPD patients, different studies are performed de
scribing follow-up of peritoneal transport (12). During the first year of treat
ment no changes in net ultrafiltration are found (13,14). Loss of net ultrafil-
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tration has been described after 42 months of treatment by Davies et al. (15). 
Seigas et al found that net ultrafiltration remained unaltered until the fourth 
year of treatment (16): a significant loss of net ultrafiltration appears after this 
date and continues over the following years (17). Conflicting results exist about 
the effect of peritonitis on peritoneal fluid kinetics: some authors describe 
accelerated loss of ultrafiltration by peritonitis (15,17), whereas others found 
no effect of peritonitis on ultrafiltration (18). In all of these papers only net 
ultrafiltration is studied, what does not discriminate between transcapillary 
ultrafiltration and marker clearance. 
Data on follow- up of peritoneal fluid kinetics in childhood peritoneal dialysis 
are not available. Warady et al. (19), studied peritoneal transport of creatinine, 
urea and glucose, using an intraperitoneal volume of 1100 ml/m2 BSA, and 
concluded that peritoneal membrane transport function in children of different 
age groups is similar across the pediatric age range. Longitudinal changes of 
peritoneal transport of creatinine and glucose in children are studied by Nishi 
et al (3). They did not study fluid kinetics. Peritoneal function in children 
without any history of peritonitis did not change with time over a 30-month 
period. Membrane permeability for creatinine decreased progressively 
following episodes of peritonitis. Von Lilien et al (2) studied peritoneal 
clearances of creatinine up to 55 months of CAPD/CCPD treatment and found 
no changes. Clearances may remain stable while the ultrafiltration capacity 
decreases with time. In our study we could differentiate fluid kinetics in 
transcapillary ultrafiltration and marker clearance, and although there is a 
tendency towards decreasing transcapillary ultrafiltration and increasing 
marker clearance in the limited patients during the first 33 months of treatment, 
the changes in fluid kinetics are not significant. Although, with the statistical 
methods used, non-significant results should be interpreted with care. This is 
in agreement with the results in the previously described adult studies (15,16) 
in which net ultrafiltration is not significantly different yet at this time point. 
Increased intraperitoneal pressure might affect lymphatic absorption, as 
evaluated by marker clearance (20). We therefore studied hydrostatic intra
peritoneal pressure during our follow- up PETs in some patients. Although 
there is a tendency to increasing marker clearance over time, the changes are 
not significant, what is in accordance with the unchanged intraperitoneal 
pressure where measured. 
D/P ratios of creatinine did not change in the limited patients we could study 
in a period of 33 months. Our results of D/P ratios of creatinine at 7 - 9 months 
after start of dialysis (median 0.74) are comparable to the ones recently found 
by Hölttä et al. (21) who described D/P ratios of creatinine of around 0.70 at 
0.8 ± 0.4 years of uninterrupted dialysis. Also Nishi et al (3) concluded that 
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there is no correlation between changes in D/P ratios of creatinine over time 
and the number of months on peritoneal dialysis at 22.8 ± 11.6 months. Four 
hour dialysate glucose to initial dialysate glucose (D/D0) did not change over 
time, as is concluded by other authors as well (3,21). The observed tendency 
to a decreasing transcapillary ultrafiltration and an increasing marker clearance 
over time in our patients does not have any correlation between changes in the 
measured solute transport characteristics over time. 
Recently Andreoli et al (22) described 57 children with one or more episodes 
of peritonitis with a significantly lower four hour OJD0 and higher D/P 
creatinine ratio, compared to 36 children without peritonitis. Although the 
children with peritonitis had a significantly longer duration of dialysis, there 
was no correlation between time on dialysis and peritonitis. In the 11 patients 
with repeated measurements, we looked at peritonitis episodes. In 7 patients, 
no peritonitis occurred in the study period. In one patient, an increase in 
ultrafiltration was seen after peritonitis, one patient showed decreased ultra
filtration after peritonitis, and in one patient no changes in UF were seen. In 
one patient studied over the whole period, we found no changes in UF after the 
first peritonitis episode, and a decrease in UF after another episode during the 
study period. In the small number of children studied, it is difficult to make any 
comment on a correlation between peritonitis rate and ultrafiltration. 
No information is available about fluid kinetics in infants < 2.5 years when 
intraperitoneal volumes are adjusted to BSA. In our peritoneal dialysis program 
we could study five infants with a mean age of 1.6 years: cumulative TCUF 
during the 4-hour dwell was 755 ± 237 ml/1.73 m2 and cumulative MC was 
400 ±214 ml/1.73 m2. These results are not significantly different from the 
data obtained in children > 2.5 years as earlier described (5). Cumulative TCUF 
in the last group was 935 ± 202 ml/1.73 m2 and cumulative MC was 438 ± 275 
ml/1.73 m2 (p=0.13 and p=0.78). Even in infants peritoneal equilibration test 
results regarding fluid kinetics are not different from children or adults, when 
intraperitoneal volumes of 1200 ml/m2 BSA are used (23). A longer follow-up 
of fluid kinetics in infants and children on peritoneal dialysis using an 
intraperitoneal volume adjusted to body surface area is not available since 
fortunately most children will be transplanted within the study period. These 
results would be desirable. 
We conclude that transcapillary ultrafiltration and marker clearance are com
parable in infants, children and adults when intraperitoneal volumes of 1200 
ml/m2 BSA are used. Although there is a tendency towards decreasing trans
capillary ultrafiltration and increasing marker clearance over time, these fluid 
kinetics do not change significantly in children > 2.5 years during the 
observation period. 
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Diagnosis 1-3 
months 
("''3) 

7-9 
months 
("='3) 

11-13 months 
(n=5) 

26-33 months 
(n=5) 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

CNS 

CNS 

CNS 

FGS 

FGS 

antiGBM 

anti GBM 

Hypoplasia 

HS nephr 

Cystinosis 

Reflux 

Unknown 

Median 
p, 
p., 

TCUF MC 

827 273 

1158 378 

1012 175 

962 413 

591 509 

910 307 

1862 1512 

965 43 

896 -27 

1854 818 

1059 79 

957 164 

1156 254 

1041 235 
585 6 

1855 1417 

TCUF MC 

962 166 

809 

930 

1074 

1122 

585 

161 

483 

433 

380 

330 

1109 56 

734 367 

1175 364 

1150 

1061 

1993 

980 

1026 
576 

1828 

418 

240 

1362 

309 

311 
20 

1803 

TCUF MC 

1405 1179 

869 327 

956 612 

875 42 

686 342 

1021 395 
573 37 

1819 2237 

TCUF 

1023 

628 

MC 

505 

458 

515 749 

1030 890 

592 229 

756 509 
425 59 

1347 2821 

Table 1. Follow-up of transcapi llary ultrafiltration (TCUF in ml/1.73 m2) and marker 
clearance (MC in ml/1.73 m2) in 20 children at 1-3 months, 7-9 months, 11-13 months and 
26-33 months after start of peritoneal dialysis (PD). Descriptive data are expressed as median 
and reference intervals (P5,P95) are given. 
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PUV = postenor urethral valves CNS 
FGS = focal glomerulosclerosis anti GBM 
HS nephr= Henoch-Schönlein nephritis reflux 

= congenital nephrotic syndrome 
= anti GBM glomerulonephritis 
= reflux nephropathy 

Diagnosis 1-3 
months 
("='3) 

7-9 
months 
("='3) 

11-13 months 
(n=5) 

26-33 months 
(ii=5) 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

PUV 

CNS 

CNS 

CNS 

FGS 

FGS 

Ann GBM 

Anti GBM 

Hypoplasia 

HS nephr 

Cystmosis 

Reflux 

Unknown 

Median 
P, 
P„ 

D/P D/D, 

0 82 0 19 

0.74 0 23 

0 63 0 34 

0 77 0 29 

0 85 0 15 

0 71 0 33 

0.66 0 33 

0.69 0 29 

0.58 0 40 

0 62 0.35 

0 74 0 27 

0 76 0 26 

0.59 0 41 

0 73 0 28 0 52 
0 13 

0 94 0.44 

D/P D/D0 

0 77 0.22 

0.78 0.22 

0 74 0 32 

091 Oi l 

0 77 0 27 

0 88 0 16 

0.64 0 36 

0 68 0.34 

0.77 0 26 

0 74 0 32 

0 64 0 35 

0.58 0 41 

0 93 0 24 

0.74 0 29 
0 53 0 13 
0 95 0 44 

D/P D/D0 

0.73 0.28 

0 70 0 32 

0 88 0 17 

0 61 0 34 

0 62 0.36 

0 70 0.31 
0.49 0.15 
0.90 0.46 

D/P D/D0 

0 59 0 36 

0.80 0.26 

0.83 0 17 

0 87 0 22 

0 71 0 34 

0.72 0 30 
0.51 0 15 
0.93 0 45 

Table 2. Follow-up of four hour D/P ratios of creatinine and four hour ratio of dialysate 
glucose to initial dialysate glucose (D/D0) in 20 children at 1-3 months, 7-9 months, 11-13 
months and 26-33 months after start of peritoneal dialysis (PD). Descriptive data are ex
pressed as median and reference intervals (Ps.Pçs) are given. For abbrevations see Table 1. 
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ACE inhib fet 

oxalosis 

TIN 

CNS 

PUV 

Age 
(years) 

0.5 

1.0 

1.8 

2.1 

2.5 

mean ± SD 

TCUF 
(ml/1.73 m2) 

575 

691 

763 

591 

1156 

755 ± 237 

MC 
(ml/1.73 m2) 

327 

398 

95 

510 

669 

400 ±214 

Table 3. Transcapi llary ultrafiltration (TCUF in ml/1.73 m2) and marker clearance (MC in 
ml/1.73 m2) in 5 infants during a PET with a dwell volume of 1200 ml/1.73 m2). 

ACE inhib fet = 

TIN 
CNS 
PUV 

angiotensin converting enzyme inhibitor 
fetopathy 
tubulointerstitial nephritis 
congenital nephrotic syndrome 
posterior urethral valves 
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Appendix 
Marker clearance (MC) is defined as the difference between the amount of 
dextran instilled and the total amount recovered, divided by the product of 
dwell time and the mean dextran concentration. MC is assumed to be a linear 
process. The following formula was used, where V, is the installed volume; C, 
is the dextran concentration of the test bag; V240 is the drained volume of the 
test bag; RVpost is the calculated postexchange residual volume; Ct is the 
dextran concentration at time t; and S is the sample volume: 
MC (ml/min)= (C, χ V,) - C„ n χ (V7,n + RV_) - S χ (C<+-+C„n) 

240xV(C 5 xC 2 4 0 ) 
The post-exchange residual volume (RVposl) was calculated with the equations 
below, in which Vr is the inflow volume and Cr the dextran concentration of the 
rinsing bag after drainage. 
RVposl(ml) = V rx Cr 

(C24o-Cr) 
The amount of dextran in the peritoneal cavity was divided by its concentration 
to calculate intraperitoneal volume (IPVt). The calculations of IPV0, IPVJQ and 
IPV60 are shown below. IPV120, IPVI80 and IPV240 were calculated in a similar 
way. 
IPV5 (ml)= (C, χ V,) - MC χ 5 χ V(C5 χ C240) 

IPV30(ml)= 

IPV60(ml)= 

The theoretical intraperitoneal volume (TIPVt), that is, the intraperitoneal 
volume in the absence of MC and sampling, was determined by adding the 
cumulative sample volume (St), and MC: 
TIPV, (ml) = IPV, + S, + MC χ t 
Transcapillary ultrafiltration (TCUF) at time t, was calculated by subtracting 
the initial theoretical intraperitoneal volume (TIPV5) from the theoretical 
intraperitoneal volume at time t: 
net TCUF, (ml) = TIPV, - TIPV5 

Q 

^ 3 0 

c 5 
χ (IPV5 -

iX( iPV3 ( 

• S ) -

C30 

)-S) 

MCx 

-MC 

c«, 

25 χ 

x30 

V(C5xC2 4 0) 

χ V(C5 χ C240) 
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Abstract 

Objective: To establish the effectivity of administration of erythropoietin 
intraperitoneally in a small amount of fluid in children with renal anemia on 
continuous ambulatory peritoneal dialysis (CAPD). 
Design: Prospective study in which children with renal anemia on CAPD 
were treated with erythropoietin intraperitoneally, administered in a 
specially designed bag containing 50 mL NaCl 0.9%. 
Setting: University hospital 
Patients: The patient population consisted of 10 children treated with CAPD 
and 1 treated with nightly intermittent peritoneal dialysis. The median age 
was 7.8 years (range 4.1-15.2). Four of these children had not been treated 
with erythropoietin before (group A), and 6 had been treated with 
erythropoietin administered intraperitoneally in 250 mL of dialysis fluid 
(group B). 
Interventions: Patients in group A started on a dose of approximately 300 
units/kg per week. Patients in group Β received their previous dose. Dosage 
was adjusted to achieve a target hemoglobin level of 6.5 - 7.0 mmol/L (104 -
112 g/L). Serum ferritin levels and transferrin saturation were monitored 
and iron supplementation was prescribed in the case of iron deficiency. 
Main outcome measures: Weekly erythropoietin dose in relation to hemo
globin level. 
Results: In group A, median hemoglobin level rose from 5.3 mmol/L (85 
g/L) to 6.6 mmol/L (106 g/L) after 6 months of therapy, whereas the median 
erythropoietin dose decreased from 262 to 234 U/kg/week. In group b, 
hemoglobin levels remained stable and median erythropoietin dose 
decreased from 262 to 194 U/kg/week. One patient in this group, for 
unknown reasons, never responded to erythropoietin treatment. He was 
excluded from further analysis. In the remaining 5 patients the median 
cumulative erythropoietin dose was 3250 U/kg in the 3-monthe period prior 
to the start of the study and 2713 in the 3-month period starting 6 months 
after the beginning of the study. This difference of 17 % was statistically 
significant using a Wilcoxon test (p < 0.05). 

Conclusion: Intraperitoneal administration of erythropoietin in a small 
amount of dialysis fluid leads to a decrease in the required dose. 
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Introduction 

In children treated with continuous ambulatory peritoneal dialysis (CAPD) 
renal anemia can be effectively treated with erythropoietin administered 
intraperitoneally (IP) (1). A major advantage, as opposed to subcutaneous 
administration, is the avoidance of painful injections. A disadvantage is the 
necessity of a higher dose, which is related to a lower biological availability. 
To maximize resorption, erythropoietin is usually administered in the smallest 
commercially available bag of 250 mL during a prolonged dwell (10-12 
hours). In a previous study we compared the pharmacokinetics of 
erythropoietin after subcutaneous and IP administration in children on CAPD 
(2). It was established that resorption after IP administration, measured as area 
under the curve, was similar to resorption after subcutaneous administration if 
erythropoietin was administered IP in 50 mL of dialysate. In this article we 
present the results of a therapeutic study in which erythropoietin was 
administered this way, using a specially designed 50 mL bag. 

Patients and methods 

Children on CAPD or nightly intermittent peritoneal dialysis (NIPD) already 
treated with IP erythropoietin and those in whom erythropoietin therapy was 
started entered the study. The study was performed between October 1994 
and December 1995. Two patients were not eligible for further evaluation, 
one because no exact data wearer available on previous treatment with 
erythropoietin and the other because the hemoglobin levels were being 
maintained higher than usual in this child, whose parents were Jehovah's 
witnesses. The study population consisted of 10 children (4 girls, 6 boys). 
The median age of these children was 7.8 years (range 4.1-15.2). Causes of 
renal failure were: renal dysplasia (2), posterior uethral valves, hemolytic 
uremic syndrome, congenital nephrotic syndrome, interstitial nephritis, focal 
glomerulosclerosis, anti GBM (glomerular basement membrane ) 
glomerulonephritis, hereditary acro-osteolysis, and unknown. The children 
had been treated with CAPD for a median period of 14 months (range 0-80). 
Four children (group A) had had no previous treatment with erythropoietin. 
Median hemoglobin level was 5.3 mmol/L (range 43.-5.7) [85 g/1 (range 68-
91)] in this group. Hemoglobin level for children without end-stage renal 
disease ranged between 7.1 mmol/L (114 g/1) and 9.0 mmol/l (144 g/1) in our 
laboratory. In the children of group A, erythropoietin was started at a dose of 
approximately 300 units per kilogram per week, administered 3 times per 
week. 
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Six children (group B) had been treated previously with erythropoietin, 
administered IP in the smallest commercially available bag (250 mL). These 
patients had been on erythropoietin for a median period of 28 months (range 
7-65). Their median hemoglobin level was 6.6 mmol/L (range 4.5-7.3) [106 
g/L (range 72-117)] at the start of the study. Median erythropoietin dosage 
was 262 U/kg/week (range 154-545) in these patients when they entered the 
study. Five of 6 patients reveived erythropoietin 3 times per week, whereas 
one of them was on a twice-a-week schedule. Dose and schedule were not 
changed when these patients entered the study. 
Erythropoietin (Recormon, Boehringer Mannheim GmbH, Almere, The 
Netherlands) was administered in dialysis bags which were specially made for 
this purpose (Baxter BV, Utrecht, The Netherlands). These bags contained 50 
mL NaCl 0.9 % solution. The parents injected erythropoietin into the bags 
themselves; they were carefully trained to do this by a member of the nursing 
staff. The bags, equipped with a UV-flash port, were instilled after complete 
drainage of the abdomen for a 10- to 12-hour dwell. In patients on CAPD 
erythropoietin was administered overnight, while this was done during the 
day in the patient on NIPD. The target hemoglobin level was 6.5 - 7.0 mmol/L 
(104-112 g/L) in both groups. Dosage was adjusted every 2 months. As long 
as the target level was not reached erythropoietin dosage was increased by 75 
U/kg/week. Dosage was decreased by 75 U if the hemoglobin concentration 
exceeded 7.0 mmol/L (112 g/L). Hemoglobin, hematocrit, and the number of 
reticulocytes were assessed every 2 weeks. Serum ferritin levels and 
transferrin saturation were assessed every 2 months, and iron supplementation 
was prescribed if there was evidence of iron deficiency (serum ferritin below 
100 μg/L; trasnferrin saturation below 20 %). 

Results 

In group A, 2 children were treated for a period of 7 months, while 2 were 
treated for a period of 11 months. In all patients hemoglobin levels increased 
after the start of therapy. The median hemoglobin level after 6 months was 6.6 
mmol/L (range 6.2 - 7.5) [106 g/L (range 99 - 120)]. No blood transfusions 
were needed. In the 2 patients who remained on therapy for 11 months, final 
hemoglobinlevels were 8.0 mmol/L (128 g/L) and 8.1 mmol/L (130 g/L). The 
median starting dose was 266 U/kg/week (range 235 - 293). After 6 months of 
therapy the median dose was reduced to 234 U/kg/week (range 100 - 294). 
The final dose was 238 and 176 U/kg/week in the 2 patients who remained on 
therapy for 11 months. 
In group B, children were treated for a median period of 11 months (range 6-
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12). Hemoglobin levels remained stable during the study (Figure 1). The 
median hemoglobin level was 6.8 mmol/L (range 5.8 - 7.9) [109 g/L (range 93-
126)] 6 months after the start of the study. Erythropoietin dosage and range is 
given in Figure 2. The median dosage was 262 U/kg/week at the start of the 
study and 194 U/kg/week after 6 months of therapy. 

0 6 
time (months) 

Figure J. Hemoglobin levels of the patients in group B. TO indicates the start of the study. 
The target hemoglobin level of 6.5 - 7.0 mmol/L (104 - 112 g/L) is indicated in the shaded 
area. A blood transfusion is indicated with an asterisk. 

Τ 
Ο 6 

time (months) 

Figure 2. Minimum, median, and maximum erytrhopoietin dosage in group B. TO indicates 
the start of the study. Ν = number op patients studied. 
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The range of erythropoietin dose was very broad. This was mainly due to a 
very high dosage of 545 U/kg/week in 1 patient. This patient had started on 
erythropoietin 7 months prior to the start of the study and never reached 
satisfactory control of renal anemia, in spite of a high dose. This child was the 
only one to receive blood transfusions during the study period (Figure 1). He 
received a kidney transplant 6 months after entering the study. This patient 
seemed to be resistant to erythropoietin therapy; an explanation for this was 
not found. There was no iron deficiency (serum ferritin > 1000 μg/L), folic 
acid levels were within the normal limits, and there was no reason to assume 
that the patient suffered from infections. 
The patient described above was excluded from the following statistical 
analysis because it is impossible to compare two modes of erythropoietin 
administration in a who does not respond to the drug and who receives blood 
transfusions. Erythropoietin dosage was stable in the months prior to the start 
of the study and was stabilized again 6 months after the start of the study in 
the other 5 patients. The cumulative dose from T-2 to TO (the 3-month period 
before the start of the study) as well as the area under the curve from T7 to T9 
(the 3-month period after reaching a stable erythropoietin dose) was 
calculated in these patients. Median cumulative dose for a 3-month period 
decreased from 3250 U/kg (range 2002 - 5577) to 2713 (1690 - 3393). The 
cumulative dose decreased in all patients. The median decrease in the 
cumulative dose was 17 % (range 5 - 45). The difference between the 
cumulative dose before and after the switch to erythropoietin administration 
in a small dialysate volume was statistically significant (Wilcoxon; ρ < 0.05). 

Discussion 

In patients treated with CAPD, renal anemia can be effectively treated with 
erythropoietin. Two modes of administration have been used successfully, 
subcutaneous administration and IP administration. Studies in adults have 
demonstrated that subcutaneous administration is very effective, with doses of 
100 to 150 U/kg/week (3,4). In children, a mean maintenance dose between 
74 and 210 U/kg/week has been reported (5-11). In children there seems to be 
an influence of age on the dosage needed, with younger children needing a 
higher dose (12). 
Intraperitoneal administration has proven to be an alternative method of treat
ment. The major advantage of this mode of treatment is the fact that thee is no 
need for painful injections. The major disadvantage is the higher maintenance 
dose. In a study in adults the mean maintenance dose was 225 - 255 
U/kg/week (13). Our group has reported a mean maintenance dose of 279 
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U/kg/week in a group of 16 children on CAPD (1). In this study 
erythropoietin was added to the smallest commercially available bag 
containing 250 mL dialysis fluid. Lower doses of 100 - 150 U/kg/week were 
reported in a small group of 3 children, 2 of who received erythropoietin in a 
small volume of only 20 mL (14). 
Biological availability is determined by the amount of dialysis fluid to which 
erythropoietin is added (15). We established that the resorption of 
erythropoietin after IP administration, measured as area under the curve, is 
similar to resorption of erythropoietin after subcutaneous administration if 
erythropoietin is added to a small volume of only 50 mL of dialysate (2). 
In the present study, 10 children were treated with erythropoietin 
administered IP in such a small volume. In 4 children who had not been 
previously treated with erythropoietin, the median dosage was 234 U/kg/week 
after 6 months of therapy. In 6 children who had been treated with 
erythropoietin IP in 250 mL of dialysis fluid, the median dosage could be 
decreased from 262 to 194 U/kg/week. 

These data are consistent with the hypothesis that the administration of 
erythropoietin in a small volume will lead to increased resorption and a 
decrease in the dose. Decreasing dialysis volume to 50 mL 3 times per week 
during the night will lead to the absence of dialysis during thee periods. 
During the period in which the study was performed, another study was done 
looking at weekly Kt/V and creatinine clearance (16). In a group of 19 
children a mean Kt/V of 2.31 was found, which is higher than values reported 
for most adult groups. Since target values for Kt/V are not yet clearly defined 
for children, Kt/V cannot be used to establish, in the individual patient, 
whether or not a decrease in dialysis is possible. During this study we did not 
see clinical problems as a result of the decrease in dialysis volume. If we had, 
NIPD, with administration of erythropoietin during the day, may have been a 
solution. 

Administration of erythropoietin once-a-week instead of 3 times per week is 
probably not the right way to increase dialysis. We performed a study in 6 
children who had been successfully treated with erythropoietin IP, added to 
250 mL of dialysis fluid, 3 times per week (17). In these children, 
erythropoietin was administered in the same weekly dose, once-a-week 
instead of 3 times per week. This was not effective, since hemoglobin levels 
started to decrease rapidly. 
Contamination is a risk if medication is added to the dialysis fluid. During our 
previous study, in which erythropoietin was given IP added to a bag 
containing 250 mL of dialysis fluid, we was one peritonitis episode every 
14.7 patient-months. In 1995, the year in which the present study was 
performed, the peritonitis incidence was once every 12.6 patient-months, 
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which is within the expected variation. 
It can be concluded that intraperitoneal administration of erythropoietin in a 
small amount of dialysate fluid leads to a decrease in the required dose. 
Although the observed decrease in dose does seem real, the question remains 
whether it is clinically significant. A median decrease of 17 % in the need for 
erythropoietin was established. Although this does not seem much in terms of 
percentage, savings can amount to significant sums if it can be applied on 
expensive drugs such as erythropoietin. The commercial production of small 
bags for the purpose of drug administration may become even more 
interesting if other drugs such as growth hormone become available for IP 
administration. 
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Abstract 

Background: The passage of proteins across the glomerular filtration barrier 
is mainly determined by the size of the protein. In nephrotic 
syndrome (NS) the glomerular permselectivity is affected causing 
proteinuria. Some authors suggest the existence of a generalized basement 
membrane defect. The permeability characteristics of the peritoneal 
basement membrane in children with NS are not known. 
Methods: The transperitoneal transport of proteins with a different 
molecular weight (ß2-microglobulin, MW 11.800 D, albumin MW 69.000 D, 
IgG MW 160.000 D and az-macroglobulin MW 820.000 D) was studied in a 
study group (Group A) consisting of six stable nephrotic children (three 
with glomerulosclerosis and three with congenital nephrotic syndrome, one 
of them with mesangial sclerosis) and compared to a control group (Group 
B) consisting of eight stable children on peritoneal dialysis. After a dwell of 
6 hours with Dianeal 1.36 % dialysate and serum samples were collected. 
For each patient the dialysate to plasma (D/P) ratios of the four proteins 
were calculated. The D/P ratios of the nephrotic patients in group A were 
compared to the D/P ratios of the patients in the control group B. Data were 
expressed as mean ± S.D. 
Results: The values for the D/P ratios (in percentage) of Bî-microglobulin, 
albumin, IgG and a2-niacroglobulin in group A were 19.6 ± 9.9, 2.7 ± 1.7, 
1.6 ± 0.9 and 0.5 ± 0.4, compared to 24.9 ± 10.2, 4.0 ± 2.3, 2.2 ± 1.2 and 0.7 
± 0.3 in the control group B. The ratios were plotted against MW on a 
double logarithmic scale. In all patients a linear relationship between 
molecular weight and D/P ratio of the proteins was obtained. The D/P ratios 
of the study group did not differ significantly from the control group. 
Conclusion: We conclude that the size selectivity of the capillary 
permeability is not affected in the peritoneal membrane in children with NS 
due to glomerulosclerosis and congenital nephrotic syndrome. 
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Introduction 

In the normal situation the human glomerular filter very efficiently restricts 
the passage of macromolecules from the blood into Bowman's space on the 
basis of their size (size selectivity), molecular charge (charge selectivity) 
and sterical configuration (1). This glomerular permselectivity is affected in 
nephrotic syndrome (2). It is clinically defined by heavy proteinuria, 
secondary edema, hypoalbuminemia and hyperlipidemia (3). The underlying 
renal defect has not been found yet. Some authors suggest an isolated defect 
in the renal glomerular basement membrane that causes a loss of negatively 
charged sites (4), whereas others propose the existence of a generalized 
basement membrane defect (5). 
In pediatric dialysis patients 15 to 20% of the primary renal disease 
diagnosis consists of nephrotic syndrome (6). In peritoneal dialysis the main 
transport mechanism for serum proteins across the peritoneal membrane into 
the peritoneal fluid is best mimicked by unrestricted diffusion. This 
transperitoneal transport is size selective; the higher the molecular weight of 
a protein, the lower the peritoneal clearance (7). To investigate the influence 
of a possible defect in the size selectivity of the peritoneal membrane of 
children with nephrotic syndrome we studied the transperitoneal transport of 
proteins with a different molecular weight (MW) in these patients. 

Subjects and methods 

Subjects 
The study group (Group A) consisted of six stable nephrotic patients on 
peritoneal dialysis (4 boys and 2 girls), with a mean age of 7.0 years (range 
0.5-15.1). Nephrotic syndrome in these patients was caused by focal 
segmental glomerular sclerosis (3) and congenital nephrotic syndrome (3) of 
which one with diffuse mesangial sclerosis. Histopathology of the two other 
patients with congenital nephrotic syndrome revealed normal appearing 
glomeruli and slight tubular dilatation. They had been treated by peritoneal 
dialysis for a mean period of 4.6 months (range 0.3-16.4) and did not have a 
history of peritonitis or were free of peritonitis at least during three months 
prior to the study. The control group consisted of eight stable children (6 
boys and 2 girls) with a mean age of 8.4 years (range 2.4-12.9). Causes of 
end stage renal disease were: posterior urethral valves (4), renal 
hypoplasia/dysplasia (2), Henoch-Schönlein nephritis and haemolytic 
uraemic syndrome. They had been treated by peritoneal dialysis for a mean 
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period of 16.8 months (range 3.8-36.3) and did not have a history of 
peritonitis or were free of peritonitis at least during three months prior to the 
study. Informed consent was obtained from the parents of all patients after 
explanation of the purpose and design of the study. 

Study protocol 
After a dwell of 6 hours with dialysis fluid containing 1.36 % glucose 
(Dianeal 1.36 %,Baxter Inc.,Deerfield,IL) dialysate was collected and serum 
samples were taken of all patients. In both the dialysate and serum the 
concentrations of the different proteins were measured. Albumin (MW 
69.000 D), immunoglobulin G (IgG, MW 160.000 D) and a2-macroglobulin 
(MW 820.000 D) were nephelometricly quantificated; ß2-microglobulin 
(MW 11.800 D) was measured by enzyme-linked immunosorbent assay 
(ELISA). 
For each individual patient the dialysate to plasma (D/P) ratio after the six 
hour dwell was calculated. The D/P ratios of the nephrotic patients in group 
A were compared to the D/P ratios of the control patients in group B. 

Statistical analysis 
Data are expressed as mean ± SD. Statistical comparisons between the two 
groups were performed using the unpaired t-test. Correlations were 
calculated by the method of least squares (Pearson). Any ρ values less than 
0.05 were considered significant. 

Results 

The D/P ratios of ßz-microglobulin, albumin, IgG and cfc-macroglobulin of 
all patients are given in Table 1. The D/P ratios of all measured proteins did 
not differ significantly between the two groups. 
The serum concentrations of ß2-microglobulin, albumin, IgG and 012-
macroglobulin are shown in Table II (results not significantly different). 
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Table 1. 
Dialysate to plasma ratios (percentage) of ß2-microglobulin, albumin, IgG and ai-
macroglobulin of the six nephrotic patients in Group A compared to the eight patients in 
the control group B. 

FGS 

FGS 

FGS 

CNS 

CNS 

DMS 

Mean ± SD 
Group A (n=6) 

PUV 

PUV 

PUV 

PUV 

Hypoplasia 

Hypoplasia 

HS nephritis 

HUS 

Mean ± SD 
Group Β(n=8) 

ß2-micro 
globulin 

12.7 

18.1 

26.4 

36.3 

10.8 

13.2 

19.6±9.9 

26.7 

39.0 

40.8 

21.0 

12.9 

23.0 

20.3 

15.4 

24.9+10.2 

albumin 

2.0 

2.4 

2.1 

6.1 

1.1 

2.4 

2.7±1.7 

5.9 

6.0 

7.8 

3.0 

1.8 

2.4 

2.5 

2.3 

4.0±2.3 

IgG 

1.6 

1.3 

1.0 

3.3 

0.8 

1.7 

1.6±0.9 

3.2 

3.0 

4.4 

1.5 

1.0 

1.6 

1.5 

1.3 

2.2+1.2 

a2-niacro 
globulin 

1.2 

0.3 

0.2 

0.7 

0.2 

0.6 

0.5±0.4 

1.1 

0.6 

1.2 

0.5 

0.2 

0.6 

0.7 

0.4 

0.7+0.3 

FGS = focal segmental glomerulosclerosis 
CNS = congenital nephrotic syndrome 
DMS = diffuse mesangial sclerosis 
PUV = posterior urethral valves 
HS nephritis = Henoch-Schönlein nephritis 
HUS = haemolytic uraemic syndrome 
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Table 2. 
Serum concentrations of ß2-microglobulin, albumin, IgG and a2-inacroglobulin of the six 
nephrotic patients in Group A compared to the eight patients in the control group B. 

FGS 

FGS 

FGS 

CNS 

CNS 

DMS 

Mean ± SD 
Group A (n=6) 

PUV 

PUV 

PUV 

PUV 

Hypoplasia 

Hypoplasia 

HS nephritis 

HUS 

Mean ± SD 
Group Β (n=8) 

ß2-micro 
globulin 
(mg/1) 

15.5 

44.6 

12.2 

46.3 

48.3 

46.2 

35.5±16.9 

57.9 

39.8 

24.7 

23.0 

42.4 

38.8 

26.2 

46.5 

37.4±12.1 

albumin 

(g/i) 

16.6 

32.8 

22.0 

27.4 

18.2 

28.2 

24.2±6.3 

29.2 

26.7 

25.8 

36.7 

34.4 

23.3 

29.9 

30.5 

29.6±4.4 

IgG 

(g/i) 

3.3 

7.0 

4.7 

4.4 

0.9 

3.0 

3.9±2.0 

10.6 

3.1 

2.8 

4.8 

5.5 

3.2 

8.4 

11.3 

6.2±3.4 

a2-niacro 
globulin 
(g/i) 

6.3 

3.8 

5.9 

4.0 

7.3 

4.2 

5.3±1.4 

4.1 

5.4 

4.5 

4.9 

5.5 

3.6 

4.8 

3.7 

4.6±0.7 

For explanation of abbrevations see Table 1. 

The D/P ratios were plotted against the molecular weight of the measured 
protein on a double logarithmic scale in Figure 1. In all patients a linear 
relationship between molecular weight and D/P ratio of the proteins was 
obtained. Only in one nephrotic patient this relationship was not significant 
(p=0.09). The correlation of the mean values of the patients in the control 
group is shown as the reference line in the figure (r=-0.996;p=0.004). 
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Figure 1. 
Figure 1 : The dialysate to plasma ratio (in percentage) of the control group (mean ± SD) 
and the six nephrotic patients versus molecular weight. A double logarithmic scale is 
used. 

Discussion 

In the last decade the mechanisms of proteinuria in the nephrotic syndrome 
have been the subject of numerous studies (8,9). Although the underlying 
molecular defect has not been found yet, new insights into the pathogenesis 
of the idiopathic nephrotic syndrome point towards the existence of a 
circulating factor that affects glomerular permselectivity (9). It is still 
controversial if this defect is confined to the glomerular capillary wall in the 
kidney or affects other basal membranes in the human body as well. Levin et 
al. studied the binding of cationic dye alcian-blue on the anionic groups on 
the cell surface of red blood cells and platelets and concluded that this 
binding was significant less in children with steroid-responsive nephrotic 
syndrome and focal segmental glomerulosclerosis (5). Whereas some groups 
could confirm these results (10), others found conflicting results with 
different techniques (11). Studies on gastrointestinal protein loss also 
showed contradictory results (12,13). Recently Neuhaus et al (14) studied 
both steroid-sensitive and steroid-resistant nephrotic syndrome and could 
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not find a difference in the saliva to plasma ratio of endogenous proteins 
concluding that at least in the salivary gland the capillary permeability is not 
affected. To our knowledge there is no information about the involvement of 
the basement membranes of peritoneal capillaries in children with nephrotic 
syndrome. 
By studying the clearance of endogenous proteins of different charge in the 
kidney Taylor et al. (15) could not show charge selectivity in idiopathic 
nephrotic syndrome. Buis et al. (16) could not prove an effect of electric 
charge on the transperitoneal transport of plasma proteins by studying the 
transperitoneal clearances of proteins with different charge but identical size 
in adult patients during stable CAPD. So was the peritoneal clearance of 
IgG,, IgGj and IgG4 identical despite their different charge. For this reason 
the effect of electric charge on transperitoneal transport of plasma proteins 
was not studied in our patients. 
Until now the most appropriate way of measuring the transport 
characteristics of the peritoneal basement membrane is the determination of 
the peritoneal clearances (D/P ratios) for solutes that are only slowly 
accumulating in the peritoneal cavity over time, like proteins (17). These 
D/P ratios show a high reproducibility. The D/P ratios of our study group 
did not differ significantly from the D/P ratios of the control group. We 
therefore conclude that the size selectivity of the capillary permeability is 
not affected in the peritoneal membrane in children with nephrotic 
syndrome of the variety studied. Three of the patients had focal segmental 
glomerulosclerosis and three congenital nephrotic syndrome. The nephrotic 
syndrome due to minimal lesions could not be studied as peritoneal dialysis 
is not performed in these patients. 
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Abstract 

An increased rate of obstruction of peritoneal dialysis catheters is observed 
during peritonitis. Hypercoagulation and hypofibrinolysis may explain this 
increased occurrence. We studied plasminogen activator inhibitor type 1 
antigen (PAI-1), tissue-type plasminogen activator antigen (t-PA), D-dimer 
(DD), plasmin-2-antiplasmin complexes (PAP) and thrombin-antithrombin HI 
complexes (TAT) in seven children with peritonitis (Group A) and twelve 
children during stable peritoneal dialysis (Group B). Albumin, ß2-
microglobulin (ßjm), immunoglobulin G (IgG) and ck-macroglobulin (c^ni) 
were measured for baseline transperitoneal protein transport. After a dwell of 
six hours with Dianeal 1.36 %, dialysate and serum samples were collected. 
Dialysate to plasma ratios (D/P ratio, in percentage) of all proteins were 
calculated. Data were expressed as median. During peritonitis (Group A) TAT 
was higher; 34.7 vs. 22.0 (p=0.01). PAI-1 was increased in Group A; 76.5 vs. 
22.9 (p=0.004). PAP was decreased during peritonitis (Group A); 24.9 vs. 
39.3 (p=0.01). In Group A DD were decreased; 10.8 vs. 26.7 (p=0.002). T-PA 
was not different in both groups (23.7 in Group A vs. 27.7 in Group 
B;p=0.26). In both groups TAT, PAI-1, t-PA, PAP and DD were significantly 
higher than the proteins measured for baseline transperitoneal transport, 
suggesting intraperitoneal production. 
Hypercoagulability and hypofibrinolysis were present during peritonitis 
compared to the control situation. 
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Introduction 

In both children and adults peritoneal dialysis is an established therapy for 
end-stage renal failure. Obligatory for this kind of treatment is a well 
functioning peritoneal catheter. Unfortunately one of the major clinical 
problems is still obstruction of the peritoneal catheter which is even more 
frequently observed during peritonitis. Hypercoagulability and a relative 
hypofibrinolysis may explain this increased occurrence. In the literature there 
is evidence for an imbalance between intraperitoneal coagulation and 
fibrinolysis during peritonitis in CAPD patients. Both clinical and in vitro 
studies in adult peritoneal dialysis patients show evidence of a higher 
concentration of complexes between thrombin and its inhibitor antithrombin 
III (TAT complexes), as a marker for hypercoagulation (1,2,3). During 
peritonitis decreased synthesis of t-PA, the extrinsic activator of plasminogen, 
and increased synthesis of PAI-1, the main inhibitor of t-PA occurs, pointing 
towards impaired fibrinolysis (2). 
To investigate the role of the fibrinolytic system we studied PAI-1, t-PA, D-
dimer (the degradation products of fibrin), and PAP (the irreversible 
complexes of a2-antiplasmin to free plasmin), in both plasma and dialysate in 
children with peritonitis (Group A) and during stable peritoneal dialysis 
(Group B). TAT complexes were measured as markers for ongoing 
coagulation. The transperitoneal clearances for albumin, ß2m, IgG and a2m 
were measured as markers for baseline transperitoneal protein transport. In 
this way we could control if the measured procoagulant- and fibrinolytic 
factors in the dialysate effluent could not only be attributed to losses from the 
intravascular system into the peritoneal cavity. 

Patients and methods 

Patients 
The study group (Group A) consisted of seven children (3 girls and 4 boys) 
with a median age of 8.2 years (range 2.1-17.2 years). The mean duration of 
CAPD was 11.1 months (range 2.7-44.0 months). Underlying renal diseases 
in the patients were hemolytic uremic syndrome, renal hypoplasia/ dysplasia, 
cystinosis, posterior urethral valves, congenital nephrotic syndrome, focal 
glomerulosclerosis and tubulointerstitial nephritis. Histopathology of the 
patient diagnosed as congenital nephrotic syndrome revealed normal 
appearing glomeruli and slight tubular dilatation. Peritonitis was clinically 
diagnosed as cloudy dialysate. The causal organisms isolated were: 
staphylococcus aureus (2), streptococcus (2), staphylococcus epidermidis. 
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acinetobacter and unknown. The control group (Group B) consisted of twelve 
stable children (3 girls and 9 boys) with a median age of 10.8 years (range 
2.4-15.9 years). They had been treated by peritoneal dialysis for a mean 
period of 15.8 months (range 3.8-36.3 months). Causes of end stage renal 
disease were posterior urethral valves (4), focal glomerulosclerosis (3), renal 
hypoplasia/dysplasia (2), hemolytic uremic syndrome, Henoch-Schönlein 
nephritis and interstitial nephritis. 

Methods 
After a dwell of 6 hours with dialysis fluid containing 1.36 % glucose 
(Dianeal 1.36 %, Baxter Inc„ Deerfield, IL) dialysate was collected and blood 
samples were taken of all patients. The samples were added to CTAD or 
citrate mediums for measurement of respectively PAI-1, t-PA (CTAD) and 
DD, PAP, TAT (citrate). In the study group, during peritonitis, samples were 
taken between 24 and 48 hours after the start of treatment of peritonitis. 
Dialysate and blood samples were centrifuged to remove cells and debris, and 
stored at -70oC until analysis. Albumin, IgG and c^ni were nephelometricly 
quantified. PAI-1, t-PA, D-dimer, PAP, TAT and ß2m were measured by 
ELISA. For each individual patient the dialysate to plasma (Ό/Ρ) ratio of all 
measured parameters was calculated. The protocol was approved by the 
committee of medical ethics of the University Hospital Nijmegen and 
informed consent from the parents and older children was obtained. 

Statistical analysis 
All data are expressed as median and reference intervals (Ps^s) are given. 
Statistical comparisons between the two groups were performed using the 
Mann-Whitney U-test, and the 95% confidence interval (CI) for the difference 
in medians was calculated (4). For each individual patient, least squares 
regression was performed using the results of the 4 non-procoagulant or 
fibrinolytic proteins. The log base 10 of the dialysate/serum ratio (log^tR]) 
was used as the dependent variable and the log base 10 of the molecular 
weight (log,0[[W]) as the independent variable. The assumption of a linear 
relationship between log^fR] and log,0[W] was checked with the Pearson 
correlation coefficient. With these regression lines a predicted D/P ratio was 
determined for every procoagulant- and fibrinolytic factor in each patient. 
Predicted and measured D/P ratios were subtracted. The differences were 
tested for significance using a modified t-test, taking into account the 
inaccuracy of the prediction (5). A full description of this modification is 
given in the appendix. Any ρ values less than 0.05 were considered 
significant. All calculations were done on a logarithmic scale and then 
transformed. 
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Results 

The D/P ratios of TAT, PAI-1, t-PA, PAP and D-dimer of both groups are 
given in Table 1. The D/P ratio of TAT is significantly higher in group A 
indicating a higher rate of intraperitoneal coagulation during peritonitis 
compared to stable peritoneal dialysis. The D/P ratio of PAP and D-dimer is 
significantly lower in group A indicating impaired fibrinolysis during 
peritonitis. The D/P ratio of PAI-1, an inhibitor of fibrinolysis, is significantly 
higher in the peritonitis group reflecting impaired fibrinolysis. The D/P ratio 
of t-PA is lower during peritonitis but this result is not significant. 

Table 1. 
Dialysate to plasma ratios (percentage) of the measured procoagulant and fibrinolytic 
factors in 7 patients with peritonitis (Group A) and 12 patients during stable peritoneal 
dialysis (Group B). Values are expressed as median and reference intervals (Ps.Pss) are 
shown. 

TAT 

PAI-1 

t-PA 

PAP 

DD 

Group A 

38.1 
(22.1,84.3) 

77.3 
(23.1,119.2) 

23.8 
(19.2,40.7) 

25.6 
(18.5,60.9) 

9.5 
( 6.0, 23.2) 

Group Β 

22.0 
(16.7,32.7) 

22.9 
(14.1,42.3) 

27.7 
(22.9,60.7) 

39.3 
(29.0,66.0) 

26.7 
(18.9,40.8) 

95%CI 
for the difference B-A 

-28.7, -2.3 

-66.8, -27.9 

-2.6, 12.3 

3.8, 32.4 

9.4, 20.5 

p' 

0.01 

0.004 

0.26 

0.01 

0.002 

Statistical comparisons are performed using the Mann-Whitney U test and the 95% 
confidence interval for the difference in medians is calculated. 



106 CHAPTER 6 

In plasma the concentrations of TAT, PAI-1 and D-dimer do not differ in 
stable peritoneal dialysis and during peritonitis. In both groups they are within 
the normal range of our reference values (Table 2) except for the 
concentration of PAI-1 during peritonitis. In the peritonitis group plasma t-PA 
is significantly increased (p=0.03) and PAP complexes are significantly 
decreased (p=0.01) compared to the control situation, but in both groups they 
are in the normal range. 

Table 2. 
Coagulation- and fibrinolysis related factors in plasma of 7 patients with peritonitis (Group 
A) and 12 patients during stable peritoneal dialysis (Group B) compared to the reference 
values, values are expressed as median and reference interval (Ps.Pçs) are shown. Statistical 
comparisons are performed using the Mann-Whitney U test and the 95% confidence interval 
for the difference in medians is calculated. The reference values are expressed as range. 

Group A Group Β 950/oCI 
for the 
difference B-A 

Reference 
values 

TAT 
(ng/ml) 

PAI-1 
(ng/ml) 

t-PA 
(ng/ml) 

PAP 
(nmoVl) 

DD 
(g/ml) 

8.7 
(6.8,12.1) 

12.8 
(3.9,21.3) 

18.5 
(14.5,21.8) 

3.1 
(2.7,4.6) 

48.0 
(34.2,61.3) 

7.0 
(4.1,10.7) 

6.0 
(3.8,11.2) 

13.7* 
(7.1,18.7) 

5.2' 
(3.0,8.0) 

52.4 
(30.6,68.2) 

-4.3, 

-9.9, 

-8.3, 

0.4, 

-9.2, 

0.3 

0.8 

-0.6 

3.1 

15.2 

2-10 

2-10 

10-20 

3-8 

30-75 

Significantly different. 

The D/P ratios of TAT (MW 130.5 kD), PAI-1 (MW 52 kD), t-PA (MW 68 
kD), PAP (MW 153 kD) and D-dimer (MW 180 kD) of one patient are plotted 
against molecular weight (MW) on a double logarithmic scale in figure 1. The 
expected relationship between molecular weight and D/P ratio, based on 
measurements of ß2m (MW 11.8 kD), albumin (MW 69 kD), IgG (MW 160 
kD) and aim (MW 820 kD), is indicated as a reference line. The correlation 
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coefficients for the relation between log io[R] and log^fW] were smaller than -
0.96 in all patients. For two patients the p-values were above 0.05 (0.057 and 
0.16), but the regression lines for these patients were each based on only three 
points. The remaining patients all had p-values < 0.05. The D/P ratios of all 
measured procoagulant- and fibrinolytic antigens are higher than the reference 
line. These findings indicate local intraperitoneal production of TAT, PAI-1, t-
PA, PAP and D-dimer. The one patient shown is representative for all patients. 

Figure I. 
The D/P ratios of TAT, PAI-1, t-PA, PAP and DD (in percentage) versus molecular weight 
(MW in KD) on a double logarithmic scale of one patient during stable peritoneal dialysis. 
The expected relationship between molecular weight and ratio based on measurements of ß2-
microglobulin, albumin, IgG and ch-niacroglobulin, is indicated as a reference line. 
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Table 3 shows the predicted ratios of the procoagulant- and fibrinolytic factors 
based on their molecular weight in both groups. The quotient of the measured 
and predicted ratios show that for every procoagulant- and fibrinolytic antigen 
the measured D/P ratio was significantly higher than the predicted one based on 
molecular weight (pO.001). 
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Table 3. 
The predicted D/P ratios of TAT, PAI-1, t-PA, PAP and DD (percentage) based on 
molecular weight, during peritonitis (Group A) and during stable peritoneal dialysis (Group 
B). The quotients of the measured and predicted ratios are tested using a modified t-test (5). 

TAT 

PAI-1 

t-PA 

PAP 

DD 

Predicted 
Ratio 
Group A 

3.2 
(1.1,14.6) 

7.3 
(3.7,23.4) 

5.7 
(2.6,20.4) 

2.8 
(0.9,13.4) 

2.4 
(0.7,12.3) 

Quotient 
measured/ 
predicted D/P ratio 

8.1 
(5.8,46.7) 

9.3 
(3.1,30.3) 

5.8 
(1.1,9.3) 

12.6 
(1.9,31.6) 

5.9 
(0.8,13.2) 

Predicted 
ratio 
Group Β 

1.9 
(1.2,5.2) 

4.4 
(2.8,11.1) 

3.5 
(2.2, 8.9) 

1.6 
(1-0,4.6) 

1.4 
(0.8, 4.0) 

Quotient 
measured/ 
predicted D/P ratio 

13.1 
(3.2,19.0) 

5.4 
(1.9,11.6) 

8.1 
(2.7,17.5) 

23.4 
(8.4,52.1) 

21.6 
(5.6,35.8) 

Values are expressed as median and reference intervals (S"' and 95lh percentiles) are shown. 
For every procoagulant- and fibrinolytic factor the measured D/P ratio was significantly 
higher than the predicted D/P ratio (pO.001). 

Discussion 

Intraperitoneal hypercoagulation and fibrinolysis takes place in our patients as 
shown by the significantly higher D/P ratios of TAT, PAI-1, t-PA, PAP and 
D-dimer than expected on the basis of their molecular weight. These results 
exclude the possibility that the high concentrations of coagulation- and 
fibrinolysis-related factors in the dialysate are mainly the result of transport 
from plasma into the peritoneal cavity as shown for other factors (1,5). 
During peritonitis hypercoagulation appears even more marked as illustrated 
by a significantly higher D/P ratio of TAT in our study group compared to the 
control group. Simultaneously fibrinolysis is considerably impaired in the 
peritonitis group compared to stable peritoneal dialysis as shown by a 
significantly decreased D/P ratio of PAP, leading to a significantly decreased 
D/P ratio of D-dimer. This hypofibrinolysis is caused by a higher 
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intraperitoneal production of PAI-1 during peritonitis as shown by an 
increased D/P ratio of PAI-1. The D/P ratio of t-PA is also decreased during 
peritonitis but this result is not significant. These results are in agreement with 
the reported imbalance between intraperitoneal coagulation and fibrinolyis 
during peritonitis in the literature (1,2). 
In our study the plasma concentrations of TAT, PAI-1 and DD do not differ 
between stable peritoneal dialysis and peritonitis. In both groups they are in 
the normal range for the reference values, except for a slightly higher PAI-1 
plasma concentration in Group A. We could not confirm the increased TAT 
and DD serum levels that both Goedde et al. (1) and Gries et al. (3) have 
found in their patients on stable peritoneal dialysis. 
The imbalance between intraperitoneal coagulation and fibrinolysis can 
explain the visible fibrin clots, which appear more marked during peritonitis 
and may obstruct the peritoneal catheter. The mechanism of impaired 
fibrinolysis during peritonitis may be explained by the elegant studies of 
Holmdahl (6). He showed that t-PA is under normal conditions present in the 
mesothelium and substantially reduced in inflammation. PAI-1 is present in 
both mesothelium and submesothelial capillary vascular walls and its 
expression is intensified and widely distributed in the submesothelial tissue 
during peritonitis. 
Heparin, by increasing the conjugation rate of antithrombin III with thrombin, 
and thereby inactivating the effect of thrombin, might prevent fibrin 
formation (7,8). Addition of 500 U heparin per liter of dialysate is shown to 
be sufficient to inhibit intraperitoneal fibrin formation without a systemic 
anticoagulant effect (9,10). Recently Nadig et al. (8) concluded from their 
studies that heparinization is effective in patients with low D-dimer levels in 
dialysate at times of peritonitis. 
Fibrinolytic therapy with Urokinase can be applied when the fibrin deposits 
have already caused catheter obstruction (11). In six out of eight patients in 
which we measured local production of D-dimer in the peritoneal catheter 
after Urokinase therapy we found a rise of D-dimer pointing towards 
enhanced fibrin degradation (unpublished data). 
In summary, our results show that in children both in stable peritoneal dialysis 
and during peritonitis, TAT, PAI-1, t-PA, PAP and D-dimer are produced 
intraperitoneally. During peritonitis in children hypercoagulation and 
hypofibrinolysis occurs compared to stable peritoneal dialysis which may 
contribute to fibrin deposits and subsequent obstruction of the peritoneal 
catheter. 
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Appendix 

For each individual k, let: 
W, be the molecular weight of non procoagulant- and fibrinolytic factor i; 
W rbe the molecular weight of procoagulant- and fibrinolytic factor f; 
R, be the measured D/P ratio of non procoagulant- and fibrinolytic factor i; 
Rr be the measured D/P ratio of procoagulant- and fibrinolytic factor f. 

Out of η individuals, for each individual k, the regression line of log^tR] and 
logio[W] was fitted: Y=a+bX) where Y=log1o[R] and X=log1o[W]. The 
regression line was based on nk complete pairs of measurements 
(log.oEWJ.log.oER,]). 

Let Xr be log,o[Wr], X, be log.otW,], Yf

m be the measured log10[Rr], Yf

p be the 
predicted log^RJ, and df = Yf

m - Yf

p. 
The variance of Yr

m is assumed to be the same for all procoagulant- and 
fibrinolytic factors and equal to 2, the variance in the determination of the non 
procoagulant- and fibrinolytic factors. The variance of Υ/" can be calculated 
with the following formula (12): 

a2 [—+( x f-Yk)/^ x.-Yitf ] 

Let Xf be the mean logio[W] of the non procoagulant- and fibrinolytic factors 
of individual k, then the variance of dr is the sum of the variances of Yf

m and 
Yfp: 

a2 [! + - + ( Xr~X~k)/Z,(X,-~Xk)2] 

Let df = —^N^idkf, the mean of all individual df, then 

var(d~f) =—ÎNk-ivar(dkf)· Then L^- has a t-distribution with j!i,idfk 

N2 SE(df) 

degrees of freedom where SE(df)is an estimation for -Jvär(df)obtained by 

estimating2 with the pooled mean squared error and where dfk = nk_2. 
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Abstract 

Icodextrin use in adults provides sustained ultrafiltration (UF) in long-term 
dwells. No information is available on UF profiles and metabolism in children. 
The study group consisted of 11 children. A volume of 1049 ± 138 ml/m2 of 
the study fluid (1.36 % glucose, icodextrin 7.5 %, 3.86 % glucose) was 
administered for 12 h. Net UF with icodextrin 7.5 % (339 ± 147 ml/1.73 m2) 
did not differ from UF with 3.86 % glucose (450 ± 306 ml/1.73 m2;p=0.53), 
and was higher than UF with 1.36 % glucose (-87 ± 239 ml/1.73 m2 ;p=0.003). 
Using icodextrin 7.5 % for daytime dwell added 0.52 ± 0.07 to weekly Kt/V. 
During 6 weeks, icodextrin 7.5 % was used for 12-h daytime dwell. Plasma 
samples for total icodextrin and its metabolites were taken during the study. At 
start, no icodextrin or metabolites were detectable. Total icodextrin rose to a 
steady-state level of 2.91 ± 1.22 g/1 at 2 weeks. Main icodextrin metabolites are 
maltose (G2), maltotriose (G3) and maltotetraose (G4). After two weeks, levels 
rose to a steady state level of respectively 2.02 ± 0.66 mmol/1, 1.46 ± 0.35 
mmol/1 and 0.45 ±0.12 mmol/1. No icodextrin or metabolites were detectable 
4 weeks after completion of the study. We conclude that net UF is sustained 
with icodextrin 7.5 % during long-term dwell in children, and comparable to 
UF obtained with 3.86 % glucose. Steady-state levels of icodextrin and 
metabolites were reached at 2 weeks, remained stable during the study, and 
disappeared after stopping treatment. 



ICODEXTRIN 117 

Introduction 

Glucose has been used as osmotic agent for peritoneal dialysis both in adults 
and children for many years. These solutions exert their effect on fluid 
transport across the peritoneal membrane by crystalloid osmosis(l). Absorption 
of glucose across the peritoneal membrane leads to dissipation of the osmotic 
gradient and to short duration of ultrafiltration (2). So, to achieve sufficient 
ultrafiltration during long-term dwells, hyperosmolar glucose solutions are 
necessary. The use of glucose is associated with metabolic disadvantages 
(obesity, hyperlipidemia, and hyperinsulinemia), may cause diabetiform 
vascular changes in the microcirculation (3,4) and can have detrimental effects 
on the peritoneal macrophages and mesothelial cells (5,6). 
These disadvantages have stimulated the search for alternative, less toxic 
osmotic agents. Peritoneal dialysis solutions containing glucose polymers are 
not hypertonic and exert their effect on fluid withdrawal from the blood by a 
mechanism known as colloid osmosis (1,7,8). During the last decade, 
experience with a commercially available isosmolar glucose polymer solution, 
icodextrin 7.5 % (Baxter Inc., Deerfield, IL, USA) in adults has shown that 
ultrafiltration is comparable to 3.86 % glucose solutions during 12 hour dwell 
(9). Icodextrin absorption was 20 %. After absorption into the blood, icodextrin 
is hydrolyzed by -amylase to oligosaccharides, such as maltose, maltotriose, 
and maltotetraose (10). Steady-state levels of icodextrin and metabolites are 
established in 7-10 days, remain stable during use of icodextrin for long-term 
dwells and fall back to pretreatment level after stopping treatment in 7-10 days 
(9-11). 
No information is yet available on ultrafiltration profiles and metabolism of 
icodextrin in children on peritoneal dialysis. We therefore designed a study to 
compare net ultrafiltration profiles with icodextrin 7.5 % during long-term 
dwell to ultrafiltration profiles with 1.36 % and 3.86 % glucose solutions. In 
a second study, we measured the absorption and metabolism of icodextrin in 
serum after clinical use of icodextrin 7.5 % during long-term dwell for a total 
period of 6 weeks. 

Patients and methods 

Patients 
The study group consisted of eleven children (7 boys and 4 girls) with a 
median age of 10.3 years (range 2.8 - 15.5 years). The median duration of 
peritoneal dialysis was 7.2 months (range 1.0 - 122.3 months). Underlying 
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renal disease in the patients were posterior urethral valves (4), renal dysplasia 
(2), congenital nephrotic syndrome, focal glomerulosclerosis, Henoch-
Schönlein nephritis, reflux nephropathy and anti GBM glomerulonephritis. 

Methods 
During the studies, all patients were at night on their regular nightly 
intermittent peritoneal dialysis prescription. A mean (± SD) intraperitoneal 
volume of 1049 ±138 ml/m2 Body Surface Area (BS A), of the study fluid was 
installed during the 12 hour daytime dwell. BSA was calculated using the 
Haycock-formula (12). On day 1 and 2, 1.36 % glucose solution was used; on 
day 3 and 4, icodextrin 7.5 % and on day 5 and 6, 3.86 % glucose solution (all 
Baxter Inc., Deerfield, IL, USA). After complete drainage, outflow volumes 
were recorded. Dialysate and blood samples were drawn for measurement of 
urea. Kt/V urea for icodextrin was calculated according to Keshaviah and 
Nolph (13). The distribution volume (V) was calculated using the formula for 
pediatric patients by Friis-Hansen (14). 
After completion of the first study, icodextrin 7.5 % was used for the 12-hour 
daytime dwell for 6 weeks. This study was completed in 9 patients. Blood 
samples for total icodextrin and metabolites were drawn at the start of the 
study, after two weeks, at the end of the study at 6 weeks and 4 weeks after 
completing the study. All samples were stored at -80 0C until assayed. 
Icodextrin metabolites were separated using high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD). Area under 
the curve for different metabolites was calculated and calibrated against 
standard solutions (0, 1.0, 5.0 and 10.0 mg/1) using a quadratic regression 
model. The samples for measurements of total icodextrin were chemically 
hydrolyzed with hydrochloric acid for two hours at 100 degrees Celcius after 
deproteinization with perchloric acid (6% v/v). In this way, all icodextrin and 
metabolites are converted to glucose. Total glucose was analyzed with an 
automated analyzer (Hitachi 747, Roche, Basel, Switzerland). The icodextrin 
concentration was then analyzed as total glucose minus glucose derived from 
metabolites and minus glucose (glucose oxidase method) in blood and 
calculated in g/1 icodextrin against 4 icodextrin standard solutions (0, 0.9, 2.3, 
4.5 and 9.0 g/1) using quadratic regression. The protocols were approved by the 
committee of medical ethics of the University Hospital of Nijmegen and 
Utrecht and informed consent of the parents was obtained. 

Statistical analysis 
Results are expressed as mean ± SD. Statistical comparisons were performed 
using the Wilcoxon matched-pairs rank test. Any ρ values less than 0.05 were 
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considered significant. 

Results 

Ultrafiltration (UF) volumes of the different test solutions are shown in Table 
1. Net UF volumes during the 12-hour dwell with icodextrin 7.5 % were 
comparable to net UF with 3.86 % glucose solution and significantly higher 
than net UF with 1.36 % glucose solution. In the 11 patients studied, Kt/V urea 
for the 12-hour icodextrin 7.5 % dwells was calculated. Daily use of icodextrin 
7.5 % for daytime dwell has added 0.52 ± 0.07 to weekly Kt/V. 

Study fluid 

1.36 % glucose 

Icodextrin 7.5 % 

3.86 % glucose 

Ultrafiltration 

-87 ± 239 

339 ±147 

450 ±306 

Table 1. 
Net ultrafiltration volumes (ml/1.73 m2) during 12 hour dwells with the different study fluids. 

Total icodextrin levels during the study period are shown in Figure 1. At the 
start of the study, no icodextrin was detectable in serum. After two weeks of 
icodextrin treatment, serum levels of icodextrin increased to 2.91 ± 1.22 g/1. 
Total icodextrin levels were not significantly different after six weeks of 
treatment: 2.50 ± 1.32 g/1 (p=0.23). Four weeks after completion of the study, 
icodextrin was not detectable anymore in blood. Main metabolites of icodextrin 
were maltose, maltotriose and maltotetraose. 
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Figure 1. Serum levels of total icodextnn (g/1) ± 1 SD during the study period. 

Figure 2 shows serum levels of these metabolites during the study period. At the 
start of the study, there were no icodextrin metabolites detectable. Maltose 
levels increased to respectively 2.02 ± 0.66 mmol/1 after two weeks and did not 
increase significantly thereafter: 2.26 ± 0.73 mmol/1 (p=0.07). Maltotriose 
levels increased to 1.46 ± 0.35 mmol/1 at 2 weeks, and 1.39 ± 0.64 mmol/1 at 6 
weeks (p=0.67). Maltotetraose levels increased to respectively 0.45 ± 0.12 
mmol/1 and 0.42 ±0.15 mmol/1, two and six weeks after use of icodextrin 
(p=0.29). Maltose, maltotriose and maltotetraose were not detectable in blood 
4 weeks after completion of the study. One patient showed a temporary rash 
during icodextrin use. 



ICODEXTRIN 121 

O 

S 

e 
o 

• ρ* 
•<-» 

et 

a 
υ 
u 
e 
ο 
u 

0 8 10 

duration (wks) 

Figure 2. 
Serum levels of maltose (G2; open squares), maltotriose (G3; closed squares) and 
maltotetraose (G4; open triangles) during the study period (in mmol/1) ± 1 SD. 

Discussion 

In this study we could demonstrate that icodextnn 7.5 % is capable of inducing 
sustained net ultrafiltration during long term dwell in children. Net UF volumes 
during 12 hour dwell with icodextnn 7.5 % in children are comparable to net 
UF volumes with 3.86 % glucose solutions, as is shown in adults in the MIDAS 
study by Mistry et al (9). As expected, both net UF volumes with icodextnn 7.5 
% and 3.86 % glucose solutions are significantly higher than net UF volumes 
with 1.36 % glucose solution. The mean net UF volumes we found with 
icodextrin 7.5 % (339 ml) and 3.86 % glucose solution (450 ml) are, although 
slightly lower for icodextrin, in the range of those Mistry et al reported at 12 
hours: 552 ml for icodextrin 7.5 %, and 414 ml for 3.86 % glucose solution. It 
must be stressed however that Mistry's results are not corrected for body surface 
area. 
Dialysis adequacy with icodextrin 7.5 % in adults has been studied as dialysate 
creatinine clearance in a prospective study by Posthuma et al (11). They 
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showed an improvement of 24-h-dialysate creatinine clearance of about 20 % 
(although exact data were not given) from base line in patients using icodextnn 
for long term daytime dwell compared to conventional glucose solutions. 
Recently, Woodrow et al ( 16) desenbed Kt/V values for icodextnn use for 
daytime dwell in APD patients. Daily use of icodextrin added 17 % to weekly 
total dialytic Kt/V. Our results show that daily use of icodextnn 7.5 % for long 
term dwell, might improve weekly KT/V by 0.52. This adds significantly (23 
%) to the mean weekly KT/V of 2.31 we found in our peritoneal dialysis 
program (17). 
The clinical studies have shown that 20 % of icodextnn is absorbed (9). The 
absorbed icodextnn is rapidly metabolized by amylase, for which its -1,4 
linking bonds are a prime substrate (18). Main metabolites in serum, as shown 
by Posthuma et al (15) are maltose, maltotnose and maltotetraose. In our study 
group of 9 children these ohgosacchandes were also the main metabolites of 
icodextnn found in blood but also maltopentaose, maltohexaose and 
maltoheptaose were detected. In most adult studies, the method for determining 
icodextnn metabolites has been gel-permeation chromatography with an 
automatic carbohydrate analyzer and an orcinol/sulphunc system (7,9,15). 
Using this method, Posthuma et al (15) found at 3 months treatment, maltose 
serum levels of 3.2 mmol/1, maltotnose levels of 1.8 mmol/1 and maltotetraose 
levels of 0.4 mmol/1. We used a method desenbed for polyglucose metabolites 
determination in plasma by Burke et al (19) using high-performance amon-
exchange chromatography with pulsed amperometnc detection. The differences 
of serum icodextnn metabolite levels we found in children at 6 weeks (maltose 
2.3 mmol/1, maltotnose 1.4 mmol/1 and maltotetraose 0.4 mmol/1) might be 
related to the different techniques used. Burke et al ( 19) desenbed results from 
adult patients administered icodextnn for 4 weeks. Taking into account the 
molecular weight of the metabolites (maltose 342.3 Dalton, maltotnose 504.4 
Dalton, and maltotetraose 666.6 Dalton) he found higher maltose levels of 3.5 
mmol/1, maltotnose levels of 2.4 mmol/1 and maltotetraose levels of 0.6 
mmol/1. So, when we compare children to adults, metabolism of icodextrin in 
children occurs at a rate similar to that in adults. 
Mistry et al (9) found total icodextnn ("icodextnn and its metabolites") levels 
of 4.87 ±0.17 g/1 in 8 hour dwells, which remained stable during their study 
period of 6 months. Total carbohydrate onginating from icodextnn load minus 
blood glucose was found in the study by Posthuma et al (15) to be 5.04 ± 0.49 
g/1 in 14 - 16 hour dwells. Glucose levels coming from icodextnn metabolites 
m these studies were not subtracted, whereas we measured true total icodextnn 
with correction from the contribution of carbohydrates from icodextnn 
metabolites and the onginal blood glucose concentration. The levels we found 
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are therefore lower, 2.91 ± 1.22 g/1, than the levels described earlier in adults 
A recently described side effect of icodextnn, the overestimation of glycemia 
by a glucose analyzer based on a glucose dehydrogenase enzymatic reaction 
(20) is not seen in our patients since we used a glucose oxidase method. 
As with icodextnn metabolites, total icodextnn levels disappear after stopping 
treatment, as is shown in adults (10) 
In the MIDAS-study, the patients using icodextnn reported an improved 
symptom profile and at the end of the study 72 % of the patients opted to 
continue with the daily use of icodextnn (9) Up till 1998, over 600 patient 
years expenence with icodextnn has been published (2), both in CAPD and 
CCPD Although it is generally well tolerated, in some cases hypersensitivity 
reactions are described in patients using icodextnn 7.5 % (21-24) A clinical 
side effect, rash, was seen in one patient in our experience with icodextnn 7 5 
% in 11 children. 
We conclude that net ultrafiltration is sustained with icodextnn 7.5 % dunng 
long term dwell in children, and comparable to net UF obtained with 3 86 % 
glucose solution Daily use of icodextnn 7.5 % during long term dwell for 6 
weeks, shows an increase in serum levels of total icodextnn and its main 
metabolites, maltose, maltotnose and maltotetraose, which disappear after 
stopping treatment. We therefore think that the use of icodextnn 7.5 % is 
shown to be sufficiently safe in children and useful for long term daytime 
dwell. Peritoneal transport characteristics of icodextnn, including fluid 
kinetics, have been studied by Krediet's group (1). Additional studies are now 
m progress in our patients to study transcapillary ultrafiltration and lymphatic 
absorption in children using icodextnn 7.5 %. 
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EXTENSIVE SUMMARY 

This thesis presents the results of several clinical studies in children treated 
for end stage renal disease with peritoneal dialysis. Different transport 
characteristics of the peritoneal membrane are studied including fluid 
kinetics, solute transport and the transport of intraperitoneal markers. The 
first clinical experience with icodextrin in children is presented. 

Chapter 1 gives a general overview of the current concepts in 
peritoneal transport. The concept of an overall peritoneal membrane being 
responsible for transperitoneal transport of fluid and solutes oversimplifies 
the underlying physiological mechanisms. This complex structure consists of 
at least three anatomical layers, the peritoneal capillary wall, the interstitium 
and the mesothelium, all with their own characteristics of and barriers to 
fluid and solute transport (1). The colloid-rich areas in the interstitial matrix 
retard the diffusion of solutes from the blood to the dialysis fluid. The inter
stitium also alters the pressure environment of the blood capillaries and has 
profound effects on water transport, causing fluid loss from the cavity to the 
body during dialysis (2,3). Due to large intercellular pores the mesothelium 
is not an important transport barrier during peritoneal dialysis as is proven by 
the absent relationship between dialysate CA 125 (a marker of mesothelial 
cell mass) and transport characteristics of the peritoneum in stable adult 
patients on peritoneal dialysis (4). The peritoneal capillary endothelium is 
the main transport barrier during peritoneal dialysis. The transport of fluid 
and solutes across the continuous capillary walls is described by a three-pore 
model (5). A large number of small pores with radii of 40-50 Λ are involved 
in the transport of fluid and low molecular weight solutes next to a few large 
pores (radii of 200-300 Â) allowing the transport of macromolecules. 
Aquaporin-1 is probably the morphological equivalent of the transcellular 
ultrasmall pores (radii 4-5 À) responsible for water-only transport across the 
endothelial cells of peritoneal capillaries (6). The identification of markers in 
peritoneal dialysate reflects the status of the various tissues in the peritoneal 
membrane and the current knowledge on mesothelial, endothelial and inter
stitial markers is discussed briefly in chapter 1 (7). Some of the mesothelial 
cell markers reflecting the role of the peritoneum in maintaining the hemo
static balance in the peritoneal cavity are described more extensively. 
When peritoneal transport characteristics in patients on peritoneal dialysis 
are studied it is important to use standardized methods to compare results 
between adults and children of different ages. The surface area of the perito
neal membrane is related to the body surface area (8). The importance of 
adjusting intraperitoneal volumes to body surface area (BSA) to study fluid 
kinetics and the effect of intraperitoneal pressure on these fluid kinetics is 
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described in chapter 1. Follow up studies on fluid kinetics show loss of net 
ultrafiltration as the most found alteration in long-term peritoneal dialysis in 
adults, which may occur after the fourth year of treatment (9). Long term 
peritoneal dialysis with conventional glucose based dialysis fluids may cause 
diabetiform vascular changes in peritoneal capillary vessels (10). One of the 
alternative osmotic agents that have been developed is polyglucose. 
Polyglucose based dialysis fluids, like icodextrin, are hypo- or isotonic to 
blood and induce transcapillary ultrafiltration because of their ability to 
induce colloid osmosis (11). The development, metabolism, clinical 
experience and transport characteristics of icodextrin as studied in adults are 
described in chapter 1. 

In chapter 2 fluid kinetics in children on peritoneal dialysis were 
studied using an intraperitoneal volume of 1200 ml/m2 BS A and compared 
to fluid kinetics with an intraperitoneal volume of 40 ml/kg body weight. 
Peritoneal equilibration tests were performed with 3.86 % glucose solution 
using Dextran 70 as a volume marker. Transcapillary ultrafiltration (TCUF) 
and marker clearance (MC), as a reflection of lymphatic absorption, were 
calculated (12). Cumulative TCUF during the 4-hour dwell was 935 ± 202 
ml/1.73 m2 in the group of children with 1200 ml/m2, which was not signifi
cantly different from TCUF with an intraperitoneal volume of 40 ml/kg (823 
± 226 ml/1.73 m2). In the group of PETs with 40 ml/kg a positive correlation 
was found between age and cumulative TCUF, whereas this correlation 
disappeared when intraperitoneal volumes adjusted to BSA (1200 ml/m2) 
were applied. Cumulative MC during the 4-hour dwell was not significantly 
different in both groups and there was no correlation in either groups 
between age and MC. In conclusion, fluid kinetics are independent of age in 
children older than 3 years when intraperitoneal volumes are prescribed 
related to BSA. 

In chapter 3 a follow-up study of peritoneal fluid kinetics in infants 
and children on peritoneal dialysis was performed. PETs were performed as 
described in chapter 2 and intraperitoneal volumes of 1200 ml/m2 were used 
in each test. Twenty children with serial PETs (1-4) could be studied 
between 1-3 months after start of peritoneal dialysis up to 26-33 months of 
treatment. Although there was a trend in decreasing TCUF (median 1041 
ml/1.73 m2at 1-3 months vs. 756 ml/1.73 m2at 26-33 months of treatment) 
and increasing MC (median 311 ml/1.73 m2 at 1-3 months vs. 509 ml/1.73 
m2 at 26-33 months of treatment), these fluid kinetics did not change signifi
cantly in children > 2.5 years during the observation period. Hydrostatic 
intraperitoneal pressure did not change in the children where studied. No 
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significant differences in peritoneal transport of creatinine and glucose 
during the study period were seen. 
Additionally, fluid kinetics of five young children < 2.5 years could be 
studied at a median time point of 5.8 months after initiation of peritoneal 
dialysis. Cumulative TCUF and MC in these children < 2.5 years were not 
different compared to older children (as described in chapter 2). Even in 
small children, PET results regarding fluid kinetics are not different from 
children or adults when intraperitoneal volumes of 1200 ml/m2 are used. 

In chapter 4 the bioavailability of intraperitoneal erythropoietin for 
the treatment of renal anemia by administration in small dialysis bags was 
studied. The transport of macromolecules from the peritoneal cavity to the 
blood by lymphatic absorption makes it possible to apply intraperitoneal 
administration of drugs. In a previous study resorption of intraperitoneally 
(IP) administered erythropoietin, measured as area under the curve, was 
similar to resorption after subcutaneous administration if erythropoietin was 
administered IP in 50 ml of dialysate (13). In the present prospective study 
10 children were treated with erythropoietin administered IP in a specially 
designed dialysis bag containing 50 ml NaCl 0.9 %. Four patients had not 
been treated with erythropoietin before (Group A) and 6 had been treated 
with erythropoietin administered IP in 250 ml of dialysis fluid (Group B). 
Weekly erythropoietin dose in relation to desired hemoglobin level (6.5-7.0 
mmol/1) decreased from 266 to 234 U/kg/week after 6 months of treatment in 
Group A. In Group Β weekly erythropoietin dose decreased from 262 to 194 
U/kg/week. Median cumulative erythropoietin dose decreased by 17 % from 
the 3-month period prior to the start of the study to the 3-month period 
starting 6 months after the beginning of the study (p< 0.05). Administration 
of IP erythropoietin in small dialysis bags increased the bioavailability of 
erythropoietin and thereby decreased the required dose. 

In Part II the function of the peritoneal membrane regarding peritoneal 
protein transport and its role in fibrinolysis was studied. Chapter 5 describes 
peritoneal protein transport in children with the nephrotic syndrome during 
peritoneal dialysis. The passage of proteins across the glomerular filtration 
barrier is mainly determined by the size of the protein. In the nephrotic 
syndrome the glomerular permselectivity is affected, causing proteinuria. 
The permeability characteristics of the peritoneal basement membrane in 
children with nephrotic syndrome are not known. The transperitoneal trans
port of proteins with a different molecular weight ^-microglobulin MW 
11.800 D, albumin MW 69.000 D, IgG MW 160.000 D and a2-macroglobu-
lin MW 820.000 D) was studied in 6 children with nephrotic syndrome 
(glomerulosclerosis, congenital nephrotic syndrome and mesangial sclerosis) 
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and compared to 8 stable children on peritoneal dialysis. Dialysate to plasma 
(D/P) ratios of the different proteins were plotted against molecular weight 
in all patients. In all patients a linear relationship between molecular weight 
and D/P ratio of the proteins was obtained. No differences in D/P ratios 
between the nephrotic and non-nephrotic children were found. The size 
selectivity of the capillary permeability is not affected in the peritoneal 
membrane in children with nephrotic syndrome due to glomerulosclerosis 
and congenital nephrotic syndrome. The effect of electric charge on trans
peritoneal transport of plasma proteins was not studied, since in adult 
patients on CAPD no effect of charge on transperitoneal clearances of 
proteins was seen (14). 

The role of the fibrinolytic system in childhood peritonitis is studied in 
chapter 6. Plasminogen activator inhibitor type 1 antigen (PAI-1), tissue-type 
plasminogen activator antigen (t-PA), D-dimer (DD), plasminogen-a2-anti-
plasmin complexes (PAP) were studied in both plasma and dialysate in 
children with peritonitis and during stable peritoneal dialysis in order to 
investigate the role of the fibrinolytic system. Thrombin-antithrombin III 
complexes (TAT) were measured as markers for ongoing coagulation. The 
transperitoneal clearances for albumin, ß2-microglobulin, IgG and 012-
macroglobulin were measured as markers for baseline transperitoneal trans
port. After a dwell of 6 hours with 1.36 % glucose solution, dialysate and 
serum samples were collected and D/P ratios of all proteins were calculated. 
In all patients D/P ratios of the measured procoagulant and fibrinolytic 
factors were higher than expected on the basis of their molecular weight. 
This pointed to intraperitoneal production of the various factors and 
excluded the possibility that the high concentrations of coagulation- and 
fibrinolysis-related factors were mainly the result of transport from plasma 
into the peritoneal cavity. During peritonitis hypercoagulation appeared 
compared to the control situation, as illustrated by a significantly higher D/P 
ratio of TAT. Simultaneously, fibrinolysis is considerably impaired during 
peritonitis as shown by a significantly decreased D/P ratio of PAP, leading to 
a significantly decreased D/P ratio of DD. This hypofibrinolysis was caused 
by a higher intraperitoneal production of PAI-1 during peritonitis, as shown 
by an increased D/P ratio of PAI-1. Although t-PA was decreased during 
peritonitis, pointing^ towards impaired fibrinolysis, these results were not 
significantly different. Hyercoagulation and hypofibrinolysis were present 
during peritonitis compared with the control situation. This might explain the 
increased occurrence of obstruction of peritoneal dialysis catheters by visible 
fibrin cloths during peritonitis. 
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In chapter 7 the clinical experience in children with icodextrin 7.5 % is 
described. Icodextrin use in adults provides sustained ultrafiltration in long-
term dwell (15). Ultrafiltration (UF) profiles during 12-hour dwells with 
icodextrin 7.5 % were studied in 11 children on peritoneal dialysis. Net UF 
volumes with icodextrin 7.5 % (339 ± 147 ml/1.73 m2) in children were 
comparable to net UF volumes with 3.86 % glucose solutions (450 ± 306 
ml/1.73 m2) and significantly higher than net UF volumes with 1.36 % 
glucose solution (-87 ± 239 ml/1.73 m2). Daily use of icodextrin added 0.52 
± 0.07 to weekly total dialytic Kt/V, whereas an earlier report found a total 
weekly Kt/V of 2.3 in our peritoneal dialysis program (16). The absorption 
and metabolism of icodextrin in blood after clinical use of icodextrin 7.5 % 
during long-term dwell for 6 weeks could be studied in 9 patients. Serum 
samples for total icodextrin and metabolites were taken during the study. 
Icodextrin metabolites were separated using high performance anion-
exchange with pulsed amperometric detection (17). At the start of the study, 
no icodextrin or metabolites were detectable. Total icodextrin rose to a 
steady-state level of 2.91 ± 1.22 g/1 at 2 weeks. Main metabolites of 
icodextrin are maltose, maltotriose and maltotetraose, as was found in adults 
(18). After two weeks, levels rose to a steady state level of respectively 2.02 
± 0.66 mmol/1, 1.46 ± 0.35 mmol/1 and 0.45 ± 0.12 mmol/1. No icodextrin or 
metabolites were detectable 4 weeks after completion of the study. It was 
concluded that ultrafiltration is sustained with icodextrin 7.5 % and compa
rable to UF with 3.86 % glucose solution. Daily use of icodextrin 7.5 % 
during long-term dwell for 6 weeks has been shown sufficiently safe 
regarding absorption and metabolism. 

PERSPECTIVES FOR THE FUTURE 

Since the introduction of peritoneal dialysis in children in 1979, the 
technique has become the predominant dialytic modality for children with 
end-stage renal disease (19). According to the 1995 North American 
Pediatric Renal Transplant Cooperative Study report, the overall distribution 
of the various dialytic modalities was peritoneal dialysis 63.3 %, and hemo
dialysis 36.7 % (20). In Europe the EDTA registry reported similar results in 
1994: 66 % of the children < 15 years were treated with peritoneal dialysis 
compared to 34 % with hemodialysis (21). The latest results from RENINE, 
the Renal Replacement Registry Netherlands, on January 1, 1999 showed 
that 59 % of the children < 15 years were on peritoneal dialysis and 41 % 
were on hemodialysis as renal replacement therapy. 
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The last decade a number of reports showed peritoneal dialysis to be feasible 
and safe even in infants and neonates (22-26). Peritoneal dialysis can be 
performed either as continuous ambulatory peritoneal dialysis (CAPD) or 
delivered as one of several automated therapies with a cycler, like nightly 
intermittent peritoneal dialysis (NIPD) where the abdominal cavity is empty 
during the daytime dwell, or continuous cyclic peritoneal dialysis (CCPD). 
Clinical trends globally show a pronounced increase in the use of Automated 
Peritoneal Dialysis (APD) over CAPD the last years (20,27,28). In the 
pediatric peritoneal dialysis programs in Nijmegen and Utrecht all patients 
are treated with APD, none with CAPD anymore. The distinct features of 
both modalities, CAPD and APD, may have significant impact on different 
aspects of the treatment (29). 
Due to the use of larger absolute volumes of PD fluid in APD, dialysis 
adequacy determined by weekly clearance of urea corrected for the distribu
tion volume (Kt/V), has the potential to deliver more clearance in APD than 
in CAPD. But, on the other hand, the intermittent nature of NIPD may 
impair dialysis adequacy. Therefore target clearances for APD are slightly 
higher than for CAPD, although these targets do not seem to be met in many 
adults (30). The recommendations of the National Kidney Foundation's 
Dialysis Outcome Quality Initiative (DOQI) Clinical Practice Guidelines in 
adults are a Kt/V of 2.1 per week and total creatinine clearance of 63 L per 
week in CCPD, and respectively 2.2 and 66 L per week in NIPD (31). The 
two major indicators of adequacy, Kt/V and creatinine clearance often do not 
correlate in the clinical practice, as is shown in adults where in 23 % of the 
patients discrepancy existed measured as either Kt/V or creatinine clearance 
(but not both) above the accepted targets (32). A number of factors affect the 
two measurements to varying degrees, including weight, degree of residual 
function, and duration of peritoneal dialysis. The discussion in the literature 
on which dialysis adequacy parameter is best is still continuing. Three out of 
the six papers published since 1998 in adults on this topic appreciate Kt/V 
urea as the most appropriate tool (33-35), whereas the remaining do not 
express a favorite (31,36,37). To achieve sufficient dialysis adequacy, most 
adult patients on NIPD require the use of extra daytime dwells. The use of 
short dwells in APD makes this technique the preferred modality in high or 
high-average transporters, since the rapid uptake of glucose from the 
dialysate causes loss of ultrafiltration in longer dwells. As is seen in children, 
the use of a short dwell time in APD might limit creatinine purification 
despite adequate urea purification (38). Clinical judgement suggests that the 
target dose for children should meet or exceed the adult target dose. There 
are no definitive outcome data in pediatrics to suggest that any measure of 
dialysis adequacy is predictive of well being, morbidity or mortality (31). 
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It is therefore important in the clinical practice to perform calculation of urea 
and creatinine kinetics regularly, and to relate these adequacy parameters to 
the patient's clinical condition, to prescribe an optimal individualized therapy 
for each patient. Further studies are needed in children to relate parameters 
measuring dialysis adequacy (urea kinetic modeling and creatinine 
clearance) to clinical well being and outcome in children on any form of 
peritoneal dialysis. 
A period of time free from dialytic procedures is a feature with different 
impacts on the various dialysis modalities used. CAPD and APD have 
reversed periods of freedom, CAPD at night and APD during the day. 
"Frequency of draining the dialysate" and "draining the abdomen" are well-
known parental stress factors in peritoneal dialysis treatment (39). The fewer 
technical procedures and longer spare time during the day in APD is likely to 
be less stressful for the family and gives the child more freedom to attend 
normal daytime activities. An "empty" abdomen during the day in APD may 
benefit the eating disorders seen in children treated with CAPD because of a 
distended abdomen during the day. 
Intraperitoneal (IP) administration of drugs like erythropoietin during the 
long daytime dwell in children on APD should be a mode of delivery. The 
experience with IP growth hormone is still limited, but shows good absorp
tion with resultant adequate serum levels (40) and (in a preliminary study) 
improved height SDS in young children (41). Further pharmacokinetic 
studies are needed to compare the IP administration and follow-up of growth 
hormone in small bags to conventional subcutaneous administration in 
peritoneal dialysis patients. Avoiding as much painful procedures as possible 
in children on peritoneal dialysis should remain an important goal for the 
daily clinical practice. 
Preservation of the peritoneal membrane as a dialysis membrane is an 
important goal in treating patients on peritoneal dialysis. Ultrafiltration 
failure is a well-known complication of long-term peritoneal dialysis in 
adults, which might be caused by impaired transcellular water transport (42). 
Deficient sieving of sodium as assessed by the absence of a decreased D/P 
ratio of sodium after one hour of a hypertonic dwell is a simple method to 
study ultrafiltration failure (42). Studies on sodium sieving in children are 
needed to evaluate the method and to identify children prone for ultrafiltra
tion failure early. 
The composition of the most widely used peritoneal dialysis solutions is still 
from ideal in children. The low sodium concentration of 132 mmol/1 causes 
loss of sodium with the ultrafiltrate (25) leading to low blood sodium levels, 
urging the need for sodium supplementation especially in neonates and 
infants (43). The use of a higher dialysate sodium concentration in children < 
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1 year might prove to be beneficial in terms of maintaining sodium balance. 
Maintaining calcium- and phosphate balance is important in patients with 
end stage renal disease, so as for the ones treated with peritoneal dialysis. 
Standard calcium concentration in PD solution of 1.75 mmol/1 leads to 
hypercalcemia in 25-30 % of the adult patients (44). Lower calcium dialysate 
(1.0-1.25 mmol/1) leads to a better control of phosphate balance with a lower 
incidence of hypercalcemia but increases the risk of developing secondary 
hyperparathyroidism in about 25 % of patients compared to 10 % in the 
control group. A careful control of bone and mineral metabolism and 
individualized prescription of dialysate calcium concentration in every child 
on PD remains an important issue. Although serum magnesium levels are 
generally elevated in adults (45) and children on PD, it is perhaps not 
harmful as a higher serum magnesium suppresses parathormone. The buffer 
in the dialysis solution used in children has traditionally been lactate, which 
is a racemic mixture of D-lactate and the naturally in the human body occur
ring L-lactate. D-lactate is not physiologically present and is potentially 
toxic. Although no toxic serum levels of D-lactate were found in children 
(43), replacement of D-lactate by L-lactate has been recommended and 
replaced globally in the commercially available PD fluids. Instead of lactate, 
bicarbonate buffered PD fluids have been developed with a better biocom-
patibility profile (46) and good results considering efficacy and safety in 
adult patients (47). Further studies with bicarbonate-buffered PD fluids are 
warranted in children, with the concomitant advantage of less infusion pain 
(48). As is discussed in this thesis, glucose is not an ideal osmotic agent in 
PD fluids. We showed that the use of icodextrin (glucose polymer) as one of 
the alternative osmotic agents is sufficiently safe in children and useful for 
long term daytime dwell. Further studies are needed to investigate peritoneal 
transport characteristics of icodextrin in children compared to adults (49) and 
to extend the experience with icodextrin to even younger children, since they 
are need more ultrafiltration and therefore likely to benefit from this new 
solution. 
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SAMENVATTING 

In dit proefschrift worden de resultaten beschreven van verscheidene 
klinische studies bij kinderen behandeld met peritoneaal dialyse, een 
nierfunctievervangende behandeling. Het buikvlies, of de peritoneaal-
membraan dient als dialysemembraan bij deze vorm van dialyse. Over deze 
peritoneaalmembraan worden vloeistof en afvalstoffen vanuit het bloed naar 
de buikholte getransporteerd. Diverse transport karakteristieken van de 
peritoneaal membraan worden bestudeerd, inclusief vloeistof kinetiek, 
transport van vaste stoffen en het transport van intraperitoneale markers. De 
eerste klinische ervaring met icodextrine, een nieuwe dialyse spoelvloeistof, 
bij kinderen wordt gepresenteerd. 

Hoofdstuk 1 vormt een algemeen overzicht van de huidige opvattingen 
van peritoneaal transport. Het concept van een simpele peritoneaal 
membraan die verantwoordelijk is voor transperitoneaal transport van 
vloeistof en vaste stoffen versimplificeert de onderliggende fysiologische 
mechanismen. Deze complexe structuur bestaat uit ten minste drie 
verschillende anatomische lagen: de peritoneale capillaire wand, het 
interstitium en het mesotheel, allen met hun verschillende eigenschappen ten 
aanzien van vloeistof- en vaste deeltjes transport. De colloïd-rijke gebieden 
in de interstitiële matrix vertragen de diffusie van vaste stoffen van het bloed 
naar de dialyse vloeistof. Tevens treden er in het interstitium veranderingen 
op in de drukprofielen van de capillairen, zodat er vloeistofverlies van de 
buikholte naar het bloed kan plaatsvinden. Ten gevolg van de grote 
intercellulaire openingen in het mesotheel speelt dit deel van de 
peritoneaalmembraan geen rol van betekenis in het transperitoneaal transport 
van vloeistof en vaste deeltjes. Zo laat cancer antigen 125 (CA125) dat dient 
als marker voor mesotheel cellen, bij volwassen peritoneaal dialyse patiënten 
geen enkele relatie met transport parameters zien. Het capillaire endotheel is 
waarschijnlijk de belangrijkste transport barrière tijdens peritoneaal dialyse. 
Vloeistof- en vaste deeltjes transport over het capillaire endotheel wordt het 
best beschreven door het concept van een "drie poriën model". Een groot 
aantal kleine poriën met een radius van 40-50 A zijn betrokken bij het 
transport van vloeistof en laagmoleculaire vaste stoffen, naast een klein 
aantal grote poriën (radii van 200-300 Â) waardoor hoogmoleculaire vaste 
stoffen worden getransporteerd. Ultrakleine transcellulaire poriën (radii 4-5 
Â) zijn verantwoordelijk voor het watertransport over de endotheliale cellen 
van de peritoneale capillairen. Aquaporine-1 is waarschijnlijk het 
morfologische equivalent van deze poriën. De identificatie van markers in de 
dialyse vloeistof reflecteert de status van de verschillende weefsels in de 
peritoneaal membraan. De huidige kennis van deze markers wordt kort 
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behandeld in hoofdstuk 1. Enkele mesotheliale cel markers die betrokken 
zijn bij de rol van het peritoneum in het handhaven van de hemostatische 
balans in de buikholte worden uitvoeriger beschreven. 
In hoofdstuk 1 wordt eveneens ingegaan op het belang van het gebruik van 
gestandaardiseerde methoden bij het bestuderen van peritoneaal transport 
karakteristieken zodat resultaten van volwassenen en kinderen van 
verschillende leeftijden adequaat kunnen worden vergeleken. De oppervlakte 
van de peritoneaalmembraan is gerelateerd aan de lichaamsoppervlakte. Op 
het belang van het gebruiken van intraperitoneale volumes gecorreleerd aan 
lichaamsoppervlakte en het effect van intraperitoneale druk op 
vloeistofkinetiek wordt nader ingegaan. Follow-up studies van 
vloeistofkinetiek laten zien dat verlies van ultrafiltratie het meest frequent 
optreedt; de mogelijkheid hiertoe doet zich vaker voor na het vierde jaar van 
behandeling. Langdurige peritoneaal dialyse met conventionele, op glucose 
gebaseerde dialyse vloeistoffen kunnen vasculaire veranderingen geven in 
het peritoneale capillaire vaatbed. Eén van de alternatieve osmotische 
agentia die ontwikkeld zijn, zijn glucosepolymeren. Dialyse vloeistoffen die 
glucosepolymeren bevatten, zoals icodextrine, zijn hypo- of isotoon ten 
opzichte van bloed en induceren transcapillaire ultrafiltratie via een 
mechanisme gebaseerd op colloïd-osmose. De ontwikkeling, het 
metabolisme, de klinische ervaring en transport karakteristieken van 
icodextrine worden beschreven in hoofdstuk 1. 

In hoofdstuk 2 worden de resultaten beschreven van peritoneaal 
equilibratie testen (PET's) bij kinderen waarbij intraperitoneale volumina van 
1200 ml/m2 lichaamsoppervlakte en van 40 ml/kg lichaamsgewicht met 
elkaar worden vergeleken. Bij PET's wordt met behulp van intraperitoneale 
volumemarkers, in dit geval Dextran 70, transcapillaire ultrafiltratie (TCUF, 
vloeistoftransport van het bloed naar de buikholte) en markerklaring (MK, 
het verdwijnen van vloeistof uit de buikholte naar de bloedbaan door 
lymfatische absorptie) berekend. De cumulatieve TCUF tijdens de PET is 
niet significant verschillend in de groep kinderen met een intraperitoneaal 
volume van 1200 ml/m2 (935 ± 202 ml/1,73 m2) vergeleken met de groep 
kinderen met een intraperitoneaal volume van 40 ml/kg (823 ± 226 ml/1,73 
m2). In de PET's met 40 ml/kg wordt een positieve correlatie tussen leeftijd 
en cumulatieve TCUF gezien, terwijl deze correlatie verdwijnt als het 
intraperitoneale volume wordt gerelateerd aan lichaamsoppervlak (1200 
ml/m2). De MK is niet verschillend in beide groepen en heeft tevens geen 
enkele correlatie met leeftijd in beide groepen. Uit deze studie wordt 
duidelijk dat vloeistofkinetiek onafhankelijk is van leeftijd bij kinderen 
ouder dan 2,5 jaar indien intraperitoneale volumina gebruikt worden die 
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gerelateerd zijn aan lichaamsoppervlak in plaats van de gebruikelijke 
lichaamsgewicht gerelateerde volumina. 

In hoofdstuk 3 worden de resultaten beschreven van een follow-up 
studie van TCUF en MK zoals die worden berekend met de PET's. Alle 
PET's zijn uitgevoerd met een intraperitoneaal volume van 1200 ml/m2. 
Twintig kinderen worden beschreven waarbij 1-4 PET's zijn uitgevoerd 
tussen 1-3 maanden na start van peritoneaal dialyse tot aan 26-33 maanden 
behandeling. Alhoewel er een trend lijkt te bestaan tot een dalende TCUF 
tijdens de studieperiode (1041 ml/1,73 m2 bij 1-3 maanden tegenover 756 
ml/1,73 m2 bij 26-33 maanden) en stijgende MK (311 ml/1,73 m2 bij 1-3 
maand tegenover 509 ml/1,73 m2 bij 26-33 maanden), veranderen deze 
parameters niet significant tijdens de studieperiode. De gemeten 
hydrostatische intraperitoneale druk tijdens de PET's laat geen veranderingen 
zien. In deze longitudinale studie worden geen verschillen gezien in het 
transperitoneale transport van glucose en kreatinine. Gedurende de eerste 33 
maanden van peritoneaal dialyse behandeling lijken er geen significante 
veranderingen op te treden in parameters betreffende peritoneaal transport 
van vloeistof en vaste stoffen bij kinderen ouder dan 2,5 jaar. 
Tevens worden in hoofdstuk 3 de PET-resultaten beschreven van 5 jonge 
kinderen (< 2,5 jaar) gemeten gemiddeld 5,8 maanden na start van therapie. 
De cumulatieve TCUF en MK in deze jonge kinderen zijn niet verschillend 
vergeleken met oudere kinderen zoals die beschreven zijn in hoofdstuk 2. 
Concluderend stellen we vast dat, als vloeistofkinetiek wordt bestudeerd 
gebruik makend van intraperitoneale volumina van 1200 ml/m2, kinderen 
van alle leeftijden vergelijkbaar zijn met elkaar en met volwassenen. 

Het transport van macromoleculen zoals erythropoiëtine, van de 
buikholte naar de bloedbaan via lymfatische absorptie maakt het mogelijk 
om bepaalde medicijnen intraperitoneaal toe te dienen. De resultaten van 
intraperitoneaal toegediend erythropoiëtine voor de behandeling van renale 
anemie in 50 ml zakjes wordt beschreven in hoofdstuk 4. In deze 
prospectieve studie worden 10 kinderen beschreven waarvan er 4 niet eerder 
met erythropoiëtine zijn behandeld (groep A), en 6 eerder zijn behandeld met 
erythropoiëtine toegediend in 250 ml dialyse vloeistof (groep B). De 
wekelijkse dosis erythropoiëtine nodig om de gewenste hemoglobinespiegel 
(6,5-7,0 mmol/1) te bereiken daalde van 266 naar 234 U/kg/week in groep A 
na 6 maanden behandeling. In groep Β daalde de wekelijkse erythropoiëtine 
dosis van 262 naar 194 U/kg/week. De mediane cumulatieve erythropoiëtine 
dosis daalde met 17 % 3 maanden voorafgaand aan de studie vergeleken met 
de driemaands periode 6 maanden na het begin van de studie (P<0,05). De 
toediening van erythropoiëtine in 50 ml dialyse zakjes zorgt voor een 
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toename van de biologische beschikbaarheid van erythropoiëtine en is 
hiermee kostenbesparend. 

In deel II wordt de functie van de peritoneaalmembraan met 
betrekking tot eiwit transport en de rol in het handhaven van de 
hemostatische balans beschreven. Hoofdstuk 5 geeft de resultaten weer van 
een studie naar peritoneaal eiwit transport bij kinderen met nephrotisch 
syndroom behandeld met peritoneaal dialyse. Het transport van eiwitten over 
de glomerulaire basaal membraan wordt voornamelijk bepaald door de 
grootte van de eiwitten. Bij het nephrotisch syndroom is deze grootte 
selectiviteit aangetast waardoor er Proteinurie optreedt. Over de functie van 
de peritoneaal membraan bij kinderen met nephrotisch syndroom is nog niets 
bekend. Daartoe wordt het transperitoneaal transport van eiwitten met 
verschillende grootte (ß2-microglobuline MW 11.800 D, albumine MW 
69.000 D, IgG MW 160.000 D en az-macroglobuline MW 820.000 D) bij 6 
kinderen met het nephrotisch syndroom (focale glomerulosclerose, 
congenitaal nephrotisch syndroom en diffuse mesangiale sclerose) 
vergeleken met 8 stabiele kinderen tijdens peritoneaal dialyse. Bij alle 
patiënten wordt er een lineaire correlatie tussen moleculair gewicht en 
dialysaat/serum ratio van de betreffende eiwitten gezien. Er bestaat geen 
verschil tussen de dialysaat/serum ratio bij nephrotische en niet-nephrotische 
kinderen. We concluderen dat de grootteselectiviteit van de peritoneaal 
membraan niet is aangetast bij kinderen met nephrotisch syndroom. 

De rol van het fibrinolytische systeem bij 7 kinderen met peritonitis 
wordt bestudeerd in hoofdstuk 6 en vergeleken met 12 kinderen zonder 
peritonitis. Het fibrinolytische systeem zorgt ervoor dat onoplosbaar fibrine 
wordt gesplitst in het oplosbare eindproduct, de D-dimeren (DD). 
Verschillende factoren zoals een remmer (plasminogeen activator inhibitor 
type 1, PAI-1), activator (tissue-type plasminogeen activator antigeen, t-PA) 
en complexen (plasminogeen-a2-plasmine, PAP) van het fibrinolytische 
systeem worden bepaald in serum en dialysaat. Thrombine-antithrombine III 
complexen worden gemeten als markers voor de stolling. Tevens worden de 
dialysaat/serum ratio's (D/P) van albumine, ß2-microglobuline, IgG en a.2-
macroglobuline gemeten als markers voor basaal transperitoneaal transport. 
Bij alle kinderen in de studie zijn de D/P ratio's van de gemeten stollings- en 
fibrinolytische factoren hoger dan verwacht mag worden op basis van hun 
moleculair gewicht. Dit duidt erop dat de genoemde factoren lokaal worden 
geproduceerd in de buikholte. Tijdens peritonitis wordt een hogere D/P ratio 
van TAT gezien, duidend op toegenomen stolling tijdens peritonitis. 
Tegelijkertijd wordt verminderde fibrinolytische activiteit gezien: de D/P 
ratio van PAP is lager tijdens peritonitis leidend tot een lagere D/P ratio van 
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DD. Deze lagere fibrinolytische activiteit tijdens peritonitis wordt 
veroorzaakt door een hogere productie van de remmer, PAI-1. Concluderend 
kunnen we zeggen dat er tijdens peritonitis toegenomen stolling en 
verminderde fibrinolyse optreden vergeleken met stabiele peritoneaal 
dialyse. 

In hoofdstuk 7 wordt de eerste klinische ervaring met icodextrine bij 
kinderen beschreven. Bij volwassenen is reeds bekend dat het met 
icodextrine mogelijk is om ook tijdens langdurige dwells nog voldoende 
ultrafiltratie te verkrijgen. In deze studie worden de ultrafiltratie profielen 
van icodextrine 7,5 % vergeleken met glucose 1,36 % en glucose 3,86 % bij 
11 kinderen tijdens 12-uurs dwells. De netto ultrafiltratie met icodextrine 7,5 
% (339 ± 147 ml/1,73 m2) is vergelijkbaar met die van glucose 3,86 % (450 
± 306 ml/1,73 m2) en significant hoger dan de ultrafiltratie met glucose 1,36 
% (-87 ± 239 ml/1,73 m2). Dagelijks gebruik van icodextrine verhoogt de 
wekelijkse Kt/V verhoogt met 23 % (0,52 ± 0,07 op een totaal van 2,3). De 
absorptie en het metabolisme van icodextrine wordt bestudeerd in een 
klinische studie van 6 weken bij 9 kinderen. Bij de start van de studie zijn er 
geen icodextrine of metabolieten aantoonbaar in het serum van de patiënten. 
Icodextrine spiegels in het serum stijgen 2 weken na de start van de studie tot 
een steady-state waarde van 2,91±1,22 g/l. De belangrijkste metabolieten 
van icodextrine zijn maltose, maltotriose en maltotetraose. Na 2 weken 
stijgen de spiegels tot respectievelijk 2,02±0,66 mmol/1; 1,46±0,35 mmol/1 
en 0,45±0,12 mmol/1. Vier weken na het staken van de studie zijn er geen 
icodextrine of metabolieten meer aantoonbaar in het serum. We concluderen 
dat tijdens langdurig dwells icodextrine in staat is om voldoende ultrafiltratie 
te bewerkstelligen, vergelijkbaar met glucose 3,86 %. Het dagelijks gebruik 
van icodextrine is naar onze mening voldoende veilig ten aanzien van 
absorptie en metabolisme. 

In hoofdstuk 9 worden de resultaten van de studies beschreven in dit 
proefschrift samengevat en worden aanbevelingen gedaan ten aanzien van 
verder onderzoek. 
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1. Bij het beoordelen van de leeftijdsafhankehjkheid van peritoneale 
vloeistofkinetiek parameters bij kinderen is het belangrijk een 
intrapentoneaal volume gerelateerd aan hchaamsoppervlakte te 
gebruiken (hoofdstuk 2). 

2. Het pentoneaal eiwitverlies zoals dat gezien wordt bij kinderen met 
het nefrotisch syndroom ten gevolge van focale glomerulosclerose en 
congenitaal nefrotisch syndroom lijkt niet te worden veroorzaakt door 
een zelfde fout in de peritoneale basaalmembraan als in de 
glomerulaire basaalmembraan (hoofdstuk 5) 

3. Tijdens peritonitis treedt er in de pentoneaalmimte toegenomen 
stolling en verminderde fïbnnolyse op vergeleken met de stabiele 
situatie. Preventief gebruik van hepanne kan het voorkomen van 
fibnnestolsels, die vaker worden gezien tijdens peritonitis, doen 
verminderen (hoofdstuk 6). 

4 Het gebruik van een op glucose polymeren gebaseerde spoelvloeistof 
bij kinderen tijdens de dagelijkse "lege buik" geeft een toename van 
de ultrafiltratie en dialyse-efficientie en kan hiermee een aanvulling 
zijn op de conventionele nachtelijke intermitterende pentoneaal 
dialyse (hoofdstuk 7). 

5 Bij de chronische behandeling met pentoneaal dialyse bij kinderen 
dienen zo veel mogelijk pijnlijke ingrepen te worden vermeden; de 
helaas nog vaak toegepaste toediening van erythropoietine subcutaan 
tijdens deze behandeling is een kunstfout. 

6 Met de lange afstanden die sommige chronische hemodialyse 
patientjes dne maal per week moeten reizen is het onmogelijk een 
volledig regulier onderwijsprogramma te volgen. Een goede 
onderwijsvoorziening is derhalve onmisbaar en bezuinigingen op deze 
voorziening doen onrecht aan de normale ontwikkeling van deze groep 
kinderen. 

7 Het bepalen van cystine in de granulocyt of in de totale leukocyten 
populatie als leidraad voor de behandeling van cystinose leidt tot een 
andere (eventueel inadequate) behandeling. 

8. De granulocyt is de transporter voor verocytotoxine in de bloedbaan. 
Het niet ontdekken van verocytotoxine in bloed van kinderen met het 



hemolytisch uremisch syndroom is te wijten aan het verwaarlozen van 
de granulocyt als drager van dit verocytotoxine. 

9. Het gebruik van mobiele telefoon in openbare gelegenheden voor 
huishoudelijke boodschappen is een uiting van asociaal gedrag. 

10. Gezien hun sociaal-economische omstandigheden is het voor een deel 
van de wereldbevolking moeilijk de geboorteplaats te verruilen voor 
een beter leefklimaat. De opmerking dat getroffenen in het gebied van 
de orkaan Mitch gekozen hebben voor een dergelijk (nood)lot is dan 
ook kortzichtig. 

11 They always say that time changes things. But you actually have to 
change them yourself (Andy Warhol, 1928-1987). 

12. Art does not reproduce what we see; rather it makes us see (Paul Klee, 
1879-1940). 






