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Generall  Introductio n 



1.. T h e peritoneal membrane 

/.. /. Anatomy 

Dur ingg peritonea] dialysis, the peritoneal cavity is used as a reservoir for the dialysis solution and 

thee peritoneal membrane functions as a transport filter. The peritoneal membrane contours the 

majorityy of internal organs on the visceral site and covers the inner abdominal wall on the parietal 

sitee [1]. The anatomical surface of the peritoneum was previously considered to average 1 m" in 

post-mortemm studies [2.3]. A recent estimation of the functional surface area, using 

computerizedd tomography scans, revealed a surface of about 0.55  0.04 m" [4]. Under normal 

condit ionss the peritoneal cavity is lined with a thin layer of mesothelial cells and contains a small 

amountt of fluid, which is most likely for lubrication of the internal organs to allowT their 

movementt [5]. About 60% of the peritoneal membrane consists of visceral peritoneum, 10% is 

parietall  peri toneum and the remainder consists of mesentery and omentum. The contribution of 

thee various parts of the peri toneum to solute transport in PD may be different. The role of the 

per i toneumm covering the liver may be important, because of the close relationship with the liver 

sinusoidss [6]. Evisceration in rats [7,8] and in a child after extensive resection of the small 

intestinee [9] did not lead to important reduction in small solute transport. The diaphragmatic part 

off  the peri toneum is especially involved in the absorption of solutes and fluid from the peritoneal 

cavityy into the lymphatic system [10]. 

Bloodd supply of the parietal peritoneum is derived from arteries perfusing the abdominal 

andd pelvical walls. The visceral peritoneum derives its arterial supply from mesenteric and coeliac 

arteries.. Venous return on the parietal site is via the local systematic veins. The visceral veins 

drainn into the portal vein [5J. Parietal lymphatic drainage is mainly through subdiaphragmatic 

gaps,, which collect the lymph in the peritoneal diaphragmatic plexus. In addition some of the 

lymphaticc drainage of the peritoneal cavity passes into the thoracic duct. Visceral lymphatics 

drainn into parietal lymph nodes and from there to the thoracic duct [10]. 

1.2.1.2. Morphology 

Thee peritoneal ultrastructure consists of a mesothelial cell layer, covering the interstitium. In the 

interstitiumm the peritoneal blood vessels are located. A monolayer of mesothelial cells, resting on 

aa basement membrane contours the visceral and parietal peritoneum. Mesothelial cells are 

secretoryy cells, that produce among many other substances, lubricants, such as 

phosphatidylcholinee and hyaluronan, to prevent friction of serosal surfaces [11]. Another 

secretionn product is cancer antigen 125, a 220 kD glycoprotein, which can be detected in the 
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effluentt of PD patients, but also in the supernatant of cultured mesothelial cells. Therefore it can 

bee used as a marker for mesothelial mass or cell turnover [12-15]. The mesothelial layer is 

assumedd to be insignificant as a transport barrier [16]. 

Thee interstitium is composed of loose connective tissue, containing bundles of collagen, 

fibroblastss and mast cells, within a mucopolysaccharide hydrogel [17]. In the interstitium, 

capillaries,, venules and lymphatics are embedded. The restrictive ability of the interstitium is 

uncertain.. No size selectivity was found in cat mesentery [18], but in vivo microscopy in rat 

mesenteryy suggested the opposite [19]. In humans the restriction of the interstitium to 

macromoleculess is unclear [20]. It is possible that the interstitium adds some additional barrier to 

transcapillaryy transport resistance and slows the diffusion of solutes from the blood to the 

dialysiss fluid [21]. 

Thee peritoneal capillaries contain one layer of endothelial cells, laying on a basement 

membrane.. The endothelium is mainly of the continuous type, but a small amount of fenestrated 

capillariess have been found in human parietal peritoneum [22]. The peritoneal wall is considered 

too be the most important barrier for solute transport. This transport is generally assumed to be 

size-selectivee and occurs through a system of pores [23]. A model consisting of three sets of 

poress with different sizes has been postulated based on computer simulations [24-26]. According 

too this model, a large number of small pores is present, through which low molecular weight 

solutess and water pass. The radius is estimated to be about 40A. The interendothelial clefts are 

consideredd as the anatomical equivalent of these pores. A few large pores, with a mean size of > 

150AA are present to allow transport of macromolecules, like serum proteins. Interendothelial 

gapss that can be induced by local application of some vasoactive substances, such as histamine, 

mayy be the anatomical equivalent [27,28]. The third set of pores have radii of < 5A and are 

thereforee called ultra small pores. As a result of their extremely small size these pores are 

exclusivelyy permeable to water, and not to solutes. This explains the effectiveness of a small 

solutee such as glucose as osmotic agent. In addition the presence of the ultra small pores clarifies 

thee observed dissociation of water and solute transport, usually observed in the first phase of a 

hypertonicc dwell [29,30]. This set of pores has morphologically been identified as aquaporin-1 

andd is present in peritoneal capillaries and venules of humans [31-34] and rats [35-37]. 

13.13. Morphological changes with time on PD 

Afterr long-term PD marked alterations can be present in the peritoneal tissues. They consist of 

ann increased thickness of the submesothelial compact collagenous zone of the parietal 

peritoneum,, sometimes accompanied by loss of surface mesothelium [38,39]. Also in omental 
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tissuess fibrosis can be found [40]. In addition, extensive vascular abnormalities have been 

described,, including subendothelial hyalinosis of venules and arterioles [39,41]. Also an increased 

numberr of vessels has been found [40], especially in patients with ultrafiltration failure [39]. A 

correlationn has also been described between the number of peritoneal vessels and the fibrotic 

alterationss [40]. In patients with peritoneal sclerosis these fibrotic and vascular abnormalities are 

alsoo present, but much more severe. 

1.4.1.4. 1'unctional characterisation of the peritoneal membrane 

Even'' membrane can be characterized bv its surface area and its intrinsic permeabilitv. A 

comparisonn has been made between the transport characteristics of urea and inulin in peritoneal 

dialysiss and hemodialysis with cuprophane and cellulose-acetate membranes of a defined surface 

area.. It appeared that the effective surface area of the peritoneal membrane, i.e. the part that 

actuallyy participated in solute transport, had to be considerably less than the 1 m2 that was found 

inn anatomical studies [42]. This can be explained by the observation that under basal 

circumstancess only about a quarter of the peritoneal capillaries is perfused [43]. Environmental 

changess can alter the blood flow, such as the instillation of dialysis fluid [44]. In addition, studies 

withh intraperitoneally administered nitroprusside, have made it likely that the effective peritoneal 

surfacee area is mainly dependent on the number of perfused peritoneal capillaries [43,45-48]. This 

impliess that the effective vascular surface area is not a static property of the peritoneum, but that 

itt can vary depending on internal and external factors. The intrinsic permeability- represents the 

sizee selectivity' of the peritoneal membrane. For macromolecules it is mainly dependent on the 

largee pore size. Because of the dynamic properties of the membrane, functional characterizations 

havee been developed for surface area and permeability. 

Thee functional characterization of the intrinsic permeability and the effective peritoneal 

surfacee area can be made by relating the transport of a solute (mass transfer area coefficient: 

MTAC ,, or clearance) to its free diffusion coefficient in water Dw . on a double logarithmic scale. 

Thee slope of this power-relationship, that is MTA C or clearance= constant . Dw
rc, represents the 

restrictionn coefficient [49-51]. A restriction coefficient of 1.0 implies that the diffusion rates of 

solutess are determined by their free diffusion coefficient in water. A higher restriction coefficient 

impliess the presence of a size selective barrier. The higher the restriction coefficient, the lower 

thee intrinsic permeability'. The restriction coefficient to macromolecules averages 2.37 [50], based 

onn the peritoneal clearances of the serum proteins fJ-2-microglobulin, albumin, IgG and Ot-2-

macroglobulin.. This indicates a restricted diffusion from macromolecules from the circulation to 

thee peritoneal cavity. Since this restriction coefficient expresses size selectivity, it can be used to 
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characterizee the peritoneal intrinsic permeability. The transport of low molecular weight solutes, 

suchh as urea, creatinine and urate, is expressed as mass transfer area coefficients (MTAC). The 

MTACC of a solute is the maximum theoretical clearance by diffusion at time zero, so before 

transportt has actually started. A power relationship also exists when the MTACs of this small 

solutess are plotted against their molecular weights on a double logarithmic scale [52,53]. The 

slopee of this regression line is 1.24 [50,54]. This implies that the transfer of these low molecular 

weightt solutes across the peritoneum mainly occurs by diffusion, with minimal restriction of the 

sizee selectivity of the peritoneal membrane. Therefore, the MTAC of a small solute can be used 

ass a representative of the effective peritoneal vascular surface area. A change in the MTAC of, for 

instance,, creatinine in individual patients is likely to reflect a change in their anatomic or effective 

vascularr surface area. 

13 3 



2.. Peri toneal transport 

Dur ingg peritonea] dialysis solutes and water are transported. Water is removed from the 

circulationn under influence of an osmotic gradient, provided by the dialysis solution. This dialysis 

solutionn generallv induces a crvstalloid osmotic pressure gradient (more detailed description of 

osmoticc agents is given in section 3). Solutes are removed by mechanisms of diffusion and 

convection.. Diffusive transport is based on the difference in solute concentrations between two 

compartments.. In peritoneal dialysis these compartments are the blood and the dialysis solution, 

separatedd bv a membrane, the peritoneum. When free diffusion is present, no hindrance of the 

membranee is offered. In this case, the transport velocities wil l be linear to their free diffusion 

coefficientss in water. When a membrane offers an additional hindrance to solutes, this is called 

restrictedd diffusion. Convective transport is determined by ultrafiltration rate, solute 

concentrat ionn and the sieving coefficient of the solute. The sieving coefficient is the quotient of 

thee solute concentration in the ultrafiltrate and the circulation. 

2.1.2.1. Solute transport 

Thee transfer of low molecular weight solutes occurs mainly through the small pore system. The 

largee pores are involved in the transport of macromolecules, like serum proteins. In peritoneal 

dialysiss the transport of small solutes is mainly diffusive, whereas convective t ranspon or solvent 

drag,, becomes more important with increasing molecular weight [50,55-58]. Absorption of 

macromoleculess from the peritoneal cavity to the circulation is linear in time, irrespective of size 

orr concentration [59-61]. 

2.2.2.2. Fluid transport 

Ultrafiltrationn is achieved by opposing mechanisms. Due to an osmotic pressure gradient 

betweenn blood and dialysate, fluid transport is induced directed to the peritoneal cavity. This 

transcapillaryy ultrafiltration increases the intraperitoneal volume, which leads to increased uptake 

intoo the lymphatics. The transcapillary ultrafiltration is dependent of the hydrostatic pressure 

gradient,, the colloid osmotic pressure gradient, the crystalloid osmotic pressure gradient, the 

hydraulicc permeability of the peritoneal membrane and its effective surface area. The hydrostatic 

pressuree gradient is determined by the difference between the pressure in the peritoneal 

capillariess and the intraperitoneal pressure. The pressure in the capillaries averages 17 mmHg 

[62].. The intraperitoneal pressure is dependent on posture, it can van- between 8 m m Hg in 

supinee position [63] and 20 m m Hg in walking position [64] and it is also dependent on the 
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instilledd volume [65]. The colloid osmotic pressure gradient that averages 26 mmHg in normals, 

butt 21 mmHg in PD patients and is directed toward the circulation, and is induced by plasma 

proteinss [62]. In dialysis solutions this pressure is negligible because of the low concentration of 

macromolecules.. An exception is the icodextrin containing dialysate, see section 3. The crystalloid 

osmoticc pressure gradient is determined by the osmotic agent that is applied, most frequendy 

glucose.. This is a very effective osmotic agent, despite its small size. The effectiveness of an 

osmoticc agent depends on the resistance the peritoneal membrane exerts to its transport. This 

propertyy is expressed as the osmotic reflection coefficient and can range from 0 in a free passage 

situationn and 1, which implies total hindrance of a solute by an ideal semi-permeable membrane, 

Duee to its small size of 2.9 A, the reflection coefficient of glucose over the large pores is 

negligiblee and low over the small pores. Values ranging from 0.02 to 0.05 have been reported [66-

68].. However, the reflection coefficient will be 1.0 over the ultra small pores, which explains the 

effectivenesss of glucose as osmotic agent. The effect is most pronounced in the initial phase of a 

dwell,dwell, but decreases due to absorption of glucose, which leads to dissipation of the osmotic 

gradientt [30,69]. The peritoneal water transport is mediated by the ultra small pores, or 

aquaporinss [31,70]. These are permeable to water, but not to solutes. The function of these water 

channelss can be estimated by the "sieving" of sodium during a hypertonic dwell [29,69,71]. The 

sodiumm concentration in blood and dialysate are similar, so a decrease in dialysate sodium 

concentrationn will occur in case of free water transport. However, a small concentration 

differencee between dialysate and plasma concentration can cause diffusion of sodium from the 

circulationn to the dialysate. In this situation a falsely decreased sodium sieving will be measured, 

incorrectlyy indicating loss of free water transport. To avoid this, a method to correct for sodium 

diffusionn was developed by Zweers et ai. [72], In this method the amount of sodium present in 

thee dialysate, solely due to diffusion was calculated using the MTAC of urate, because this was 

foundd to be similar to the MTAC of sodium [66]. This value could than be subtracted from the 

measuredd dialysate sodium concentration, resulting in the actual sodium sieving. Because the 

MTACC urate is not routinely assessed in a peritoneal permeability test, the correction method was 

alsoo tested when the MTAC creatinine, which can easily be calculated from PET results, was 

used.. It appeared that the use of the MTAC creatinine gave accurate results on actual sodium 

sievingg [72]. Another manner to estimate free water transport is to determine the difference in 

nett ultrafiltration between a 3.86% and a 1.36% solution. This is a rough indication, easy to 

calculatee but time consuming [30]. Using a 3.86% glucose solution, the crystalloid osmotic 

pressuree is much higher and exceeds the other pressure gradients; consequently the net 

ultrafiltrationn obtained, will be much more dependent on the number and function of the water 
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channels.. Therefore, the difference in net ultrafiltration between a 3.86% and a 1.36% glucose 

solutionn wil l decrease in situations with impaired aquaporin-mediated water transport. The 

assumptionn that aquaporin-1 really is responsible for free water transport was tested in rats and 

rabbits.. Aquaporin-1 was inhibited by administration of mercury-chloride intraperitoneally and as 

aa result almost complete blockage of the sieving of sodium was present [35,73]. The contribution 

off  the water-channel mediated water transport to the total fluid removal is estimated to be about 

50%.. These values, however, were assessed either by indirect methods [37,74], or with computer 

simulationss [24,75]. A direct measurement of free water transport is described in chapter 5. 

Thee net ultrafiltration is determined by transcapillary ultrafiltration and lymphatic 

absorpt ionn from the peritoneal cavity. Measurement of fluid absorption from the peritoneal 

cavityy can only be done with indirect methods. The disappearance rate (clearance) of 

intraperitoneallyy administered macromolecular tracers, such as radio-iodated serum albumin 

(RISA)) [69,76] or dextran 70 [77,78] can be used. The disappearance rates of these tracers are 

constantt in time [79] and independent on molecular size [60]. Normal yalues in peritoneal 

permeabilityy tests using a 1.36% glucose solution, ranged from 0.4 to 1.2 mL/min [80]. 

Increasingg intraperitoneal pressure, either by external compression [63] or by increasing the 

administeredd dialysis volume [81], enhanced the disappearance rate of the volume marker 

substantially.. This indirect measure can be applied as functional characterization of the effective 

lymphaticc absorption rate. I t implies that all pathways of peritoneal lymphatic drainage, both 

subdiaphragmaticc and interstitial, are included in the definition. 
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3.. Dialysis solut ions 

Glucosee is the most widely used osmotic agent in peritoneal dialysis. However, since glucose is 

nott an ideal solution, many other osmotic agents have been investigated. The most important 

oness wil l be discussed. 

3,1,3,1, Glucose-based dialysis solutions 

Glucosee is the standard osmotic agent for peritoneal dialysis. I t is a low molecular weight solute 

(M WW 180 Dalton), available in different concentrations, that range from 70 to 220 mmo l /L, with 

osmolalitiess ranging from 334 to 486 mosmol /L. Glucose yields high ultrafiltration. In addition, 

itt is readily metabolized, not immunogenic, cheap and easy to manufacture. However, one of the 

disadvantagess of glucose as a dialysis solution is its high absorption rate, which averages 66% of 

thee instilled quantity during a four and 7 5% during a 6 hours exchange [69,80]. This can lead to 

hyperglycemia,, hyperinsulinemia and to obesity, due to the high caloric load [82-84]. Because of 

thee extensive uptake of intraperitoneally administered glucose, the peritoneal tissues are 

continuouslyy exposed to extremely high glucose-concentrations. N ot surprisingly, changes in 

peritoneall  morphology closely resemble those observed in diabetic angiopathy [40,41,85,86]. 

Variouss toxic effects of glucose on peritoneal tissues have been described. Glucose 

damagess the mesothelial cell layer by direct toxicity. This occurs either by inhibition of 

mesofheliall  cell proliferation, which is concentration-dependent and reversible with the 

withdrawall  of glucose [87-89], or by the cytotoxic effect of glucose degradation products [90,91]. 

Glucosee degradation products (GDPs) are formed during the heat-sterilization process of 

glucose.. These GDPs are also classified as reactive carbonyl compounds and consist mainly of 

aldehydess and dicarboxyl compounds. The acute effects of GDPs on cell function of human 

peritoneall  mesothelial cells include dose-dependent inhibition of cell growth, viability and 

cytokinee release [92]. The most biologically active of all G D Ps is 3,4-dideoxyglucosone-3-ene 

(3,4-DGE)) [93]. When the concentration of glucose degradation products was lowered by 

sterilizingg the glucose in a very acidic environment, separated from the electrolytes, this resulted 

inn less cytotoxicity in vitro [90]. Another major disadvantage of GDPs is that they lead to the 

formationn of advanced glycosylation end products [94]. G D Ps trigger a chain of spontaneous 

non-enzymaticc reactions with the amino group in peptides and proteins, referred as the Maillard 

reaction.. The reaction between a carbonyl group and an amino group goes via reversibly formed 

Schifff  s bases, which rearrange to intermediate Amadori products and may in the end result in the 

formationn of stable carbohydrate cross-links between proteins, so called advanced glycated end-
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productss (AGEs) [95], A GE modification preferentially occurs in long-lived structural proteins, 

suchh as collagen and eye-lens proteins, and is accelerated in diabetes mellitus. It is believed to 

contr ibutee to diabetic complications, among which nephropathy High plasma levels of A GE 

precursorss and AGE-modif ied proteins are found also in non-diabetic renal failure patients [96]. 

Thiss state of high reactivity in uremia is referred as "carbonyl stress" and it mav be causative as 

welll  as a consequential factor in the progression of renal disease. Many detrimental effects of 

A G Ess have been reported [97], Accumulation of AGEs was described in peritoneal biopsies of 

non-diabeticc patients on PD [98,99] which was alreadv present after 3 months of PD. 

Monoclonall  antibodies against AGEs were even more positive after 7 years of PD treatment, 

comparedd to a treatment duration of 3 years. This indicates a progressive accumulation with time 

onn PD [99]. The accumulation of AGEs is most pronounced in the vascular wall. A GE 

formationn leads to progressive cross-linking of collagenous tissues, inducing fibrosis [100,101]. 

Alsoo vasoactive effects of AGEs on endothelial cells have been described [102]. Thev are 

probablyy responsible for the neoangiogenesis in patients with diabetic complications [103]. Most 

likelyy thev are also able to cause neoangiogenesis in peritoneal tissues. Finally, the exposure to the 

highh glucose concentrations can lead to a state of "pseudohvpoxia" in the peritoneum. This leads 

too an effect on intracellular redox-status, which stimulates the release of growth factors, such as 

V E G F.. V E GF induces neoangiogenesis [104,105]. With the formation of new vessels, 

enlargementt of the effective vascular surface area occurs. This in turn wil l lead to increased solute 

transport,, leading to a more rapid glucose absorption and the need for the use of higher glucose 

concentrations. . 

Thee detrimental effects of lactate buffered glucose solutions can be diminished bv 

loweringg the amount of G D Ps in the dialysate. In new solutions the heat sterilization of glucose 

iss performed in a more acidic environment, to decrease the formation of GDPs. This requires a 

doublee compartment bag, with mixing of their contents just before inflow. This results in a 

higherr pH and less G D P s, and therefore better biocompatibilitv [106-108]. In ongoing studies 

higherr dialvsate CA-125 appearance rates were found after treatment with these solutions, and no 

differencess in transport characteristics compared to the conventional glucose solutions were 

observedd [109]. These solutions are now available commercially. 

Peritoneall  transport with glucose has been studied extensively, using 4 and 6 hour dwells 

wit hh 1.36% glucose dwells in the standard peritoneal permeability analysis (SPA) [80] or with 

2.27%% glucose in the peritoneal equilibration test (PET) [110-112]. Recently the International 

Society""  of Peritoneal Dialysis (ISPD) committee on ultrafiltration failure suggested to perform 

thee test with a 3.86% glucose solution, as this provides better information on ultrafiltration. This 
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iss because the larger drained volume makes the result less subject to measurement errors, and is 

moree sensitive to detect clinically significant ultrafiltration failure. In addition, the phenomenon 

off  sodium sieving, associated with a hypertonic glucose solution, provides an assessment of free 

waterr transport [113]. 

3.2.3.2. Alternative solutions 

3.2.1.3.2.1. Glucose polymers 

Icodextrinn is derived from hydrolyzed cornstarch and is a mixture of oligo- and polysaccharides, 

predominandyy linked by OCl-4 linkages and some (Xl-6 linkages. It has an average molecular 

weightt of 16,800 Dalton, and induces colloid osmosis. Due to its high molecular weight it is only 

absorbedd for 10-20% [60]. Glucose polymers are rapidly metabolized in the circulation by 

amylase.. This leads to the production of maltose, which accumulates in the plasma, because no 

maltasee is present in the circulation. This accumulation is a major disadvantage of the use of 

glucosee polymers [114], although one single daily exchange of icodextrin results in a steady state 

levell  of maltose after about 10 days [115]. This level remains stable for months with no side 

effectss and normalizes after the withdrawal of glucose polymer-based treatment [115]. 

Thee glucose polymer 7.5% lactate-buffered icodextrin solution is iso-osmotic to normal 

plasma.. It induces ultrafiltration by colloid osmosis, and exerts its effect mainly over the small 

poress [116]. Icodextrin has a long-lasting effect, because of the low absorption of the osmotic 

agentt [117]. Compared to a 3.86% glucose solution, similar net ultrafiltration was obtained using 

icodetrinn in 8 hour dwells [118], and higher ultrafiltration was found in automated peritoneal 

dialvsis,, when icodextrin was used during the day [119]. 

Glucosee polymers are particular effective in patients with ultrafiltration failure due to a 

largee vascular surface area [116,120-122]. With the use of icodextrin the treatment of patients 

withh ultrafiltration failure could be extended for about one year, whereas they otherwise would 

havee been transferred to hemodialysis [120]. In peritonitis a transient state of a large effective 

vascularr surface area is present, causing ultrafiltration failure due to high glucose absorption. The 

usee of icodextrin in this situation has also been proven useful [122,123]. 

Icodextrinn treatment is generally well tolerated, although some side-effects have been 

described.. Skin rashes are the most frequent side-effects reported [124]. Also more severe 

reactionss have been described, like acute allergic reactions [125] and interference with blood 

glucosee measurements, leading to hypoglycaemia [126]. Recendy a series of culture negative 

peritonitiss was reported in patients using icodextrin [127-135]. This could, after extensive 
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research,, be attributed to the presence of peptidoglycans in the dialysis solutions. These have 

noww been omitted (unpublished data). 

Reportss on the biocompatibility of icodextrin are equivocal [136-140]. One in vitro studv 

showedd no difference in phagocytosis between icodextrin and glucose solutions at low pH [88], 

butt another reported improved phagocytosis of polymorphonuclear neutrophils and monocytes 

afterr incubation with icodextrin [141]. In addition, some studies showed similar values for 

mesotheliall  cell mass markers [142,143], whereas another study showed a decrease of CA-125 

appearancee with the use of icodextrin compared to glucose [119] or enhanced apoptosis when 

icodextrinn was used [144]. There was a beneficial effect on cell growth for icodextrin compared 

too glucose-solutions [106,140]. Nonetheless, icodextrin contains less glucose degradation 

productss than a 1.36% glucose solution [145], and wil l therefore not lead to extensive AGE 

formationn [146], 

Thee peritoneal transport characteristics of icodextrin have been studied with standardized 

44 hour dwells [74]. MTACs of small solutes and protein clearances were similar with icodextrin, 

comparedd to those obtained with glucose. Only the clearance of (3-2-microglobulin was 

somewhatt higher when icodextrin was used. This can be explained by the colloid osmotic 

pressuree that exerts its effect over the small pores, leading to increased convective transport of 

thiss small protein, which can pass through these pores [116]. The increase of transcapilkry 

ultrafiltrationn in time during a 4 hours dwell with icodextrin is linear, compared to the hyperbolic 

profilee when glucose is used [74]. Therefore, because of the sustained ultrafiltration, icodextrin is 

mostt effective when used for the long dwells. 

3.2.2.3.2.2. Amino acids 

Aminoo acids as dialvsis solutions have been developed to compensate for the loss of amino acids 

duringg peritoneal dialysis [147]. Because of their high absorption rates, averaging 80% [148], 

aminoo acids have been suggested for use in malnourished PD patients [149-151]. Plasma albumin 

levelss increased and mortality rates decreased [151]. However, owing to the high absorption, a 

highh nitrogen load limit s the use to only once daily. 

Thee solutions consist of a combination of different amino acids, buffered with lactate. 

Thee pH of this solution (6.7) is higher than the pH of glucose solutions. The effect on 

mesotheliall  cell cultures has been found less toxic [152,153] or similar to glucose [154]. 

Thee effects of amino acid solutions on peritoneal transport are equivocal [155], 

Unchangedd transport rates have been reported [156], but also slightly increased transport of small 

solutess and macromolecules was found, when a 1.1% amino acid solution was compared with a 
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1.36%% glucose solution [157,158]. This difference could be ascribed to an increase in peritoneal 

bloodd flow. 

3.2.3.3.2.3. Glycerol 

Glyceroll  is the only osmotic agent that can totally replace glucose. It is a low molecular weight 

sugarr alcohol of 92 Daltons, that is a normal physiological component of plasma. It is taken up 

byy the liver for 70-90%, where it serves as an precursor for gluconeogenesis, and the remainder is 

metabolizedd by the kidneys and other tissues [159,160]. Long-term studies in stable patients, 

revealedd good tolerance [161,162], although a high glycerol absorption can be responsible for a 

hyperosmolarityy syndrome [160]. 

Glyceroll  was found to be less inhibory on mesothelial cell proliferation in vitro than other 

osmoticc agents [87,163]. An ex vivo study, however, suggested that glycerol-based dialysate 

inhibitedd phagocytosis of peritoneal macrophages more than glucose [164]. In patients starting 

withh PD using only glycerol based solutions higher CA-125 concentrations after 1-3 months were 

foundd compared to patients starting with glucose-based solutions [165], suggesting that peritoneal 

viability'' is better preserved with glycerol. 

Althoughh glycerol is well tolerated, its use is limited because it induces less ultrafiltration 

perr mOsmol than glucose [166], owing to its greater absorption, caused by the low molecular 

weightt of glycerol (92 Da), compared to glucose (180 Da). In addition it has been assumed that a 

lowerr osmotic reflection coefficient compared to glucose, also contributed to this phenomenon. 

Thiss possibility was investigated in chapter 9. The effect of a glycerol based dialysis solution on 

solutee transport is similar to that of glucose solutions [167-169]. The effect on sodium sieving 

appearedd to be very marked [167], suggesting an import role for the transcellular water channels. 
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4.. Ultrafiltratio n failur e 

Ultrafiltrationn failure (UFF) is a serious complication of peritoneal dialysis. It is characterized 

functionallyy bv an insufficient ability to remove excess of fluid from the body. Eventually it can 

resultt in the necessity to prescribe a fluid restriction and to the use of higher dialysate glucose-

concentrat ions,, short cycle PD, or incidental ultrafiltration with a hemodialyzer. Sometimes it is 

thee end of PD-treatment. A universal definition of UFF has been lacking for a long time, 

resultingg in a wide variety of prevalence numbers. Some applied the inability to remain at a 

certainn dry-weight as clinical definition. Others considered the use of more than 2 hypertonic 

bagss per day as ultrafiltration failure [170-172]. Others used a definition based on a standardized 

exchangee and considered UFF to be present, for instance when there was negative net 

ultrafiltrationn with a 1.36% glucose dwell [173,174]. The International Society of Peritoneal 

Dialysiss (ISPD) committee on ultrafiltration failure has advised to perform a standardized test 

withh 3.86% glucose, and considered a net ultrafiltration of less than 400 mL after a 4 hours dwell 

ass UFF [113). A cross sectional study in a small number of PD patients, using the 400 m L /4 hrs 

onn 3.86%) glucose definition reported a prevalence of 23%) [174]. 

Althoughh UFF can occur in any stage of peritoneal dialysis, it may develop in time 

[175,176],, and is therefore especially important in long-term PD. 

4.1.4.1. General causes of UFF 

Whenn a standardized dialysis dwell is used, a low drained volume can either be caused by 

mechanicall  problems or by peritoneal membrane failure. Non membrane related causes, such as 

catheterr dislocation or subcutaneous leaks should be ruled out. There are different membrane-

relatedd causes of ultrafiltration failure. The presence of a large vascular surface area, characterized 

byy a high mass transfer area coefficient (MTAC) or dialysate/plasma ratio of creatinine, is the 

majorr cause of ultrafiltration failure. It leads to high absorption rates of low molecular weight 

osmoticc agents and therefore to a rapid disappearance of the osmotic gradient [177]. A large 

peritoneall  surface area can be anatomic, due to neoangiogenesis in the peritoneum [40], or 

functionall  when more existing peritoneal microvessels are perfused. In addition, a high effective 

lymphaticc absorption rate can be the cause of ultrafiltration failure, due to a decrease in 

intraperitoneall  volume [178,179]. Impaired free water transport, caused by a decreased osmotic 

conductancee to glucose, is also an important cause of ultrafiltration failure [30,34,180]. Osmotic 

conductancee to glucose is the product of the peritoneal ultrafiltration coefficient (L S) and the 

reflectionn coefficient of glucose (O) [181]. A reduced L S x CT product wil l lead to a decrease in 
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peritoneall  free water transport, and therefore to less sodium sieving. A very rare cause for 

ultrafiltrationn failure is the presence of an extremely small vascular surface area, e.g. in case of 

adhesions,, where only a limited part of the peritoneum is available as a dialysis membrane 

[182,183].. A combination of factors may also be present. 

4.2.4.2. Lultrafiltration failure in long-term PD 

Ultrafiltrationn failure is the most frequent transport abnormality in long-term PD. Based on a 

clinicall  definition its prevalence increased from 3% after 1 year on PD to 31% for patients 

treatedd with PD for more than 6 years [178]. Ultrafiltration failure was the main reason for 

discontinuationn of PD in 51% of patients after 6 years of PD treatment [184]. 

Inn long-term patients the presence of a large vascular surface area, as judged from fast 

transportt rates of low molecular weight solutes, is by far the most frequent cause of ultrafiltration 

failuree [181]. This fits well with the finding of an increased number of vessels in the peritoneal 

membranee of long-term PD patients [39,40]. High fluid absorption rates, measured as the 

clearancee of intraperitoneally administered macromolecules, is regarded to be another important 

causee of ultrafiltration failure in long-term PD [185], A decreased osmotic conductance to 

glucosee estimated by the sieving of sodium is a third major cause of ultrafiltration failure [30,181]. 

AA decreased osmotic conductance to glucose might in principle be due to a decreased peritoneal 

ultrafiltrationn coefficient or to a decreased aquaporin mediated water transport. As mentioned 

before,, the ultrafiltration coefficient (L S) is the product of liquid permeability (Lp) and the 

peritoneall  surface area (S). As S is increased in long-term PD, a marked reduction of L? would 

havee to be present to explain the decreased osmotic conductance to glucose by a decreased LpS. 

LL is unlikely to be low, as transport rates of low molecular weight solutes are high in long-term 

PDD with ultrafiltration failure [186]. Therefore, it is more likely that a reduced CJ explains the 

decreasedd free water transport. O is to a large extent dependent on the function of peritoneal 

aquaporins,, because these water channels are permeable to water and not to glucose. As they are 

alsoo not permeable to sodium, the reduced peritoneal free water transport is likely to be caused 

byy an impaired function of peritoneal aquaporin-1. The cause of this impairment is unlikely to be 

causedd by a reduced number of water channels, because the expression of aquaporin-1 has been 

foundd normal in ultrafiltration failure [34]. Thus, the decreased water transport can most likely be 

attributedd to a functional impairment of the water channels. The mechanism of this impairment 

iss yet to be revealed Various combinations of causes of ultrafiltration failure are present in long-

termm PD patients [174]. 
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Long-termm PD patients have lower mesothelial cell mass, resulting from lower dialvsate 

CA-1255 concentrations, in cross-sectional [187], as well as in longitudinal studies [142], This is in 

accordancee with the kiss of mesothelial cells that has been found in long-term patients [39]. The 

findingg that patients with low CA-125 had higher restriction coefficients than others [187], is also 

inn accordance with the more severe fibrotic alterations in patients with absent mesothelium in 

theirr peritoneal biopsies [39]. 

4.3.4.3. Ultrafiltration failure in acute peritonitis 

Infectiouss peritonitis is still a frequent complication of peritoneal dialysis. It is associated with 

morphological,, as well as functional alterations, which are reversible in most cases. The 

morphologicall  changes consist of destruction of the mesothelial cell layer [38,188-190]. In 

uncomplicatedd peritonitis this recovers within 10 days [189]. CA-125 levels have been found to 

bee markedly increased in the acute phase of peritonitis, due to acute damage [191], followed by a 

secondd increase after a few days, reflecting peritoneal healing. After the recover}' of peritonitis, 

CA-1255 levels were similar to stable conditions. Stromal alterations during peritonitis consist of 

oedemaa and increased microvascular density. In the effluents increased concentrations of 

prostaglandinss and cytokines are found, like IL- 6 and TNFCX [192]. 

Impairedd ultrafiltration with CAPD is a transient phenomenon during acute peritonitis [52]. 

Thee high solute transport rates during acute peritonitis lead to a rapid dissipation of the osmotic 

gradientt caused by augmented absorption of glucose from the peritoneal cavitv [52,193-195]. The 

infectionn induced hyperpermeability is probably caused by increased secretion of vasoactive 

substancess such as prostaglandins and cytokines [192,196] and an up-regulation of NO-synthase 

activity'' [70,195,197,198]. These mediators are likely to increase the number of perfused 

peritoneall  capillaries, leading to a functional increment of the vascular peritoneal surface area. 

Thiss leads to an increase in transcapillary ultrafiltration rate (TCUFR) in the first minutes of a 

dwelll  during peritonitis, compared to the stable situation [195]. In addition, vasodilation leads to 

aa reduced size-selectivity, resulting in a decreased restriction coefficient to macromolecules [192]. 

Reportss on alterations on lymphatic absorption rates in peritonitis are equivocal: increased [199] 

ass well as similar [200] lymphatic absorption rates have been described in rats. Free water 

transportt in peritonitis was investigated in rats by Combet etal.. An impairment of sodium sieving 

wass found in rats with acute peritonitis [70]. Since high diffusion rates were present in these rats, 

andd no correction for sodium sieving was made, this could possibly have caused blunting of the 

D / PP sodium ratio. 
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5.. Aim and outline of the thesis 

Peritoneall  fluid transport is crucial for the success of peritoneal dialysis. Together with solute 

transport,, it is subject to changes, either due to extrinsic or to intrinsic alterations. An extrinsic 

alterationn can be the change to another dialysis solution. Another solution can have another 

osmoticc effect, either due to a different crystalloid osmotic pressure gradient, a different 

reflectionn coefficient of the dialysis solution, or to another osmotic drive, like colloid osmosis. 

Intrinsicc changes that can influence peritoneal fluid transport are chronic peritoneal membrane 

alterations,, as seen in long-term peritoneal dialysis, and inflammation, as seen in acute CAPD 

peritonitis.. The role of chronic inflammation or diabetes is uncertain. 

Thee aim of this thesis was to analyze various aspects of peritoneal water transport, in 

differentt conditions in peritoneal dialysis patients. 

Inn chapter  1 a review of data on peritoneal membrane status and peritoneal transport during 

peritoneall  dialysis is described in the General Introduction . The current knowledge of changes 

inn both is summarized. Also the different available dialysis solutions and their possible role in 

membranee alterations and transport characteristics are discussed. In addition a review is given of 

thee causes of ultrafiltration failure in general, in long-term PD and in acute CAPD peritonitis. 

Chapterr  2 describes the comparison that was made between peritoneal function tests 

usingg a 1.36% glucose solution and a 3.86% glucose solution. Solute transport and fluid kinetics 

weree assessed. In addition a comparison was made for the assessment of free water transport 

usingg the difference in net ultrafiltration of the two tests and the sodium sieving in a 3.86% 

glucosee exchange. 

Inn chapter  3 reference values for the peritoneal function test with 3.86% glucose are 

provided.. Also an analysis of the causes of ultrafiltration failure in a subgroup of patients is given. 

Chapterr  4 offers a method to correct for sodium sieving in the assessment of sodium 

sieving,, which is applicable in a peritoneal equilibration test (PET). This method was tested 

againstt the reference method, which requires the more advanced techniques of the standard 

peritoneall  permeability analysis (SPA). 

Inn chapter  5 a method was applied to quantify the volume of free water transport during 

aa dwell. With this method sodium transport through the small pores was calculated, using 

dialysatee sodium concentrations and intraperitoneal volumes obtained during one single SPA. 

Thiss was then subtracted from the total transcapillary ultrafiltration, resulting in free water 

transport.. The method was compared to other methods that estimate free water transport. 
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Chapterr  6 describes free water transport and other transport characteristics in patients 

justt starting with peritoneal dialysis. A comparison between diabetics and non-diabetics is made. 

Differencess between the results in patients and in diabetic rats are discussed. 

I nn chapter  7 a comparison was made in free water transport between patients with 

differentt types of fast transport status. Patients with acute CAPD peritonitis were compared with 

long-termm patients, matched for MTA C creatinine and with patients with similar high transport 

ratess at the start of PD treatment. The results are related to computer simulations by Rippe et a/., 

andd possible etiological factors are discussed. 

Chapterr  8 describes a multi-center study in which the prevalence of ultrafiltration failure 

inn patients treated for more than 4 years in 11 dialysis centers in the Netherlands was 

investigated.. Figures on the prevalence are given and an analysis of the causes of ultrafiltration 

failuree is provided. Also a possible relation with peritonitis episodes or a chronic state of 

inflammationn was examined. 

Inn chapter  9 the peritoneal transport characteristics of a glycerol-containing dialysis 

solutionn were compared with a glucose-solution. Comparisons of sodium sieving and peritoneal 

reflectionn coefficients were made. Also direct cytotoxicity and the occurrence of hyperosmolarity 

ass side effect were evaluated. 

Chapterr  10 describes the effects of treatment with non-glucose dialysis solutions in 

patientss with severe ultrafiltration failure. A separate analysis was performed in patients with 

encapsulatingg peritoneal sclerosis. Differences between the peritoneal sclerosis and non-sclerosis 

patientss are discussed. 

Chapterr  11 is a General Discussion, in which all aspects of peritoneal water transport are 

summarizedd and discussed. Chapter  12 is the Summary 
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Abstract t 

Objective:Objective: To assess peritoneal membrane function with respect to fluid transport, parameters of 

loww molecular weight solute transport, and estimation of the function of peritoneal water 

channels,, comparing the results from a 1.36%/1.5% glucose solution with those from a 

3 .86%/4 .25%% glucose solution in standardized peritoneal function tests. 

Design:Design: The studv was performed in 40 stable continuous ambulator}- peritoneal dialysis (CAPD) 

patientss [median age 50 vears (range 22-74 years); duration of CAPD 9 months (range:2-45 

months) ],, who underwent two standard peritoneal permeability analyses (SPAs) within one 

month.. One SPA used 1.36% glucose; the other 3.86% glucose. Mass transfer area coefficients 

(MTACs)) and dialvsate-to-plasma (D/P) ratios were compared for the two solutions. Also, two 

differentt methods of estimating aquaporin-mediated water transport were compared: the sieving 

off  sodium (3.86% glucose) and the difference in net ultrafiltration (ANUF), calculated as 

NUF3.86%,, SPA - N U F l . 3 6% SPA. 

Results:Results: Median N UF in the 1.36% glucose SPA was -46 mL (range: -582 mL to 238 m l ) ; in 

the3.86%% SPA, it wras 554 mL (range: -274 mL to 1126 mL).The median difference in N U F for 

thee two SPAs was 597 mL (range: 90 to 1320 mL). No difference between the two solutions was 

seenn for the MTACs of creatinine (11.4 m L / m in for 1.36% vs 12.0 mL /m in for 3.86%) and 

absorpt ionn of glucose (64% vs 65%, respectivelv). Also D / P creatinine was not different: 0.77 

(1.36%)) and 0.78 (3.86%). However, the ratio of dialysate glucose at 240 minutes and at 0 

minutess (D/D,,) glucose was 0.34 (1.36%) and 0.24 (3.86%), p<0.01. Values of D / P creatinine 

fromm the two glucose solutions were strongly correlated. The intra-induvidual differences were 

smalll  and showed a random distribution. Patient transport category was minimally influenced by 

thee tonicity of the dialysate. The minimum D / P Na+ (3.86%) was 0.884, and it was reached after 

600 minutes. After correction for Nadif fusion, D / P Na* decreased to 0.849 after 120 minutes. 

Thee correlation coefficient between the diffusion corrected D / P Na* and ANU F was 0.49, p< 

0.01.. An inverse relationship was present between MTA C creatinine and D / P Na* (p< 0.01) This 

correlationn can be explained by the rapid disappearance of the osmotic gradient owing to a large 

vascularr surface area. Such a correlation was not present between MTA C creatinine and ANUF. 

Conclusions:Conclusions: We conclude that a standardized 4-hour peritoneal permeability test using 

3.86%o/4.25%% glucose is the preferred method to assess peritoneal membrane function, including 

aquaporinn mediated water transport. The D / P N a' after correction for Na* diffusion is probably 

moree useful for the assessment of aquaporin mediated water transport than is ANU F obtained 

wit hh 3 .86%/4.25% and 1.36%/1.5% glucose-based dialysis solution. 
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Introductio n n 

Thee peritoneal equilibration test (PET), described by Twardowski et ai in 1987, is currently the 

testt most widely used to assess peritoneal transport in continuous ambulatory peritoneal dialysis 

(CAPD)) [1]. The test is performed during a 4 hours dwell with a 2.27%/2.5% glucose dialysis 

solution.. It measures low molecular weight solute transfer and net ultrafiltration. The 

dialysate/plasmaa ratio (D/P) of creatinine at the end of the procedure, and the ratio of dialysate 

glucosee at 240 minutes to dialysate glucose at 0 minutes (Dt/D,h) are calculated and used as 

parameterss of solute transport. Net ultrafiltration (NUF) is calculated as the difference between 

thee drained volume and the instilled volume. Based on population studies, patients are 

categorizedd as low, low-average, high-average or high transporters and recommendations for 

treatmentt can be given [2,3]. 

Thee standard peritoneal permeability analysis (SPA) is a more sophisticated way to assess 

peritoneall  function [4]. It uses intraperitoneally administered dextran 70 to study fluid kinetics 

duringg a 4 hours dwell. The test was originally developed using 1.36%/1.5% glucose. In a SPA, 

masss transfer area coefficients (MTAC) of low molecular weight solutes are calculated, as are the 

percentagee absorption of glucose and the peritoneal clearances of serum proteins. The PET 

parameterss can be calculated from the SPA data. Conversely the D /P creatinine and the Dt/DO 

glucosee can be used with the drained volume to calculate the MTAC creatinine and the 

percentagee glucose absorption. 

Itt has recendy been proposed that a peritoneal function test should be performed with a 

3.86%/4.25%% glucose dialysis solution. Such a test provides better information on ultrafiltration, 

becausee the larger drained volume makes the results less subject to measurement errors, and 

becausee the sodium sieving phenomenon associated with a hypertonic glucose solution provides 

ann assessment of aquaporin-mediated water transport [5]. The sodium sieving phenomenon is the 

resultt of a decreasing dialysate sodium concentration owing to uncoupled water transport 

throughh the peritoneal water channels under influence of the high crystalloid osmotic gradient 

fromm the hypertonic solution. The magnitude of the dip in D /P Na* is a rough estimate for the 

functionn of the water channels [6,7]. Another approach to the assessment of aquaporin mediated 

waterr transport is to calculate the difference in net ultrafiltration (ANUF) obtained after a 4 hours 

dwelll  with 3.86%/4.25% glucose and one with 1.36%/1.5% glucose. In a 1.36%/1.5% glucose 

dwelll  the osmotic pressure gradient depends on a small crystalloid osmotic pressure gradient in 

combinationn with hydrostatic and colloid osmotic pressures. On the other hand, in a 

3.86%/4.25%% glucose dwell the crystalloid osmotic pressure is much higher and exceeds the 
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otherr pressure gradients. Consequently, the N UF wil l depend much more on the number and 

functionn of the water channels. Therefore, the ANUF, calculated as N U F 3.86%/4.25% - N UF 

1.36%/1.55 % wil l decrease when aquaporin-mediated water transport is impaired. 

Givenn this situation, it follows that a 3.86%/4.25% glucose solution is currendv the most 

informativee way to assess peritoneal function. However, normal values for solute transfer in the 

P ETT have been obtained with 2.27%/2.5% glucose-based dialysate. Because 3.86%/4.25% 

glucosee initiates more convective transport than 2 .27%/2.5% glucose, an effect of dialysis 

solutionn osmolality on D / P creatinine and D,/D„  glucose can not be excluded. In a previous 

studyy in 10 C A PD patients, we found that MTACs of low molecular weight solutes were not 

affectedd by the tonicity of the solution [8]. 

Thee aim of the present study was to compare, in standardized peritoneal permeabilitv 

analysess in stable C A PD patients, a 1.36%/1.5% glucose dialysis solution (highest 

dif fusion/convectionn ratio) with a 3.86%/4.25% glucose (lowest diffusion/convection ratio). 

Thee parameters of interest were fluid transport, low molecular solute transport, and estimations 

off  the function of peritoneal water channels. 

Pat ientss and Methods 

Twoo Standard Peritoneal permeability Analyses (SPA) were performed in 40 stable CAPD 

patients.. The test solutions contained 1.36% glucose and 3.86% glucose (both PD1 Dianeal, 

Baxterr B.V., Utrecht, the Netherlands). Table 1 summarizes the composit ion of the two fluids. 

Thee interval between the SPAs was less than one month. 

Thee mean age of the patients was 50 years (range: 22 - 74 years). The mean duration of 

C A PDD therapy was 9 months (range: 2 - 45 months). Al l patients used commercially available 

dialysatee (Dianeal). None of the patients had peritonitis at the time of the studv or during the 

precedingg 4 weeks. 

Procedure Procedure 

Eachh SPA was performed during a 4-hour dwell, as described previously [4]. One test used 

1.36%/1.5%% glucose, the other used 3.86%/4.25% glucose. In the various patients the SPAs 

weree performed in random order. To avoid the possible effects of the residual volume before the 

test,, and to calculate the residual volume after the test, each SPA was preceded and followed by a 

rinsingg procedure with 1.36%/1.5% glucose. Dialysate samples were taken before instillation and 

att multiple time points during the test (10, 20, 30, 60, 120, 180 and 240 minutes). Blood samples 
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weree taken at the beginning and at the end of the test-period. A volume-marker, dextran 70 1 g/L 

(Hyskon,, Medisan Pharmaceuticals AB, Uppsala, Sweden), was used to calculate fluid kinetics. To 

preventt a possible anaphylactic reaction to dextran 70, dextran 1 (Promiten, NPBI, 

Emmercompascuum,, the Netherlands) was injected intravenously before instillation of the test 

bagg [9]. 

Tablee 1. Composition of the dialysis solutions used 

1.36%% Glucose 
(766 mmol/L) 

132 2 

1.75 5 

0.75 5 

102 2 

35 5 

347 7 

5.5 5 

3.86%% Glucose 
(2033 mmol/L) 

132 2 

1.75 5 

0.75 5 

102 2 

35 5 

486 6 

5.5 5 

Na++ (mmol/L) 

Ca+**  (mmol/L) 

Mg+++ (mmol/L) 

CI-- (mmol/L) 

lactatee (mmol/L) 

osmolalityy (mosmol/L) 

PH H 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [10]. 

Creatinine,, urea and urate were measured by enzymatic methods (Boehringer Mannheim, 

Mannheim,, Germany). All electrolytes were determined using ion selective electrodes. Glucose 

waswas measured by the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II, 

Technicon,, Terrytown, USA) 

Calculations Calculations 

Alll  calculations were performed as previously described by Pannekeet et al [4]. Briefly, changes in 

intraperitoneall  volume are the result of transcapillary ultrafiltration and lymphatic absorption. 

Bothh parameters were assessed with the intraperitoneally administered volume marker dextran 

70.. Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the volume marker, 

byy subtracting the initial intraperitoneal volume (IPV) from the theoretical IPV (when both 

lymphaticc absorption and sampling would not have been present) at any time point. The effective 

lymphaticc absorption rate (ELAR) was calculated as the peritoneal dextran clearance [11] This 
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calculationn implies that ELAR includes all pathways of uptake into the lymphatic system, both 

subdiaphragmaticc and interstitial, and will yield higher values than those obtained from the 

appearancee rate of the tracer in the circulation. 

Thee net ultrafiltration is the difference between the transcapillary ultrafiltration and the 

effectivee lvmphatic absorption. Peritoneal handling of low molecular weight solutes was 

expressedd as MTA C and D / P ratios. The MTA C represents the maximal theoretical diffusive 

clearancee of a solute at t=0, before transport has actually started. In this study we used the 

Waniewskii  model [12], where the solute concentration was expressed per volume of plasma water 

[13]. . 

Glucosee absorption was calculated as the difference between the amount of glucose 

instilledd and the amount recovered, relative to instilled. 

Thee D / P sodium was calculated as the dialysate sodium concentration divided by the 

plasmaa sodium concentration. The difference between initial D / P sodium and the lowest D / P 

sodiumm (usually after 1-2 hours) yielded A D / P sodium. Correction for Na" diffusion from the 

circulationn to the dialysate, known to cause blunting of the decrease in D / P N a ', was carried out 

ass previously described [14], using the mass transfer area coefficient of urate. The calculated 

diffusedd sodium concentration in the dialysate can than be subtracted from the measured 

concentrationn at any time point, giving in the actual N a' sieving. 

StatisticalStatistical analysis 

Resultss are presented as medians and ranges, because most data were asymmetrically distributed. 

Wheree appropriate means+ / -SEM are given. The Wilcoxon's matched pairs rank sum test was 

usedd to compare the results of the two solutions. The Spearman rank correlation analysis was 

usedd to investigate possible correlations. Both tests were compared using the method introduced 

bvv Bland and Altman [15]. In the Bland-Altman analysis, agreement between two tests is 

investigatedd by plotting the differences between pairs of individual values against the means of 

thee same values. 

Resul ts s 

FluidFluid transport 

Tablee 2 and Figure 1 give the results of fluid transport kinetics. Median net ultrafiltration was -46 

mLL for the 1.36%/1.5% glucose exchange and 554 mL when 3.86%/4.25% glucose was used. 

Thee median difference between net ultrafiltration for the two dialysis solutions, ANUF, was 597 
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mL.. Transcapülary ultrafiltration (TCUF) after the 4-hour dwell was 244 mL for 1.36%/1.5% 

glucosee and 803 mL for 3.86%/4.25% glucose. The effective lymphatic absorption rate was not 

differentt during the two experiments. 

££ 300 

> > 
2::  200 

< < 

100--

0 0 

-100 0 

Figur ee 1. 
Intraperitoneall  fluid changes 
duringg the 4 hrs dwell for 
1.36%/1.5%% glucose (closed 
circles)) and 3.86%/4.25% 
glucosee (open circles). 

00 60 120 180 240 

timee (min) 

SievingSieving of sodium 

AA marked dip in D /P sodium was found in the initial phase of the 3.86%/4.25% glucose dwell. 

Thee dip was even more pronounced after correction for sodium diffusion (Figure 2). The median 

valuee for D /P sodium at the beginning of the dwell was 0.927 (0.890 - 1.00). After 60 minutes 

D/PP sodium was significantly lower (0.884, p < 0.001) and after the 240 minutes D /P was still 

lowerr than at 0 minutes (0.910), although the difference was no longer significant (p = 0.06). 

Tablee 2. Peritoneal fluid kinetics (N=40, median values and ranges) during a 4 hours dwell with 1.36% 
glucosee and 3.86% glucose based dialysate 

1.36%% glucose 3.86%% glucose 

Nett Ultrafiltration (mL/4 hrs) -466 (-582 to 238) 554*  (-274 to 1126) 

Transcapülaryy Ultrafiltration (mL/4 hrs) 2444 (12 to 641) 803**  (144 to 1422) 

Effectivee Lymphatic Absorption Rate (mL/min) 1.33 (0.4 to 3.6) 1.22 (0.2 to 3.5) 

p<0.011 compared to 1.36%/1.5% glucose 
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Whenn sodium dialvsate values were corrected for diffusion, the D /P was 0.859 (p < 0.001) at 1 

hourr and 0.859 at 4 hours (p < 0.001). The minimum D/P sodium after correction (0.849) 

occurredd at 120 minutes(p<0.001), compared to the initial value. 

Figuree 2. 
Dialysate/plasmaa ratio for sodium 
duringg the 4 hrs dwell before 
correctionn for sodium diffusion 
(closedd circles) and after correction 
forr sodium diffusion (open circles). 

120 0 

timee (min) 

SoluteSolute transport 

Tablee 3 summarizes the peritoneal solute kinetics. The MTACs of creatinine, urea and urate were 

similarr for the two test solutions. Also, the D/P creatinine was not different for the glucose 

1.36%/1.5%% solution as compared with the 3.86%/4.25% (0.78 vs 0.77 respectively). When the 

valuess for D/Pcreatinine from the test solutions were categorized into the various transport 

groups,, only slight changes in categorv occurred for a few patients, as shown in Table 4. 

Thee median absorption was similar for the two glucose solutions (64% vs 65%). 

However,, the Dt/D„  for glucose was significantly higher for the 1.36%/1.5% glucose solution 

thann for the 3.86%/4.25% solution (0.34 vs. 0.24, p < 0.01). 

Correlations Correlations 

AA positive, but poor correlation (r=0.29, p=0.068) was present for ANUF and AD/P sodium, 

whenn no correction was made for sodium diffusion. After correction, the correlation coefficient 

becamee 0.49 (p=0.001), as shown in Figure 3. A negative correlation between AD/P sodium and 

MTA CC creatinine was present: r=-0.34 (p=0.03). After correction for diffusion of sodium from 

thee circulation the r-value increased to -0.57 (p =0.01), as shown in Figure 4. 

Thee D /P creatinine values for 1.36%/1.5% glucose and for 3.86%/4.25% glucose were 

stronglyy correlated (correlation coefficient of 0.9, Figure 5). A Bland and Altman plot was used, 

too investigate the possible presence of systematic errors. It showed a random distribution of the 
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differencess in D /P creatinine between the test solutions (Figure 6). 

Tablee 3. Peritoneal solute kinetics (N—40, medians and range) in a standardized peritoneal permeability 
analysiss with 1.36%/1.5% glucose and 3.86%/4.25% glucose 

1.36%/1.5%% glucose 3.86%/4.25%% glucose 

MTA CC (mL/min) 

creatinine e 

Urate e 

Urea a 

D / PP creatinine 

Glucosee absorption (%) 

D240/DOO glucose 

12.00 (6.4-20.1) 

8.99 (4.6-21.0) 

18.00 (10.1-28.6) 

0.788 (0.53-0.98) 

644 (34-87) 

0.344 (0.12-0.56) 

11.4(6.5-21.8) ) 

8.88 (4.4-22.1) 

19.22 (12.3-28.1) 

0.777 (0.57-0.94) 

655 (43-86) 

0.24**  (0.09-0.40) 

**  p <0.01 

0.12 2 

0 .10 --

mm 0.06 
p. . 
55 0.04 
< < 

0.02 2 

Figuree 3. 
Correlationn between two different methods for 
assessingg aquaporin-mediated water transport; 
ANUFF (horizontal axis) and AD/P sodium 
(verticall  axis). The correlation became significant 
afterr correction for sodium diffusion from the 
circulationn (lower panel). 

AA NUF glucos e 3S6%.,.36% 

Discussion n 

Thee aim of the study was to compare the peritoneal permeability characteristics of two glucose 

solutionss with respect to fluid kinetics and solute transport under two glucose solutions, 

1.36%/1.5%% and 3.86%/4.25%. We wished to assess whether the extra information on 

aquaporin-mediatedd water transport, obtained using the dialysis solution with the higher 

osmolality,, would lead to problems interpreting the outcomes of the test usually performed with 
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Tabl ee 4. Comparison of transport categories for both test solutions. Low transport is D / P creatinine exceeding 
meann - 1SD, low-average is between mean and mean - 1SD, high average is between mean and mean + 1SD and 
highh transport is exceeding mean + 1SD. 'I*he bold numbers show corresponding transport groups for both 
tests. . 

1.36%/ / 

Low w 

5 5 

1 1 

0 0 

0 0 

6 6 

1.5% % 

Low w 

0 0 

14 4 

0 0 

0 0 

14 4 

Average e High h 
Average e 

0 0 

~i ~i 

9 9 

4 4 

15 5 

High h 

0 0 

0 0 

0 0 

5 5 

5 5 

tot t 

5 5 

r r 
9 9 

9 9 

40 0 

3.86%/4.25% % 

II  ,ow 

Loww Average 

11 llgh Average 

High h 

Total l 

1.36%/1.5%% glucose (SPA) or 2.27%/2.5% glucose (PET). We chose to compare the solutions 

withh lowest and highest osmolality that are commercially available, assuming that if a 

1.36%/1.5%% glucose solution (highest diffusion/convection ratio) yielded the same transport 

parameterss as a 3 .86%/4.25% solution (lowest diffusion/convection ratio), then the results 

wouldd not be different for a 2 .27%/2.5% glucose solution. 

ComparisonComparison of 1.36%/1.5% glucose and 3.86%/4.25% glucose 

Ass expected, the 3 .86%/4.25% glucose dialysate gave significantly higher transcapillary 

ultrafiltrationn and net ultrafiltration. The effective lymphatic absorption rate (ELAR), estimated 

fromm the disappearance of dextran, was not affected by the osmolarity of the test solution. This is 

consistentt with previous publications [8,16,17], The comparison of MTACs of creatinine, urea and 

uratee revealed no difference between the two dialysis solutions. This result accords with the 

findingss in a previous study from our group in a limited number of patients [8]. The implication 

iss that tonicity" has no effect on the effective peritoneal surface area, which is thought to be 

determinedd mainly by the number of perfused capillaries, and which can therefore be regarded as 

ann indirect measure of the number of small pores available for transport. The tonicity' of the 

solutionn had also no effect on the D / P ratio of creatinine. Furthermore, the small intraindividual 

differencess showed a random distribution. Consequendy, the transport status of the patients was 

littl ee influenced. Virga et al. also observed no statistically significant differences between 1.36% 

andd 3.86% glucose using the fast P ET [18]. 
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Figuree 4. 
Correlationn between MTAC creatinine (mL/min, 
horizontall  axis) and AD/P sodium (vertical axis) 
beforee (upper panel) and after (lower panel) 
correctionn for sodium diffusion 

Thee absorption of glucose was similar in the two tests; however, the D,/D(1 glucose ratio 

forr glucose showed a significant difference, with a lower value for the dwell with 3.86%/4.25% 

glucose.. The cause of this inequality is probably the larger drained volume due to the higher 

transcapillaryy ultrafiltration for the 3.86%/4.25% glucose dwell, which leads to dilution of the 

dialysatee glucose content. 

a.a. o.6 
a a 

rr  = 0.90 
pp < 0.01 

Figuree 5. 
Correlationn between D/P creatinine for 
1.36%/1.5%% glucose and 3.86%/4.25% 
glucose.. The correlation coefficient was 0.9 
(p<0.01). . 

D/PP creatinin e 1.36% glucos e 

AssessmentAssessment of channel-mediated water transport 

Inn the three pore model, suggested by Rippe et al [19,20], the peritoneum consists of a small 

numberr of large pores (transport of macromolecules), a large number of small pores (transport of 

smalll  solutes) and ultra-small pores (transport of water only). The water channel aquaporin-1 is 
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likelyy to be the most important of these peritoneal pores [21,22]. Because the small pores have a 

veryy low reflection coefficient to glucose, ultrafiltration through these pores will only be 

influencedd by the tonicity of the dialysis solution to a limited extent. Also, solutions with low 

+0.2 2 
CO O 
CO O 
CO O 

o o 
Q--Q.. 0.1 

,-::  o.o 

o o 
0. . 

m e a n -- 2 SD 

0.55 0.6 0.7 0.8 0.9 1.0 

Meann of D/Pcr 1.36% and D/Pcr 3.86% 

Figuree 6. 
Blandd anc 
differencess between D /P 
creatininee for 1.36%/1.5% 
glucosee and 3.86%/4.25% 
glucosee versus their 
means.. No systematic 
errorss were found, 
implyingg good agreement 
betweenn the two tests. 

hyperosmolalityy (1.36%/1.5% glucose) will induce littl e aquaporin-mediated water transport. The 

ultrafiltrationn induced by merely hypertonic solutions (3.86%/4.25% glucose) will especially be 

dependentt on channel-mediated water transport. As a consequence, we considered the difference 

inn net ultrafiltration between 1.36%/1.5% glucose and 3.86%/4.25% glucose to be a rough 

indicatorr of the number and function of the ultra small pores [23,24]. 

Anotherr indirect method to estimate the magnitude of transcellular water transport is to 

measuree the dip in D /P sodium in the initial phase of the dwell. To avoid underestimation of this 

dip,, owing to diffusion of sodium from the circulation to the peritoneal cavity, we corrected for 

thee diffusion. As previously described, the most precise way to perform this correction is 

probablyy with the MTAC of urate, but similar values can be obtained with the MTAC of 

creatinine,, which can be calculated from the PET results [14]. 

Inn the present study, we investigated these two very different ways -the difference in 

NUFF and dip in D /P sodium- to assess aquaporin-mediated water transport.. Although a rather 

widee range was observed, the two parameters were positively correlated. Our results imply that 

bothh methods provide a rough estimate of channel-mediated water transport. For practical 

purposes,, measurement of dialysate sodium concentration at the beginning of a dwell with 

3.86%/4.25%% glucose and again after 1 hour is probably the easiest way to estimate aquaporin-
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mediatedd water transport. 

Thee negative correlation between the MTAC creatinine and the AD/P sodium can be 

explainedd by the larger peritoneal surface area. The more small pores are available for transport, 

thee higher the absorption of the osmotic agent from the peritoneal cavity to the circulation. As a 

consequence,, aquaporin-mediated water transport will diminish, and net ultrafiltration will be 

low.. No correlation was seen between ANUF and the MTAC of creatinine. This also supports 

thee contention that measurement of D /P ratio of sodium after 1 hour during a dwell is probably 

moree reliable as an estimation of transcellular water transport. 

Wee conclude that in the follow-up of peritoneal dialysis patients, a 4 hour PET or SPA test, 

performedd with 3.86%/4.25% glucose is the test of choice. It gives essential extra information on 

aquaporin-mediatedd water transport, without losing or blurring information on small solute 

transportt parameters. 
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Abstract t 

Background:Background: The most widely used peritoneal function test, the PET, is performed with a 2.27 % 

glucosee solution. Recendy, the ISPD committee on ultrafiltration failure (UFF) advised to 

performm the test with 3.86% glucose, because this is more sensitive to detect clinically significant 

ultrafiltrationn failure. Because no reference values for this test were available we analyzed the 

resultss of standard peritoneal permeability analyses (SPAs) using 3.86% glucose. 

Methods:Methods: The tests were performed in our center in 154 clinically stable PD patients, who were 

freee of peritonitis for at least 4 weeks. For the assessment of reference values we used two 

approaches.. In approach A patients with ultrafiltration failure, defined as net ultrafiltration < 400 

m L / 44 hrs, were excluded. In approach B only patients within the first two vears of PD treatment 

weree included, regardless of the net ultrafiltration. Means and 95% confidence intervals were 

calculatedd for the transport parameters of P ET and SPA. 

Results:Results: Means of normal distribution with 9 5% confidence intervals in approach A were for 2.0 

literr exchanges: MTA C creatinine: 8.8 mL/min (4.7-12.7), D / P creatinine 0.70 (0.52 - 0.88), 

glucosee absorption 58% (44 -72), D t /D„glucose 0.28 (0.18 -0.38), net ultrafiltration 675 m l. (375 

-975),, maximal dip in D / P sodium after correction for diffusion from the circulation 0.110 (0.050 

-0.164).. For 1.5 liter exchanges the values were: MTA C creatinine 7.4 mL /m in (3.8 - 11.0), D / P 

creatininee 0.69 (0.52 - 0.86), glucose absorption 62% (52 - 72), D t /D ( 1 glucose 0.25 (0.17 - 0.32), 

nett UF 551 mL (430 - 670) and maximal dip D / P sodium 0.120 (0.048 - 0.166). In approach B 

thesee values were similar, but significantly higher values for lymphatic absorption 1.52 mL /m in 

(22 liter) and 1.40 m L / m in (1.5 liter), p< 0.01 and lower values for the maximum dip in D / P 

sodiumm were present 0.101 (2 liter) and 0.112 (1.5 liter), p> 0.05. This was probablv the result of 

thee inclusion of patients with ultrafiltration failure in approach B, regarding that these parameters 

cann be causative factors of UFF. 

Conclusions:Conclusions: I t can be concluded that a peritoneal transport function test using 3.86% glucose 

providess data on various aspects of transport. This study gives the normal reference values, 

whichh can be used for analysis of causes of ultrafiltration failure. 
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Introductio n n 

Inn the follow up of peritoneal dialysis patients the transport properties of the peritoneal 

membranee are measured to characterize the functional status of the membrane and to assess the 

requiredd dialysis dose. Such measurements are useful, because alterations in transport parameters 

occurr in the course of PD [1-4], In this way, intra-individual changes are detected and 

adjustmentss can be made. The peritoneal equilibration test (PET), originally described by 

Twardowskii  et al. in 1987 [5], is performed during a 4 hours dwell with a 2.27% glucose dialysis 

solution.. It measures low molecular weight solute transfer and net ultrafiltration. The 

dialysate/plasmaa ratio of creatinine (D/Pcreat) at the end of the procedure and the 

dialysate24i/initiall  dialysate ratio of glucose (Dt/Dlh) are calculated and used as parameters of 

solutee transport. The standard peritoneal permeability analysis (SPA) is an extension of the PET 

[6].. Mass transfer area coefficients of low molecular weight solutes, the percentage of glucose 

absorptionn and peritoneal clearances of serum proteins are calculated. It uses intraperitoneally 

administeredd dextran 70 to study fluid kinetics. The PET parameters can be calculated from the 

SPAA data. Reversely the D /P creatinine and the Dt/DO glucose can be used in combination with 

thee drained volume to calculate the MTAC creatinine and the percentage glucose absorption. 

Fluidd overload is an important problem in PD patients, especially when residual urine 

productionn is absent. It may be caused by a high fluid intake, inappropriate PD prescription, non-

compliance,, or by a low drained volume. The latter can be due to mechanical problems, such as 

catheterr dislocation or subcutaneous leakages, or to peritoneal membrane failure. When the 

diagnosiss of ultrafiltration failure is based on a clinical definition, all the above causes of 

overhydrationn are included, which might lead to overdiagnosis. Underdiagnosis is also possible, 

forr instance when a patient with impaired ultrafiltration, due to membrane failure, remains in a 

goodd hydration status because of strict adherence to a severe fluid restriction. Therefore, the 

definitionn of ultrafiltration failure should be based on a standardized dialysis dwell. Recently, the 

internationall  society for peritoneal dialysis (ISPD) committee on ultrafiltration failure has 

proposedd to perform peritoneal function tests with a 3.86% glucose solution, instead of the 

2.27%% glucose PET that has been common practice during the last decade [7]. A test with 3.86% 

glucosee provides better information on ultrafiltration, because the larger drained volume makes 

thee result less subject to measurement errors, and is more sensitive to detect clinically significant 

ultrafiltrationn failure. In addition, the phenomenon of sodium sieving, associated with a 

hypertonicc glucose solution, provides an assessment of free water transport [8]. Because the PET 

withh a 2.27% glucose solution is currently the most widely used test to assess peritoneal transport 
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inn P D, some concern has been raised about the interpretation of the results when a solution with 

aa different tonicity would be used. In a previous study comparing " P ET parameters" obtained 

wit hh 1.36°/» glucose and 3.86% glucose dialysate in 40 patients no effect of the dialysate glucose 

concentrat ionn was found on the D / P creatinine [9]. In addition, a comparison between 2.5% and 

4 .25%% dextrose, published recendy, also did not reveal any difference in D / P creatinine [10]. In 

thee present study we present reference values for 3.86% glucose P ET and SPA in a large number 

off  stable PD patients. 

Pat ientss and Methods 

AA total number of 350 SPAs were done in 154 PD patients. SPAs are performed in all patients in 

ourr peritoneal dialysis unit on a yearly and voluntary7 basis. In addition, some patients were 

referredd to our hospital when an ultrafiltration problem was suspected. When more than one test 

wass available, the most recent one was used, so only one test per patient was included. The 

analyzedd SPAs were performed between May 1996 and February 2000. Al l patients used 

commerciallvv available, glucose-based dialysis solutions (Dianeal, Baxter BV). None of the 

includedd patients had peritonitis during the test or in the preceding four weeks. 

Forr the assessment of the reference values we used two different approaches. The first 

(approachh A) was to exclude the patients with a net ultrafiltation of less than 400 mL in a 4 hours 

dwell,, because this was considered as a pathological situation and including the results of these 

patientss could disturb the reference values. The second approach (approach B) was to regard 

impairedd ultrafiltration as a condit ion that can be present in some PD patients at the start of PD 

andd does not necessarily indicate pathology. Therefore, in the second analysis the reference values 

weree calculated for all patients examined within the first 2 years of PD. It was assumed that no 

importantt structural changes in the peritoneal membrane would have occurred. 

Procedure Procedure 

Thee SPA was performed during a 4-hour dwell period, as described previously [6]. The test was 

donee with 3.86% glucose, using the volume the patient was used to. A 2 liters exchange was used 

inn two-thirds of the patients, a 1.5 liter one in the remaining third. The test dwell was preceded 

andd followed by a rinsing procedure with 1.36% glucose to avoid the possible effects of the 

residuall  volume before the test, and to calculate the residual volume after the test. Dialysate 

sampless were taken before instillation and at multiple time points during the test (10, 20, 30, 60, 

120,, 180 and 240 minutes). The effect of a dead space volume was avoided by temporarily 
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drainingg of 100-200 mL before the collection of each sample. Blood samples were taken at the 

beginningg and at the end of the test-period. A volume-marker, dextran 70 1 g/L (Hyskon, 

Medisann Pharmaceuticals AB, Uppsala, Sweden), was used to calculate fluid kinetics. The 

additionn of dextran 70 to dialysate fluid has no influence on the transport characterisics [11], To 

preventt a possible anaphylactic reaction to dextran 70, dextran 1 (Promiten, NPBI, 

Emmercompascuum,, the Netherlands) was injected intravenously before instillation of the test 

bagg [12]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography 13]. 

Creatinine,, urea and urate were measured by enzymatic methods (Boehringer Mannheim, 

Mannheim,, Germany). All electrolytes were determined using ion selective electrodes. Glucose 

waswas measured by the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II, 

Technicon,, Terry town, USA). Beta-2 microglobulin was determined with a microparticle enzyme 

immunoo assay with an Imx system (Abbott Diagnostics, North Chicago, IL, USA). Albumin, IgG 

andd alpha-2-macroglobulin were all measured by nephelometry (BN 100, Behring, Marburg, 

Germany),, with commercial antisera (Dakopatts, Glostrupp, Denmark). 

Calculations Calculations 

Alll  calculations were performed as previously described by Pannekeet et al [6]. 

FluidFluid kinetics 

Thee changes in intraperitoneal volume are the result of transcapillary ultrafiltration and lymphatic 

absorption.. Both parameters were assessed with the intraperitoneally administered volume 

markerr dextran 70. Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the 

volumee marker, by subtracting the initial intraperitoneal volume (IPV) from the theoretical IPV 

(whenn both lymphatic absorption and sampling would not have been present) at any time point. 

Thee effective lymphatic absorption rate (ELAR) was calculated as the peritoneal dextran 

clearancee [14]: 

(Dxi-Dxr) (Dxi-Dxr) 
ELAR(mLELAR(mL I min) = — — 

(DXgtom)t (DXgtom)t 

inn which the difference between the instilled (i) and recovered (r) dextran mass is divided by the 

geometricc mean of the dialysate dextran concentrations. This implies that ELAR includes all 
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pathwayss of uptake into the lymphatic system, both subdiaphragmatic and interstitial, and will 

yieldd higher values than those obtained from the appearance rate of the tracer in the circulation. 

Thee net ultrafiltration is the difference between the transcapillary ultrafiltration and the effective 

lymphaticc absorption. The residual volume (RV) is determined by the following equation, in 

whichh rs is rinsing solution, ts is test solution, V is volume, C is concentration [15]: 

{{ Vr,Cr> \ 
RV(mL}=\ RV(mL}=\ 

D / PP sodium was calculated as the dialysate sodium concentration divided by the plasma sodium 

concentration.. Dip D /P sodium is the difference between the initial D /P sodium and the lowest 

D / PP sodium (usually after 1-2 hours). Correction for Na" diffusion from the circulation to the 

dialysate,, known to cause blunting of the decrease in D /P Na*, was done as described previously 

[16],, using the mass transfer area coefficient of urate. The calculated sodium concentration in the 

dialysatee due to diffusion can than be subtracted from the measured concentration at any time 

point,, resulting in the actual Na+ sieving. 

SoluteSolute transport 

Peritoneall  handling of low molecular weight solutes was expressed as MTAC and D /P ratios. 

Thee MTAC represents the maximal theoretical diffusive clearance of a solute at t=0, before 

transportt has actually started. In this study we used the Waniewski model [17], where the solute 

concentrationn was expressed per volume of plasma water [18]: 

Vm Vm 
MTAC(mLMTAC(mL I min) - — . I n 

t t 

V i o ' ^ ( F - D i o ) ) 

VtVt]]--FF(P-Dt) (P-Dt) 

V„ ,, represents the intraperitoneal volume, and D„, the dialysate concentration at t=10 min, 

whereass Vt and Dt are these parameters at time t=240 min. P is the mean plasma concentration 

off  the solute. The Waniewski model corrects for convective transport, with the application of a 

correctionn factor F=0.5, as well as for plasma water. Vm is the mean intraperitoneal volume, 

calculatedd as the area under the intraperitoneal volume versus time curve, divided by the dwell 

time.time. This area is calculated by the trapezium rule. Using this method the area under the curve 

betweenn the dialysate samples is calculated as the mean of the intraperitoneal volume at the 

differentt sample times, multiplied with the time interval between the samples. Glucose 
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absorptionn was calculated as the difference between the amount of glucose instilled and the 

amountt recovered, relative to instilled. 

Proteinn clearances were calculated from the amount of protein in the effluent according to: 

Prorr + Pr*v 
CHrnLCHrnL I min) = 

(PrP)/ / 

Inn this equation the dialysate protein content in the drained bag (PrDJ and the residual volume 

(PrRV)) relative to the plasma protein concentration (Prp) in time (t), is calculated. The intrinsic 

permeabilityy to macromolecules can be functionally characterized by the peritoneal restriction 

coefficientt (re). This is the slope of the power relationship between the clearance of serum 

proteinss and their free diffusion coefficient in water (Dw) [19,20]: 

ClearanceClearance = a.Dwrc 

inn which a is a constant. 

StatisticalStatistical analysis 

Resultss are expressed as means for data with normal distribution. Median values and ranges are 

givenn for asymmetrically distributed data. 

Thee data obtained from the SPAs were adjusted for skewed distribution. For all the data 

thee coefficient of skewness was measured. The data were identified that would be required for an 

ideall  normal distribution (that is, coefficient of skewness is zero). For positively skewed 

distributionss (tail to the right, coefficient of skewness > 0), data with the highest values were 

omittedd one by one, until that set of data was found with a coefficient of skewness closest 

approachingg zero. In this way, data exceeding the upper level of normal distribution (outliers) 

couldd be identified and a 95% confidence interval could be made. 

Results s 

Patients Patients 

AA total of 154 patients were examined. The patients had a mean age of 52 years (range 18 to 79 
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Tabl ee 1. Clinical characteristics in the patients with normal ultrafiltration and those with ultrafiltration 
failure.. Median values and ranges are given. 

normall  ultrafiltration 
n=101 1 

ultrafiltrationn failure 
n=53 3 

male/female e 

agee (years) 

Durationn of CAPD (months) 

nett ultrafiltration (rnL) 

55/46 6 

522 (18-79) 

188 (3 - 144) 

6600 (420- 1126) 

29/24 4 

511 ( 1 8 -7 7) 

344 (1 - 154)2 

1744 (-659 - 396) 

11 p<0.01 

years).. The duration of PD therapy ranged from 1 to 154 months, median 18 months. The 

frequencyy distribution of the net ultrafiltration volume of the whole group is given in Figure 1. 

533 of 154 patients had net ultrafiltration of < 400 rnL after 4 hours. The patient characteristics 

forr the patients with and without UFF are given in Table 1. 81 of the 154 patients were analyzed 

withinn the first 2 years of PD. From 154 patients 107 used 2 liter exchanges and 47 used 1.5 liter 

exchanges.. In the 2 liter bag group male predominance was present (69 men vs. 38 women), 

whereass more women were using 1.5 liter bags (32 vs. 15). The two groups had significantly 

differentt body surface area: 1.93 (2 liter) vs. 1.74 m2 (1.5 liter), p<0.01. 
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Figuree 1. 
Frequencyy distribution of the net ultrafiltration volume for all patients (including 53 patients with 
ultrafiltrationn failure). 
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Tablee 2-A. Normal values for the transport of low molecular weight solutes from the standard peritoneal 
permeabilityy analysis (SPA) and PET results in 101 clinically stable PD patients, without ultrafiltration failure. 
Meanss of normal distribution (ND) are calculated for the different instillation volumes, n is the number of 
patientss used for the calculation of the 95% confidence interval (CI) after omitting the outliers (see methods) 

1.55 Lite t 

mediann total range mean of normal distribution 95% CI n 

MTA CC (mL/min) 

Urea a 

Creatinine e 

Urate e 

Glucose-absorptionn (%) 

D / PP creatinine 

D t/D[ ii  glucose 

15.6 6 

7.2 2 

5.3 3 

58 8 

0.70 0 

0.27 7 

8.9-- 19.1 

1.9-- 11.9 

0.11 -9.3 

3 8 - 71 1 

0.366 - 0.90 

0.177 - 0.44 

15.6 6 

7.4 4 

5.8 8 

62 2 

0.69 9 

0.25 5 

11.8 8 

3.8--

2.4 4 

52 2 

0.52 2 

0.17 7 

-- 19.4 

11.0 0 

9.2 2 

-72 2 

0.86 6 

-0.32 2 

24 4 

25 5 

24 4 

19 9 

27 7 

20 0 

2.00 Lite r 

mediann total range mean of normal distribution 95%% CI 

MTA CC (mL/min) 

Urea a 

Creatinine e 

Urate e 

Glucose-absorptionn (%) 

D / PP creatinine 

D t /Doo glucose 

17.5 5 

8.9 9 

7.0 0 

58 8 

0.70 0 

0.28 8 

10.0-29.4 4 

4.22 - 16.7 

2.9-- 14.2 

4 0 - 77 7 

0.499 - 0.90 

0.16-0.40 0 

17.0* * 

8.8' ' 

7.0 0 

58 8 

0.70 0 

0.28 8 

10.8 8 

4.7--

3 .3--

44 4 

0.52 2 

0.18 8 

-23.2 2 

12.7 7 

10.5 5 

-72 2 

-0.88 8 

-0.38 8 

63 3 

59 9 

59 9 

62 2 

72 2 

70 0 

*p<0.011 1.5 liter vs. 2.0 liter 

SoluteSolute transport 

Referencee values for the transport parameters of low molecular weight solutes are given in Table 

2aa (approach A) and 2b (approach B), expressed both as PET and SPA parameters. The 

referencee values are given for the two different instillation volumes used in the study. Only small 

differencess were seen for mass transfer area coefficients, glucose absorption, D /P kreatinine and 

Dt/DOO glucose between the two different approaches to determine reference values. Small solute 

transportt was somewhat faster when patients with ultrafiltration failure were not excluded. 

Categorizationn in the four different transport groups is shown for the results of the 81 patients 
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examinedd in the first 2 years of PD (Table 2c). Similar categorization was seen when the results of 

thee patients without UFF were analyzed. No significant difference was present between the 

differentt instillation volumes. 

Forr the calculation of the transport of macromolecules, the results of 90 patients were 

available,, because of missing data from 11 patients. The clearances of plasma proteins (in 

approachh A) are given in Table 3. 

Tabl ee 2-B. Norma) values tor the iiansport of low molecular weight solutes from the standard peritoneal 
permeabilityy analysis (SPA) and PKT results in 81 PD patients, within the first 2 rears of PD treatment (patients 
withh Uf- of < 400 ml, after 4 hours included). Means of normal distribution (ND) arc calculated for the different 
instillationn volumes (50 patients used 2.0 liter hags, 31 patients used 1.5 liter bags), n is the number of patients 
usedd for the calculation of the 95° <> confidence interval (("!) after omitting the outliers (see methods) 

1.55 Lite r 

mediann total range mean of normal distribution 95%% CI 

MTA CC (mL/min) 

L'' re a 

Creatinine e 

Urate e 

Glucose-absorptionn (° o) 

D / PP creatinine 

Dt/Dnn glucose 

lfi.f i i 

8.4 4 

6.4 4 

66 6 

0.72 2 

0.26 6 

8.99 - 244 

1.9-- 14.4 

0.99 - 10.9 

455 - 81 

0.366 - U.90 

0 . 1 5 - 0 44 4 

16.0 0 

8.1 1 

6.9 9 

69 9 

0.74 4 

0.2" " 

9.00 -

2 . 5--

2 .0--

55--

0.566 -

0.14 4 

23.0 0 

137 7 

11.8 8 

- 83 3 

-- 0.92 

-- 0.39 

30 0 

29 9 

30 0 

28 8 

T " " 

30 0 

2.00 Lite r 

mediann total range mean of normal distribution 95°° o CI 

MTA CC (mL/min) 

Urea a 

Creatinine e 

Urate e 

Glucose-absorptionn (%) 

D / PP creatinine 

D , / D I JJ glucose 

16.8 8 

9.3 3 

77 2 

(P (P 

0.72 2 

0.2"7 7 

10.1 1 

4 .2--

2 .9--

46 6 

0.51 1 

0.13 3 

-- 23.8 

-18.8 8 

-14.2 2 

-86 6 

-- 0.95 

-0.38 8 

16.5 5 

9.1 1 

73 3 

66 6 

0."1 1 

0.28 8 

10.2-22.8 8 

4 .5 -13 .7 7 

3 2 - 1 1 .4 4 

466 - 86 

0.522 - 0.90 

0 .17-0 .39 9 

49 9 

48 8 

49 9 

49 9 

49 9 

49 9 

Tp<< 0.01 1.5 liter vs. 2.0 liter 

FluidFluid transport 

Thee results of 90 patients without ultrafiltration failure were available for the calculation of fluid 

transportt parameters. These are presented in Table 4a. The dialysate volume used during the test 
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hadd no effect on net ultrafiltration; the mean value was 551 mL for the 1.5 L group and 675 mL 

forr the 2 L group. The 95% confidence interval was 430 -670 mL for the 1.5 L group and and 

3755 - 975 mL for die patients who used 2 L bags. However, there was an effect on transcapillary 

ultrafiltrationn rate (TCUFR) and effective lymphatic absorption rate. The patients who used 2 

literr exchanges had a TCUFR of 4.4 mL/min and an ELAR of 1.18 mL/min, whereas those who 

usedd 1.5 L had a TCUFR of 3.5 mL/min and an ELAR of 1.05 mL/min, p <0.05. Table 4b 

showss the fluid kinetics for approach B. In this group 13 patients had net UF of < 400 mL after 

thee 4 hours dwell. Significandy higher values for lymphatic absorption 1.52 mL/min (2 liter) and 

1.400 mL/min (1.5 liter), p< 0.01 and lower values for the maximum dip in D /P sodium were 

presentt 0.101 (2 liter) and 0.112 (1.5 liter), p-value not significant. The intraperitoneal fluid 

profiless during the 4 hours SPA are given in Figure 2a and 2b. Figure 3a and 3b show the 

relationshipp between the dwell-time and D /P sodium, with and without correction for diffusion 

fromm the circulation to the dialysate. The maximum dip in D /P sodium was reached after 2 hours 

whenn no correction for sodium diffusion was performed, whereas after correction the dip 

remainedd even after 4 hours. 

Tablee 2-C. Categorization of D / P creatinine into different transport groups, using approach B. Low = dialysate-
too plasma (D/P) creatinine exceeding mean - 1 standard deviation (SD); Low average = D / P creatinine between 
meann and mean - 1SD; High-average = D / P creatinine between mean and mean + 1 SD; High = D / P creatinine 
exceedingg mean + t SD. 

Low w 

Low-average e 

Highh average 

High h 

D / PP creatinine 
<0.62 2 

0 .62-0.72 2 

0.722 - 0.82 

>0.82 2 

n=81 1 
17 7 

27 7 

23 3 

14 4 

AnalysisAnalysis of patients mth ultrafiltration failure 

533 patients had net ultrafiltration of less than 400 mL after 4 hours. These patients had a mean 

agee of 51 years (18-77) and were treated with PD for a period longer than the patients without 

UFF:: median duration 32 vs 18 months, p<0.01. 25 of these patients, however, were treated for 

lesss than 2 years. Known causes of UFF were analyzed in all these patients. These included a high 

MTACC creatinine, reflecting a large vascular surface area, a high effective lymphatic absorption 

ratee or an impairment of the conductance to glucose, probably caused by impaired free water 

transportt (decreased dip in D /P sodium). Values were considered abnormal when they exceeded 

thee 95% confidence intervals as given in the Tables 2 and 4. The possible causes are shown in 

Tablee 5. Some patients had more than one reason for UFF. In two patients no obvious reason 
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forr UFF could be found, even after careful examination of the SPA results. 

00 60 120 180 240 0 

timee (min) 

80 0 

timee (min) 

240 0 

Figuree 2. 
Intraperitoneall  fluid 
changess during the 4 
hourss dwell. dIPV is the 
changee in intraperitoneal 
volumee in mL. The upper 
linee is the transcapillary 
ultrafiltration,, the lower 
linee the effective 
lymphaticc absorption, the 
middlee line is the net 
ultrafiltration.. A curves 
forr the patients without 
UFF;; B curves for the 
patientss within the first 2 
vearss of PD. 

Tab lee 3. Normal values for the transport of macromolecules from 90 standard peritoneal permeability analyses in 
patientss without ultrafiltration failure. Means of normal distribution (ND) are calculated for the different instillation 
volumes,, n is the number of patients used for the calculation of the 95% confidence interval (CI) after omitting the 
outlierss (see methods) 

1.55 Liter 

mediann total range mean of normal distribution 95% CI n 

Clearance e 

P-2M M 

Albumin n 

IgG G 

a-2M M 

Re e 

(|iL/min) ) 

850 0 

69 9 

40 0 

12 2 

2.30 0 

100-- 1280 

10-- 150 

66 - 100 

11 -40 

1.92-3.00 0 

"98 8 

69 9 

42 2 

12 2 

2.35 5 

380-- 1216 

399 - 81 

8 - ^6 6 

1 - 23 3 

1.911 -2.79 

23 3 

15 5 

23 3 

23 3 

25 5 

2.00 Liter 

mediann total ranee mean of normal distribution 95% CI 

Clearance e 

(3-2M M 

Albumin n 

IgG G 

a-2M M 

Re e 

(uL/min) ) 

981 1 

71 1 

39 9 

11 1 

2.60 0 

3900 - 3270 

300 - 250 

100 - 400 

11 -170 

1.35-3.16 6 

915 5 

63 3 

30 0 

9 9 

2.59 9 

4499 - 1 3 81 

311 - 96 

2 0 - 42 2 

2 - 15 5 

2.03-3.15 5 

54 4 

45 5 

37 7 

47 7 

68 8 

(3-2M:: beta-2-microglobulin, a-2M: alpha-2 macroglobulin, Re: restriction coefficient 
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Tablee 4-A, Normal values for fluid transport from 90 standard peritoneal permeability analyses in patients 
withoutt ultrafiltration failure. Normal values are calculated for die different instillation volumes, n is the number 
off  patients used for the calculation of the 95% confidence interval (CI) after omitting the outliers (see methods) 

1.55 Liter 

mediann total range mean of normal distribution 95%% CI 

NUFF (mL/4hrs) 

TCUFRR mL/min) 

ELARR (mL/min) 

RVV (ml.) 

d ipD/PP sodium 

570 0 

3.50 0 

1.05 5 

216 6 

0.118 8 

3 2 8 - 8 533 551 

2.566 - 4.44 3.50 

0-2 .155 1.05 

7 3 - 5 277 171 

0.01-0.177 0.120 

430 0 

2.57 7 

0.32 2 

49 9 

0.048 8 

-670 0 

-4.29 9 

-- 1.96 

293 3 

-0.166 6 

20 0 

22 2 

25 5 

19 9 

23 3 

2.00 Liter 

mediann total range mean of normal distribution 95% CI 

NUFF (mL/4hrs) 

TCUFRR mL/min) 

ELARR (mL/min) 

RVV (mL) 

d ipD/PP sodium 

700 0 

4.42 2 

1.31 1 

260 0 

0.111 1 

420-- 1126 

2.566 - 7.89 

0-5.11 1 

112-681 1 

0.03-0.17 7 

675 5 

4.40s s 

1.18» » 

258 8 

0,11C C 

3755 - 975 

2.800 - 5.81 

0.111 -2.25 

900 - 486 

0.0500 - 0.164 

57 7 

61 1 

56 6 

55 5 

56 6 

**  P < 0.05 1.5 Liter vs 2.0 Liter 

NUF:: net ultrafiltration, TCUFR: transcapillary ultrafiltration rate, ELAR: effective lymphatic absorption rate, 
RV:: residual volume, d ipD/P sodium: maximal dip in dialysate/ plasma ratio of sodium after correction for 
sodiumm diffusion from the circulation using the MTA C of urate 

Discussion n 

Normall  values for the assessment of peritoneal function using a 3.86% glucose solution are 

presented.. These were obtained in a transversal study in a large group of PD patients. The 

referencee values were obtained using two different approaches. First thirty-four percent of the 

1544 patients were excluded, because of UFF, defined as net UF < 400 mL/4 hrs during a 3.86% 

glucosee dwell. This is a rather high percentage, but it can be explained by the fact that our center 

iss especially interested in ultrafiltration failure, and some of the patients were especially referred 
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too us for this reason. The patient characteristics for the groups with and without ultrafiltration 

failuree were similar, with the exception that patients with UFF were treated longer with PD. This 

findingg was also established in an European multicenter study, where patients with definite UFF, 

definedd as net UF < 400 mL/4 hrs with 3.86% glucose showed a tendency to be treated longer 

(511 months) than patients without UFF (26 months)[21]. With the second approach to assess 

normall  values patients treated with PD for less than 2 years were examined, assuming that low 

nett ultrafiltration values were a continuum of the normal range, especially in patients who are 

unlikelvv to have developed long-term structural peritoneal changes yet. 

Tabl ee 4-B. Normal values for fluid transport from 81 standard peritoneal permeability analyses in patients within 
thee first 2 years of PD treatment (patients wnth net LT of < 400 mL after 4 hours included). Normal values are 
calculatedd for the different instillation volumes, n is the number of patients used for the calculation of the 95° o 
confidencee interval (CI) after omitting the outliers (see methods) 

1.55 Liter 

mediann total range meann of normal distribution 95" o C.I 

X U FF (mL/4hrs) 4 9 4 

TCUFRR mL/min) 3- 5 0 

KLA RR (mL/min) 1 4 3 

RYY (mL) 1 9 3 

d ipD /PP sodium 0 1 1 : ) 

-2655 - 801 

2.100 - 4.50 

00 - 4.30 

755 - 527 

0.011 -0.19 

492 2 

3.5 5 

1.40 0 

192 2 

0.112 2 

126 6 

2.3 9 9 

0.2 0 0 

44--

0.04 5 5 

-85 8 8 

4.6 1 1 

--  2.4 9 

340 0 

-0.H 8 8 

28 8 

29 9 

29 9 

28 8 

30 0 

2.00 Lite r 

mediann total range meann of normal distribution 95%% CI 

NUFF (mL/4hrs) ^ 9 3 

TCUFRmL/min)) 4- 5 0 

ELARR (mL/min) 1M 

RYY (mL) 

d i pD /PP sodium 

268 8 

0.101 1 

-254-1096 6 

0.111 -1.92 

0.422 - 5.09 

66 - 681 

0.03-0.17 7 

686 6 

4.5 * * 

1.52 ' ' 

262 2 

0,10 1 1 

3199 -  105 3 

2.3 99 -  6.5 2 

0.3 00 -  2.5 0 

555 -  46 9 

0.038-0.16 5 5 

40 0 

49 9 

41 1 

45 5 

49 9 

»» P < 0.05 1.5 Liter vs 2.0 Liter 

NUF:: net ultrafiltration, TCUFR: transcapdlary ultrafiltration rate, ELAR; effective lymphatic absorption rate, 
RY:: residual volume, d ipD/P sodium: maximal dip in dialysate/piasma ratio of sodium after correction for 
sodiumm diffusion from the circulation using the MTA C of urate 
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Thee recent advice of the ISPD Committee on Ultrafiltration Failure made it necessary to 

obtainn normal values, because reference points were no longer available after a switch from the 

PETT with 2.27% glucose to a test with 3.86% glucose. In previously published studies was 

establishedd that no differences in small solute transport (D/P creatinine) were found between a 

testt with a low osmolality solution or a high osmolality solution. Also no important change in 

categorizationn into a transport group was present [9,10]. 

Tablee 5. Causes of ultrafiltration failure in 53 patients. A value was identified as causative when it fell outside the 

95%% confidence intervals given in Tables 2 and 4. Some patients had more than one cause for UFF. 

causee number of patients median value range 

HighMTA CC 37 14.5mL/min 12.7-21.7 

Loww MTA C 0 

HighELARR 30 3.1mL/min 2 .3 -6 .6 

Absencee dip D / P Na+ 14 0.03 0 - 0 . 04 

Thee present study provides an extension of these data in a large group of patients, also 

includingg the peritoneal transport of macromolecules. In addition, the use of the 3.86% glucose 

solutionn enabled us to give normal values for fluid kinetics obtained with it, and normal values 

forr the sieving of sodium. 

ReferenceReference values for solute transport 

Thee reference values for the peritoneal function tests found in this study are based on single tests 

inn 101 (approach A) and 81 (approach B) individuals. Although more tests per individual were 

available,, we only used the most recent one, to avoid an over representation of short-term 

dialysis.. After omitting the outliers, still a ver}' wide 95% confidence interval was present; this 

impliess a very large inter-individual variability. Because transport parameters may change during 

thee course of PD and reference values are relevant for all patients we included patients in all 

stagess of PD. In this study population the duration of PD varied from 3 months to 12 years. 

Accordingg to the results of previous studies by Keshaviah et al [22] the MTAC of 

creatinine,, urea and urate were slightly higher when a larger dwell volume was used. Comparing 

ourr results for solute transport with the normal values obtained by Pannekeet et al [6] for a 1.36% 

glucosee solution, the mean values in the present study are somewhat lower. This difference can 

probablyy be explained by the exclusion of patients with ultrafiltration failure (approach A) or 

long-termm patients (approach B) in the calculation of the normal values, because these patients 

frequentlyy have high transport parameters. Our mean of normal distribution for D/Pcreatinine 
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equalss that given by Twardowski et at [23], although the 9 5% confidence interval is narrower in 

thee present study. For the D t /D (glucose Twardowski reported a mean value of 0.38, which is 

higherr than our mean value of 0.28. This difference can be ascribed to the higher dialysate 

osmolality,, leading to a larger drained volume, which leads to dilution of the dialysate glucose 

concentrat ion.. Because the transport of creatinine is from circulation to dialysate and the increase 

inn osmotic activity of the 3.86% glucose solution gives a higher transcapillary ultrafiltration rate it 

alsoo renders an increase in convective transport of creatinine, resulting in a similar D / P ratio. For 

thiss reason it is probably more appropriate to categorize patients in the different transport groups 

basedd on their D/Pcreat in ine, rather than on their D./D.glucose. 

ReferenceReference values for fluid transport 

I nn approach A patients with U FF were excluded for the calculation of the normal values. The 

volumee cut-off point of 400 mL after a 4-hour dwell was chosen based on data from the 

literaturee [18,24-26], although in all these studies different methodologies had been applied. In a 

previouss study we found that net ultrafiltration of less than 400 mL after a 4 hours 3.86% glucose 

dwelll  was always associated with clinical manifestations of ultrafiltration failure [27,28]. As a 

resultt of the methodology we used to calculate reference values, the outliers in this case were the 

valuess with a positively skewed distribution (e.g. the patients with the highest net ultrafiltration), 

thoughh these values are not considered to be pathological. This explains why the 9 5% confidence 

intervall  includes a single value of 375 mL. In approach B patients with low net ultrafiltration 

weree not excluded, provided that they were within their first 2 years of PD treatment. In this 

groupp there was a negatively skewed distribution. Consequendy high values are not considered as 

outliers.. This explains the wider 9 5% confidence interval with higher maximum values. 

AA difference was present in the normal values for effective lymphatic absorption between 

approachh A en B. The means for normal distribution were higher in the gtoup treated less than 2 

years.. This was probably the result of the presence of patients with ultrafiltration failure, since a 

fastt ELA R is a known cause of UFF. In a previous study, in paired observations using 2 and 3 

literr exchanges, large instilled volumes were associated with less net ultrafiltration, due to higher 

intraperitoneall  pressure, resulting in higher fluid absorption [29], although, in animal studies, this 

effectt could be avoided by using hypertonic glucose solutions [30]. In the present study we did 

nott find a significant difference in net UF comparing the results of the patients using 1.5 L 

dialysiss exchanges to patients using 2 liters. The higher TCUFR found in patients using drain 

volumess of 2 liters is counteracted by the higher ELAR, resulting in similar net UF. 

Effectivee lymphatic absorption rates were similar to values found by Ho-dac- Pannekeet 
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etet al. [31] for a 3.86% glucose test in 10 stable patients, but were higher than those found in tests 

withh 1.36% glucose in 86 patients done earlier by the same authors [6]. A simple explanation 

couldd be that the higher osmotic gradient gives rise to higher fluid influx to the peritoneal cavity, 

leadingg to higher intraperitoneal pressure, and consequently higher absorption rates. However, 

studiess comparing low- and high-osmotic dialysis solutions never showed a significant difference 

inn effective lymphatic absorption rate [9,20]. Therefore the difference between the majority of 

studies,, including the present one, and that by Pannekeet et al. remaines unexplained, and may 

havee been caused by chance. 

Figuree 3. 
Dialysate/Plasmaa ratio for 
sodiumm during the 4 hours 
dwell,dwell, before (closed circles) 
andd after correction for 
sodiumm diffusion (open 
circles).. A curves for the 
patientss without UFF; B 
curvess for the patients 
withinn the first 2 years of 
PD. . 

00 60 120 180 240 0 60 120 180 240 

timee (min ) time (min ) 

Thee phenomenon of sieving (a decrease in the D /P ratio of a solute in the absence of 

diffusion)) that occurs during the convective transport of solutes can probably be attributed to 

freee water transport. The sieving of sodium can therefore be used to assess the free water 

transport,, because the difference in the dialysate and plasma concentrations at the beginning of 

thee dwell is usually small, which minimizes diffusive sodium transport. However, the decrease in 

D /PP sodium during a hypertonic exchange is blunted by diffusive sodium transport in the 

presencee of a large difference between plasma and dialysate sodium, and in the presence of a 

largee vascular surface area. We corrected for sodium diffusion using the MTAC urate, which is 

thee most appropriate from a theoretical point of view. However we found that the MTAC 

creatininee gives similar results [16]. The lower maximum dip in D /P sodium obtained with 

approachh B compared to approach A ensues from the methodology where patients with low net 

ultrafiltrationn were not excluded. It underlines that impaired free water transport is a cause of 

ultrafiltrationn failure. It appears from our data that a decrease in the D /P sodium corrected for 

diffusionn of less than 0.040 after 2 hours can be interpreted as impaired free water transport. 
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I tt can be concluded that the modified P ET or SPA using 3.86% glucose provides useful 

informationn on transport parameters of the peritoneal membrane in peritoneal dialvsis patients 

andd can be used to identify the presence of ultrafiltration failure. With this test essential extra 

informationn is obtained on water transport and, with the availability of reference values, possible 

causess for ultrafiltration failure can now be detected more easily. 
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Abstract t 

Sodiumm sieving is a measure of free water transport. However its assessment is disturbed when a 

largee difference exists between sodium concentrations in plasma and dialysate- that is, when 

diffusionn rate is high. Based on previous findings concerning similarity in the mass transfer area 

coefficientss (MTACs) of sodium and urate, we developed a model that corrects for high 

diffusion.. The model enabled us to predict the dialysate sodium concentration resulting from 

diffusionn alone at any time point during a dwell. The correction was based on the knowledge of 

thee intraperitoneal volume at any time point during the dwell, which can be calculated bv using a 

volumee marker (reference method). However, in a peritoneal equilibration test (PET), only the 

drainedd volume after 4 hours is available, and urate concentration is not measured routinely. 

Therefore,, our objective in the present study was to investigate whether a diffusion correction 

usingg the MTA C of creatinine and the drained volume at the end of the dwell would be as 

accuratee in estimating maximum sodium sieving as the reference method is. 

Wee analyzed standardized 4-hour dwells in 28 patients, 19 with stable PD and 9 with 

ultrafiltrationn failure. The dialysate consisted of a 3.86% glucose containing solution to which 

dextrann 70 was added as a volume marker. The correlation coefficient between the P ET 

correctionn method and the reference method was 0.92 in all patients [0.90 in stable patients and 

0.955 in the patients with ultrafiltration failure, (p<0.01 for all)]. 

Wee conclude that a diffusion correction for sodium can be made using PET data. A diffusion 

correctionn yields a better estimate of sodium sieving than does the use of the lowest dialysate-to-

plasmaa (D/P) sodium irrespective of diffusion rate. 
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Introductio n n 

Thee dialysate concentration of sodium decreases during the initial phase of a dialysis dwell with a 

3.86%% or 4.25% glucose-based dialysis solution [1], The minimum value is usually reached after 

1—22 hours. Because the plasma sodium concentration is unchanged, the dialysate-to-plasma ratio 

(D/P)) of sodium decreases. This so-called sieving of sodium in a situation with high 

ultrafiltrationn rates is caused by free water transport- that is, water transport without concomitant 

transportt of sodium, probably through intracellular water channels. Impaired channel-mediated 

waterr transport leads to a decrease of sodium sieving. 

Thee diffusion rate of sodium is usually low owing to the relatively small concentration 

gradientt between plasma and dialysate sodium, and the low mass transfer area coefficient 

(MTAC)) of sodium, which averages 8 ml/min [2,3]. A relatively high diffusion rate is present 

whenn the concentration gradient of sodium is high (for example, in patients with hypernatraemia) 

orr when high MTAC values are present due to a large vascular peritoneal surface area. The latter 

conditionn is the most prevalent cause of ultrafiltration failure [1]. 

AA high diffusion rate of sodium blunts the decrease in D /P sodium, falsely suggesting 

impairedd free water transport. A model has therefore been developed to correct for diffusion [4]. 

Thee model was based on the similarity of the MTACs of sodium and urate, as found in previous 

studiess [2]. Using the MTAC of urate, the dialysate sodium concentration caused solely by 

diffusionn can be predicted at any time point during the dwells. These calculations require the use 

off  an intraperitoneally administered volume marker, multiple dialysate sampling and the 

determinationn of urate. 

Inn the present study, we investigated whether a diffusion correction could also be applied 

duringg a peritoneal equilibration test (PET) with 3.86% or 4.25% glucose, using only the dialysate 

valuesvalues of sodium and creatinine, the plasma concentrations of these solutes, and the drained 

volumee after 4 hours. 

Methods s 

Rationale Rationale 

Inn the case of an ideal correction for the diffusion of sodium from the circulation to the dialysate, 

thee D /P sodium should, when no or negligible free water transport occurs, remain constant after 

reachingg its minimum value. Analysis of the results obtained with the reference method showed 

thatt this was more or less the case [4]. It also showed that replacing MTAC urate with MTAC 
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creatininee led onlv to a slight over-correction for diffusion. We therefore used the simplified 

Garredd model [5] to calculate the MTA C creatinine from plasma and dialysate concentrations of 

creatininee and the drained volume after 4 hours. The resulting MTA C creatinine was used to 

predictt the dialvsate sodium concentration at 4 hours, when only diffusion would have occurred. 

Patients Patients 

Wee randomly selected 28 patients from our standard peritoneal permeability analysis (SPA) 

databasee [6]. The SPAs were done using a 3.86% or 4.25% glucose-based dialysis solution 

(Dianeall  ®, Baxter BV, Utrecht, the Netherlands). Of the 28 patients, 9 had ultrafiltration failure 

(UFF),, defined as net ultrafiltration < 400ml in 4hrs using a 3.86% or 4.25% glucose-based 

dialysatee [7]. N o ne of the patients had peritonitis at the time of the study or in the previous four 

weeks. . 

Calculations Calculations 

Thee following equation can be used to predict the dialysate sodium concentration attributable 

solelyy to diffusion at 4 hours: 

MTACNa*MTACNa* = (— I n — °- °-
tt Vt{PNat-DNa,)' 

wheree V,h is the intraperitoneal volume at time 0, V t i s the intraperitoneal volume at 240 minutes, 

P Naa -DNa is the concentration gradient at time 0 and PNat -DNat is the concentration gradient 

att 240 minutes. DNa,, is the dialysate sodium concentration before inflow and DNa, is the 

dialysatee sodium concentration after drainage. 

Thee MTA C creatinine was calculated using the simplified Garred method: 

MTACcreatinineMTACcreatinine = ( - £ - ) l n [ - ^ r — ^ ] 

tt V, (Pcreat, - Dcreat,) 

Then,, based on the assumption: 

MTACNa*MTACNa* = MTACcreatinine 
thee MTA C Na+ in the first equation was then replaced by MTA C creatinine: 

74 4 



tt Vt(PNa,-DNat) 

Thiss can be rearranged to read: 

DNa,DNa, = -
VVQQ(PNa(PNa00-DNa-DNa00) ) 

e*r/V,) e*r/V,) IV. IV. ++  PNa' 

Usingg this equation, the theoretical DNa, by diffusion was calculated for each patient. The initial 

dialysatee sodium concentration was subtracted from that value to yield the diffusion. The 

diffusionn was then subtracted from the measured sodium concentration to correct for diffusion. 

Statistics Statistics 

Valuess are expressed as means and standard deviation. The two patients groups were compared 

usingg the Student t-test. The paired t-test was used to analyze the differences between 

uncorrectedd and corrected dialysate sodium concentrations. A linear regression analysis was used 

too compare the diffusion-corrected acquired values for dialysate sodium concentration to the 

valuesvalues calculated by the reference method. A Bland and Altman analysis was performed to 

investigatee possible systematic errors [8]. 

Results s 

Tablee 1 summarizes the clinical and transport characteristics of the 2 groups of patients. Table 2 

presentss the measured and the diffusion-corrected values for dialysate sodium concentrations. 

Thee diffusion-corrected values were significantly lower than the uncorrected ones. Figure 1 

showss the linear regression analysis between the two methods. The correlation coefficient for the 

wholee group was 0.92. It was 0.90 in the stable patients and 0.95 in those with UFF. Stable 

patientss had significantly lower values for both corrected and uncorrected dialysate sodium than 

didd the UFF patients (p <0.05). The Bland-Altman analysis (Figure 2) showed a mean 

overestimationn of the PET corrected values of 1.8 mmol/L in comparison with the reference 

method.. The individual data points were randomly distributed around the mean, which implies 

absencee of systematic errors relative to the absolute values. The mean difference between the two 

methodss of correction was of a similar magnitude in both groups. 
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Tablee 1. Clinical and transport characteristics of the patients. Age and duration of peritoneal 
dialysiss (PD) are expressed as medians and ranges, the other values as mean  SD. 

Patients s 

Numberr of patients 
Female/Male e 
Age e 
Durationn of PD (months) 
MTA CC creatinine (ml/ 
Plasmaa Na" (mmol/1) 

-nin)* * 

Ultrafilteredd volume (ml/4hrs) 

Stable e 

19 9 
6/13 3 

500 (27-69) 
333 (2-69) 
7.55  2.2" 

137.99  3.5 
706.8  203.1b 

Ultrafiltrationn failure 

9 9 
4/5 5 

555 (20-76) 
7(3-119) ) 
11.44 7 
138.66  2.9 

263.33 3 
aa p<0.05 
bb p<0.001 
**  MTAC simplified Garred 
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Figuree 1. 
Relationshipp between the 
referencee method and the 
peritoneall  equilibration test 
(PET)) correction method. Filled 
circless represent the group of 
patientss with ultrafiltration 
failure,, filled squares the stable 
groupp of patients. 

Discussion n 

Inn the present study, we investigated whether a diffusion correction model that uses PET data 

onlyy would be as accurate in estimating sodium sieving as the more complex method developed 

byy Zweers et al. [4]. A PET-based model would allow better assessment of sodium sieving in 

centerss that use a PET to characterize peritoneal transport parameters. In a situation of high 
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diffusionn rates, lack of correction could lead to a false assumption of impaired free water 

transport. . 

Tablee 2. Measured and corrected values for dialysate sodium (DNa+, mmol/L). Values are 
expressedd in means  SD. 

Stable e Ultrafiltrationn failure 

DNaT
M1 1 

Referencee method 

PET-correctionn method 

122.88  4.8 

115.00 " 

116.88 " 

129.77  5.3 

121.33  4.4" 

123.99  5.2" 

11 p< 0.001 compared to DNa+
24(1 

AA recent review [1] suggested that a diffusion correction would be useful when the 

concentrationn gradient of sodium exceeds 5 mmol/L. The results of the present study showed a 

goodd correlation between the two methods for correcting sodium sieving for diffusion. The PET 

correctionn model overestimated the true dialysate sodium by a mean of only 1.8 mmol/L. Also 

thee 95% confidence interval ranged from -2.6 to 6.2 mmol/L- and therefore from -2.8% to 5.0% 

off  the mean DNa+
240 value. The slight overestimation was probably caused by using the MTAC 

creatinine,, which is higher than that of sodium [2,3], or by the variability of diffusion rates 

throughoutt the dwell. An overestimation of dialysate sodium of that magnitude is unlikely to lead 

too a clinically important overestimation of impaired free water transport. 

o o 
.c c 
'S S 
E E 

CD D 

"(D D 

re e 

LU U 
CL L 

1100 120 

PETT correction + Reference method/ 2 

Figuree 2. 
Bland-Altmann analysis. 
Relativee to the absolute 
values,, no systematic error 
present;; the data were 
randomlyy distributed 
aroundd the mean. PET= 
peritoneall  equilibration 
test. . 
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I tt can be concluded that a diffusion correction for the assessment of sodium sieving is possible 

usingg the widely applied P ET when that test uses a 3.86% or 4.25% glucose based dialysis 

solution.. Diffusion correction allows a more precise estimation of peritoneal free water transport 

thann does the lowest D / P sodium irrespective of diffusion rates. A diffusion correction especially 

avoidss overestimation of impaired free water transport when the difference between plasma and 

dialysatee sodium concentrations exceeds 5 mmol /L. 
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Abstract t 

Introduction:Introduction: In peritoneal dialysis total net ultrafiltration is dependent on transport through small 

poress and through water channels in the peritoneum. These channels are impermeable to solutes, 

andd therefore crystalloid osmotic-induced free water transport occurs through them. Several 

indirectt methods to assess free water transport have been suggested. The difference in net 

ultrafiltrationn (NUF) between a 3.86% and a 1.36% solution gives a rough indication, but is very 

timee consuming. The magnitude of the dip in D / P sodium in the initial phase of a 3.86%) 

exchangee is another wav to estimate free water transport. Also comparing the ultrafiltration 

coefficientss of 3.86% glucose (small pore transport as well as free water transport) and 7.5% 

icodextrinn (mainly small pore transport) has been described. In the present study a method was 

appliedd to calculate free water transport by calculating sodium associated water transport in one 

singlee 3.86% glucose dwell. 

Methods:Methods: 40 PD patients underwent a standard peritoneal permeability analysis (SPA) with a 

1.36%% and another with a 3.86% glucose solution (group 1). 10 other patients underwent a 3.86% 

glucosee and a 7.5% icodextrin SPA (group 2). At different time points intraperitoneal volume and 

sodiumm concentration were assessed. This made it possible to calculate total sodium transport. By 

subtractingg this transport (which must have occurred through the small pores) from the total 

flui dd transport, free water transport remained. These results were compared with the other 

methodss to estimate free water transport. 

Results:Results: Group 1: for the 1.36% glucose dwell total transcapillary ultrafiltration in the first hour 

(TCUF(I6(I)) was 164 ml, transport through the small pores was 129 ml and free water transport 

wass 35 ml (21%J). For the 3.86% glucose solution total TCUF,l6 l l was 404 ml, transport through 

thee small pores was 269 ml and free water transport was 135 ml (34%). The contribution of free 

waterr transport in the first minute (TCUFIM ) was 39% of the total fluid transport. From the 40 

patientss 11 patients had ultrafiltration failure (NUF < 400 mL after 4 hr). For these patients the 

contributionn of free water to TCUF( l l was significantly lower than for those with normal 

ultrafiltrationn (20% vs. 48%, p<0.05). A strong correlation was present between free water 

transportt as a percentage of total fluid transport and the maximum dip in D / P sodium (r=0.84). 

Thee correlation was not significant with the difference in net ultrafiltration of 3.86% and 1.36% 

solutionss (r=0.24, p= 0.3). I n group 2 TCUF, small pore transport and free water transport 

parameterss were similar to those of group 1. The contribution of free water transport to TCUFI M 

showedd a good correlation when compared with the values calculated using the UFC of 3.86% 

glucosee and of 7.5% icodextrin (r= 0.82 , p<0.01) 
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Conclusions:Conclusions: The method applied here is the first direct quantification of free water transport, 

calculatedd from a single standard peritoneal function test. It offers a quick possibility to evaluate 

patientss suffering from ultrafiltration failure. In these patients free water transport was impaired, 

butt the origin of this impairment is still to be determined. 
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Introduct io n n 

Ultrafiltrationn in peritoneal dialysis is dependent on transport through the small pores and 

throughh the water channels in the endothelium of peritoneal capillaries and vessels. The anatomic 

equivalentss of the small pores are probably the interendothelial clefts [1]. Through these pores 

loww molecular weight solutes are also transported. The transendothelial water channels have been 

identifiedd morphologically as aquaporin-1 bv aquaporin-CHIP antiserum specific staining of 

peritoneall  endothelial cells [2-4]. Aquaporin-1 is impermeable to solutes. Therefore, crystalloid 

osmotic-inducedd free water transport occurs through them. The contribution of free water 

transportt is especially important when a hyperosmolar solution is used, because the small pores 

aree influenced by tonicity only to a limited extent. This is due to their ven- low reflection 

coefficientt to glucose. In contrast, solutions with low osmolarity wil l induce littl e free water 

transportt [5]. 

Severall  indirect methods to assess free water transport have been suggested. The difference 

inn net ultrafiltration between a 3.86% and a 1.36% solution is a rough indication, easy to calculate 

butt time consuming [6,7]. Ho-dac- Pannekeet et ai estimated the contribution of free water 

transportt to total transcapillary ultrafiltration, using the peritoneal ultrafiltration coefficients 

(UFC)) of a 3.86% glucose solution and of a glucose polymer solution (7.5% icodextrin). A 

glucosee polymer solution induces only a negligible amount of free water transport, because it 

exertss its effect by colloid osmosis and not by crystalloid osmotic pressure [8]. Therefore, the 

UFCC of icodextrin can be regarded as the UFC for the small pores. Subtracting this from the 

UFCC for 3.86% glucose, the UFC for transcellular water channels remains [9]. Another way to 

estimatee free water transport is to measure the dip in D / P sodium in the initial phase of a 3.86% 

exchange.. Dilution of dialysate sodium occurs by free water transport from the circulation to the 

dialysatee [8,10,11]. Inhibition of aquaporin-1 by applying HgCl2i n the peritoneal cavity resulted in 

thee absence of a dip in D / P sodium in the first hour of a hyperosmolar exchange in rats and 

rabbitss [3,12]. Impaired free water transport is observed frequently in patients with ultrafiltration 

failure,, as judged from a decreased maximum dip in the dialysate/plasma-ratio for sodium [6,13]. 

I nn the present study a method was applied to quantify free water transport as a percentage 

off  total fluid transport, using dialysate and plasma sodium concentrations during the 3.86% 

glucosee standard peritoneal permeability analysis (SPA) [14,15]. In this test a volume marker 

(dextrann 70) is added to measure fluid kinetics. In addition, multiple dialysate samples are taken 

duringg a SPA, facilitating the calculation of sodium transport at even' time point. The sodium 
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associatedd water transport can be subtracted from the total fluid transport, resulting in the free 

waterr transport. 

Patientss and Methods 

Twoo Standard Peritoneal permeability Analyses (SPA) were performed in two patient groups. 

Groupp 1 consisted of 40 CAPD patients, also described in [7]. These patients were each studied 

duringg a SPA with 1.36% glucose and one with 3.86% glucose dialysate (both PD1 Dianeal, 

Baxterr B.V., Utrecht, the Netherlands). Group 2 consisted of 10 patients who underwent a SPA 

withh 3.86% glucose and one with 7.5% icodextrin containing dialysate (Icodial, ML Laboratories 

PLC,, Liverpool, United Kingdom). The interval between the two SPAs was less than one month. 

Patients Patients 

GroupGroup 1: The patients had a mean age of 50 years (range 22 to 74 years). The duration of CAPD 

therapyy ranged from 2 to 45 months, mean 9 months. Group 2: These patients had a mean age 48 

yearss (range 23-64). Mean duration of PD treatment was 28 months (3-92). All patients used 

commerciallyy available dialysate (Dianeal, Baxter B.V., Utrecht, the Netherlands). None of the 

patientss had peritonitis during the study period or in the preceding 4 weeks. 

Procedure Procedure 

Thee SPAs were performed during four hour dwell periods, as described previously [14]. Dialysate 

sampless were taken before instillation and at multiple time points during the test (10, 20, 30, 60, 

120,, 180 and 240 minutes). Blood samples were taken at the beginning and at the end of the test-

period.. A volume-marker, dextran 70 1 g/1 (Hyskon, Medisan Pharmaceuticals AB, Uppsala, 

Sweden),, was used to calculate fluid kinetics. To prevent a possible anaphylactic reaction to 

dextrann 70, dextran 1 (Promiten, NPBI, Emmercompascuum, the Netherlands) was injected 

intravenouslyy before instillation of the test bag [16]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [17]. 

Creatinine,, urea and urate were measured by enzymatic methods (Boehringer Mannheim, 

Mannheim,, Germany). All electrolytes were determined using ion selective electrodes. Glucose 

waswas measured by the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II, 

Technicon,, Terrytown, USA). 
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Calculations Calculations 

Al ll  calculations were performed as previously described bv Pannekeet et al [14]. Briefly, the 

changess in intraperitoneal volume are the result of transcapillary ultrafiltration and fluid 

absorpt ionn (including absorption to the lymphatics and disappearance to the interstitial tissues). 

Bothh parameters were assessed with the intraperitoneal!}' administered volume marker dextran 

70.. Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the volume marker, 

byy subtracting the initial intraperitoneal volume (1PV) from the theoretical IPV (when both fluid 

absorpt ionn and sampling would not have been present) at any time point. Because transcapillary 

ultrafiltrationn has its maximum value during the initial phase of a dwell, transcapillary 

ultrafiltrationn rate in the first minute (TCUF,,.,) was calculated, using the Lineweaver Burke plot. 

Thatt is, the linear regression between the reciprocal values of the transcapillary ultrafiltration 

obtainedd during the SPA and the reciprocal of time [18]. For the Icodextrin SPAs linear 

regressionn was used [9]. The net ultrafiltration is the difference between the transcapillary 

ultrafiltrationn and the effective fluid absorption. 

Peritoneall  handling of low molecular weight solutes was expressed as MTA C and D / P 

ratios.. The MTA C represents the maximal theoretical diffusive clearance of a solute at t=0, 

beforee transport has actually started. In this study we used the Waniewski model, where the 

solutee concentration was expressed per volume of plasma water [19,20]. 

Calculationss of free water transport using dialysate and plasma sodium were performed 

onn the 3.86% glucose SPAs. Applying the same method on the 1.36% glucose SPAs provided 

reliablee values for transport through the small pores in the first hour of the exchange, but the 

Lineweaver-Burkee plots showed unacceptable low regression coefficients. Therefore they could 

nott be used to calculate TCUF,, ,. D / P sodium was calculated as the dialysate sodium 

concentrat ionn divided by the plasma sodium concentration. Maximum dip in D / P sodium was 

thee difference between the initial D / P sodium and the lowest D / P sodium (usually after 1-2 

hours).. Correction for Na+ diffusion from the circulation to the dialysate, known to cause 

bluntingg of the decrease in D / P Na~, was done as previously described [21], using the mass 

transferr area coefficient of urate. Because of the change of MTACs of small solutes during a 

dwell,, the MTA C of urate was calculated at different time-points during the dwell. The calculated 

sodiumm concentration in the dialysate due to diffusion can than be subtracted from the measured 

concentrat ionn at any time point, resulting in the actual Na+ sieving. Using the three pore model, 

thee part of the osmotically induced fluid flow passing through the small pores wil l be carrying 

sodiumm without any sieving (sieving coefficient is 1). The rest of the fluid flow wil l pass the ultra 

smalll  pores (aquaporins) with complete sieving of sodium (sieving coefficient is 0). This means 
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thatt the net sieving coefficient is the fraction that passes through the small pores and that 1 

minuss the net sieving coefficient is the fraction that passes through the ultra small pores [22]. 

Transportt through the small pores was calculated by multiplying the sum of the initial 

intraperitoneall  volume and the uitrafiltered volume (in liters) with the dialysate sodium 

concentrationn after correction for diffusion: 

amountt sodium present = (initial IPV + uitrafiltered volume)  dialysate sodium (after correction) 

Thiss can be calculated for time point zero (t,,) and for any time point during the dwell (tj. 

Subtractingg t,, from tt results in the amount of sodium transported of any time point of the dwell: 

amountt sodium transported = sodium present tt - sodium present to 

Dividingg the amount of transported sodium with the sodium concentration in the small pores 

(whichh is the average of the plasma sodium concentration and the dialysate sodium 

concentration)) results in the volume (in liters) of fluid transported through the small pores: 

amountt of sodium transported 
fluidd transport through small pores = - - - - - - - - - . - - - -

sodiumm concentration in the small pores 

Thee volume transported through the small pores was then subtracted from the total volume 

transported,, resulting in free water transport. The contribution of this free water transport to the 

totall  fluid transport was expressed as a percentage: 

volumee free water transport 
%% free water transport = , ., ., 100% 

totall  fluid transport 

Withh the calculation of the transcapillary ultrafiltration through the small pores for each time 

pointt during the SPA, a Lineweaver-Burke plot could be made to calculate small pore transport 

inn the first minute (SPIM). Subtracting this from TCUFlM resulted in free water transport in the 

firstfirst minute. The contribution of free water transport to total transcapillary ultrafiltration was 

examinedd during the first minute of the 3.86% glucose dwell and after 60 minutes. 
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StatisticalStatistical analysis 

Resultss are presented as median values and ranges. For the comparison of the results of the two 

solutions,, the paired Student-t test was employed for comparisons within one patient. Spearman 

rankk correlation analysis was used to investigate possible relationships. For comparison of the 

groupss with and without ultrafiltration failure the Mann-Whitney-U test was applied. A Bland & 

Altmann plot was made to compare the method with and without correction for sodium diffusion 

[23]. . 

Results s 

GroupGroup 1 

Fromm the 40 patients 11 patients had ultrafiltration failure (NUF < 400 ml after 4 hr). The 

patientss with normal ultrafiltration were somewhat older than those with ultrafiltration failure ( 

522 vs. 29 years, NS) and were treated for a shorter period of time, 8 months (2-36) vs. 20 months 

(2-45),, p < 0.05. 

Forr the 1.36% glucose dwell total fluid transport in the first hour was 164 ml (32-399) for 

thee whole group. Transport through the small pores was 129 ml (14-399) and free water transport 

wass 35 ml (0-150). When the contribution of free water transport was calculated for the first hour 

off  a 1.36% glucose dwell, a value of 23% (0-91%) for the patients with normal ultrafiltration was 

found,, versus 3% (0-21%) for patients with ultrafiltration failure (p<0.05). 

Usingg the 3.86% glucose solution, the total fluid transport in the first hour was 404 ml 

(70-726)) for the whole group. Transport through the small pores was 269 ml (56-526) and free 

waterr transport was 135 ml (13-290). The fluid profile for the 3.86% glucose dwell for all 40 

patientss is given in Figure 1. 

whol ee grou p (n=40) 
1000--

__ ^^^  Figure 1. 
EE y  ̂ ^  ̂ Fluid profile for all 40 patients of group 
«« 500- / ^^*  ̂ 1. Total transcapillary ultrafiltration 
55 p s*  ̂ during the 4 hours dwell (open squares), 
**  / ys transport through the small pores (closed 

YY y* _______ — circles) and free water transport (closed 
dai-"-"'"""  squares) 
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Thee parameters for fluid kinetics in patients with and without ultrafiltration failure are 

listedd In Table 1. For the patients with ultrafiltration failure free water transport was significandy 

lowerr in the first hour (72 vs. 164 ml, p<0.05) and in the first minute (2.0 vs. 7.1 ml, p<0.05) of a 

dwell,, compared to patients without UF failure. Figure 2 shows the 4 hours fluid profiles for the 

patientss with normal UF and for patients with UF failure. The lines for total transcapillary 

ultrafiltrationn and fluid transport through the small pores approach each other in the right panel, 

duee to impaired free water transport. 

1000 0 
norma ll  UF (n=29) 

1000 0 
UFF failur e (n=11) 

500 0 

6060 120 

tim ee (min ) 

1200 180 

tim ee (min ) 

240 0 

Figuree 2. 

Fluidd profiles for the 
patientss of group 1 
withh normal 
ultrafiltrationn (left 
panel)) and with 
ultrafiltrationn failure 
(rightt panel). Total 

transcapillaiy y 
ultrafiltrationn during 
thee 4 hours dwell 
(openn squares), 
transportt through the 
smalll  pores (closed 
circles)) and free water 
transportt (open 
circles) ) 

Tablee 1. Parameters for fluid kinetics for 40 patients (group 1) using an exchange -with a 3.86% glucose solution. The 
groupp is divided in patients with normal ultrafiltration and patients with ultrafiltration failure 

Normall  UF 
n=29 9 

UFF failure 
n = l l l 

Firstt  hour 
TCUF„.6oTCUF„.6o (ml) 

Smalll  pore transport (ml) 

Freee water transport (ml) 

%% Free water transporto-6u 

4633 (260-726) 

2999 (131-526) 

1644 (13-290) 

355 (15-62) 

2677 (70-571) 

1955 (56-395) 

722 (14-176) * 

266 (14-44) * 

Firstt  minut e 
TCUFo-ii  (ml) 

Smalll  pore transportu-i (ml) 

Freee water transport (ml) 

%% Free water transportn-i 

14.88 (4.2-38.1) 

7.99 (2.5-24.4) 

7.11 (1.2-19.8) 

488 (16-78) 

7.4(1.6-23.2) ) 

5.0(1.3-11.8) ) 

2.0(0.0-11.4)* * 

200 (0-49) * 

**  p<0.05 
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Tabl ee 2. Results of the 3 different methods to assess free water transport in the 40 patients of group 1 

%% Free water transportu-i 

Maximumm dip D / P sodium 

Differencee in net UF3 „,„„_ , 16„ (ml) ) 

Normall  UF 
n=29 9 

488 (16-78) 

0.0833 (0.030-0.120) 

7100 (396-1320) 

Ultrafiltrationn failure 
n = l l l 

200 (0-49) * 

0.0311 (0.011-0.089) ' 

3066 (127-687) * 

'pp < 0.05 

%% Free water transportni: the percentage of free water transport, contnbuting to the total transcapilkry fluid transport 
duringg the first minute of a 3.86% glucose dwell. 

Tablee 2 shows the results for the different methods to assess free water transport. The 

contributionn of free water transport to total transcapillary ultrafiltration in the first minute was 

48%.. For patients with UFF this was significantly lower: 20% (p<0.05). In addition the 

maximumm dip in D /P sodium was significantly lower in patients with ultrafiltration failure, as well 

ass the difference between the 3.86% glucose exchange and the one with 1.36% glucose. 

Figuree 3 shows the strong correlation between free water transport calculated as a 

percentagee of total fluid transport and the maximum dip in D /P sodium (right panel). No 

significantt correlation was present with the difference in net ultrafiltration between 3.86% and 

1.36%% solutions (r=0.23, p=0.3), as shown in the left panel. 

Figuree 3. 
Correlationn between the 
differentt methods to assess free 
waterr transport in group 1. Left 
panel:: the correlation between 
freee water transport as a 
percentagee of the total fluid 
transportt in the first hour and 
thee difference in net 
ultrafiltrationn between a 3.86% 
andd a 1.36% glucose exchange. 
Rightt panel: the correlation 
betweenn free water transport as 
aa percentage of the total fluid 
transportt in the first hour and 
thee maximum dip in D /P 

0-155 sodium using a 3.86% glucose 
solution. . 
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Thee correlation between the percentage of free water transport at 60 minutes, using the 

diffusionn corrected method and the fast-fast PET without correction for sodium diffusion was 

reasonablyy good with a correlation coefficient of 0.84, p<0.01. A Bland-Altman plot in Figure 4 

showss the means and the differences for both methods; an underestimation of about 10% in the 

contributionn of free water transport is made when no correction for diffusion is performed. 

Figuree 4. 
Blandd and Altman plot of the 
differencess between the 
calculationn of free water 
transportt in the first hour of a 
dwelll  versus their means. An 
underestimationn of free water 
transportt of about 10% was 
presentt when no correction for 
sodiumm diffusion is made. No 
systematicc errors were found 

GroupGroup 2 

Forr the 3.86% glucose SPA, the TCUF in the first hour was 463 ml (70-726), transport through 

thee small pores was 304 ml (43-459) and free water transport was 159 ml (27-281). Figure 5 

showss the correlation between the percentage of free water transport in the first minute, using 

thee ultrafiltration coefficients of a 3.86% glucose solution and a 7.5% icodextrin solution, and the 

methodd applied in the present study. 

Discussion n 

Inn the present study a method was applied to calculate the volume of free water transport using 

thee removal of sodium in the first phase of the dwell. Comparisons were made with the currendy 

availablee methods to estimate free water transport. The method used in this study is an extension 

off  the method described by La Mili a et al. who performed a 1 hour PET test and calculated 

ultrafiltrationn through the ultra small pores by subtracting the amount of fluid transporting 

sodiumm through the small pores from the total ultrafiltration (abstract: La Mili a et al, Nephrol 

Diall  Transplant 2002;17(suppl 3):17-18). The addition of dextran 70 to the test fluid and the 
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dialvsatee sampling at multiple time points enabled us to expand the calculations, because 

intraperitoneall  volume and dialysate sodium were available for even7 time point. In this way it 

wass possible to make fluid profiles and perform Lineweaver-Burke plots to calculate TCUF,,., and 

SP,,_,.. The values of free water transport in the first hour of the test, as reported in this study, 

showedd a reasonably good correlation with the values calculated using the fast-fast PET of La 

Mili aa et a/., in which no correction for sodium diffusion was performed. However, an 

underestimationn of about 10% was observed. This implies that the fast-fast PET only gives 

accuratee information on free water transport when a correction for sodium diffusion is made. 

Thiss can easilv be done with the MTAC of creatinine, as described by Westra et a/. [24]. 
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Correlationn between the two 
methodss to quantify the 
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transportt to total transcapillary 
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%% free water transport in first minute 
usingg 3.86% glucose dialysate and sodium transport 

Itt appeared that free water transport in the first minute contributed for 48% to the total 

fluidfluid  removal, when patients did not suffer from ultrafiltration failure. Previously reported values 

forr free water transport were also found to average 50%. However, these values were assessed 

eitherr by indirect methods [9,25], or with computer simulations [26,27]. In this study it was 

possiblee to evaluate the SPA results of the 10 patients examined in the study of Ho-dac-

Pannekeett [9]. In these patients ultrafiltration coefficients were calculated for a 3.86% glucose 

dwelll  and for a 7.5% icodextrin dwell. Because the ultrafiltration coefficient is a membrane 

property,, it is considered to be constant despite the osmotic agent used. However, ultrafiltration 

coefficientt values, calculated for the two osmotic agents, were markedly different. This difference 

iss caused by the heteroporosity of the peritoneum [8]. The presence of water channels is 

especiallyy important in this respect, because they represent only a small proportion of the surface 

area,, but contribute largely to water flow induced by crystalloid osmosis. In the study of Ho-dac-

Pannekeet,, assumptions on hydrostatic pressure gradient, reflection coefficients and capillary 
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colloidd osmotic pressure had been made. These could have influenced the results. Comparison of 

thee two methods, however, showed that a good correlation for both methods was present. 

Thee patients with ultrafiltration failure had significantly lower free water transport, 

comparedd to the patients with normal UF. Loss of sodium sieving has been described previously 

inn patients with impaired ultrafiltration [6,28], but it was never quantified and related to the total 

fluidfluid  removal. The reason for this impaired free water transport can theoretically be attributed to 

losss of aquaporin-1 in peritoneal endothelia. However, Goffin et a/., examined the peritoneum of 

aa patient with loss of transcellular water transport and found normal expression of aquaporin-1 

[29].. Therefore it seems more likely that a functional alteration is present, rather than an 

anatomicall  alteration. The causes for this functional impairment are not known. The enduring 

exposuree to unphysiological dialysis fluids could have led to glycation of aquaporins. Alternative 

explanationss could be that oxidative stress leads to oxidant mediated protein damage and 

functionn alteration or that nitrosylation of aquaporins occurs, resulting in altered function. Also 

alterationss in the interstitial tissues can be postulated, but the mechanism of selective hampering 

off  aquaporin-1 function is difficult to comprehend. 

Thee correlation between the different methods to assess peritoneal free water transport in 

thee 40 patients of group 1 investigated in this study suggests that all three methods measure the 

samee phenomenon. Previous investigations already showed a reasonably good relationship 

betweenn the dip in D /P sodium and the difference in net ultrafiltration between a 3.86% glucose 

dwelll  and a 1.36% dwell [7]. In the present study an even better correlation was found between 

thee maximum dip in D /P sodium and the percentage free water transport in the first hour 

comparedd to the total fluid removal. In addition, the comparison of the 10 patients of group 2 

whoo underwent both a 3.86% glucose solution and a 7.5% icodextrin solution, implies that the 

usee of the ultrafiltration coefficient is a valid method to assess free water transport. However, the 

22 separate tests that should be performed, makes it less attractive. 

Inn conclusion, the method applied here is the first direct quantification of free water transport, 

calculatedd from a single standard peritoneal function test. It facilitates measuring free water 

transportt in patients. The good correlation with the fast-fast PET of La Mili a offers a quick 

possibilityy to evaluate patients suffering from ultrafiltration failure when a correction for sodium 

diffusionn is made. 
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Abstract t 

Introduction:Introduction: Peritoneal transport rates and net drained volume have been reported to be different 

forr peritoneal dialysis (PD) patients with diabetes mellitus, compared to patients without diabetes. 

Thiss was considered to be caused by the exposure to high plasma glucose levels prior to the 

initiationn of PD. However, the results of previous studies were conflicting. The transport of low 

molecularr weight solutes in diabetes patients was reported either higher or similar to non-

diabetics,, whereas the net ultrafiltration was either similar or lower. No information on free water 

transportt is available. The main problem of the earlier reports is the wide variation in duration of 

P D,, which can have influenced the outcome. 

Methods:Methods: The results of peritoneal function tests with 3.86% glucose in a 4-hour dwell (SPA) of 

100 patients with insulin dependent diabetes mellitus were compared to those of 10 non-diabetic 

patients.. Al l patients were investigated within the first 4 months of PD treatment. None of the 

patientss ever experienced peritonitis. Transport parameters of solutes, fluid kinetics and free 

waterr transport were assessed. In addition, the mesothelial cell mass marker CA-125 was 

measuredd and local product ion of the growth factor V E G F, known to be involved in the process 

off  neoangiogenesis in diabetic retinopathy, was determined. 

Resultr.Resultr. No differences were observed in transcapillary ultrafiltration rate (3.7 mL /m in for 

diabeticss and 4.6 m L / m in for non-diabetics, p=0.2), net ultrafiltration (685 mL vs. 665 mL, 

p=0.6)) or lymphatic absorption (1.5 mL/min vs. 1.4 mL /m in, p=0.6). Free water transport, 

estimatedd using the maximum dip in dialysate-to-plasma ratio of sodium, and quantified by 

calculatingg the free water transport, in the first minute and the first hour of the dwell, did not 

showw differences. Also the mass transfer area coefficient (MTAC) for creatinine was similar for 

diabetics,, compared to non-diabetics (8.8 mL /m in vs. 8.1 mL/min, p=0.6), as was the glucose 

absorptionn (62% vs. 65%). In addition, the appearance rate of CA-125 and the local production 

off  V E GF were also similar for both patient groups. 

Conclusion:Conclusion: the results of present study, performed in the first months of PD, did not reveal 

differencess in peritoneal transport characteristics, including free water transport, between diabetic 

andd non-diabetic patients. This implies that a chronic mild hyperglycemic state in the peritoneal 

vesselss does not contribute to important peritoneal changes or changes in aquaporin-1 function. 

Thee influence of long-term treatment with hyperosmolar glucose containing dialysis solutions on 

thee latter is worthwhile investigating. 
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Introductio n n 

Thee reported studies on peritoneal transport characteristics of patients with diabetes mellitus 

treatedd with peritoneal dialysis are equivocal. In some studies higher clearances for urea and 

creatininee were described in diabetics than in non-diabetics [1-3]. Others, however, did not find 

anyy difference in peritoneal solute transport between diabetics and non-diabetics, matched for 

gender,, age and duration of PD [4]. Protein clearances were reported to be higher in diabetics 

[5,6].. However, some of these results could not be confirmed in subsequent analyses [7]. The 

drainedd volumes were either lower in diabetics [2], or showed no difference [8]. It is likely that 

thesee conflicting results in cross-sectional studies were partly caused by the wide variation of the 

durationn of exposure to glucose containing dialysis fluids. Previous studies on the influence of 

PDD duration to transport parameters showed that solute transfer increases and ultrafiltration (UF) 

decliness with time on peritoneal dialysis [9-11]. This is probably caused by the long-term 

exposuree to dialysis fluids, which is known to give alterations of peritoneal morphology, such as 

diabetiformm reduplications of the basement membrane of peritoneal capillaries [12], thickening of 

thee submesothelial collagenous zone of the parietai peritoneum, the loss of surface mesothelium 

[13,14]]  and interstitial fibrosis in omental tissue [15]. Also an increased number of vessels has 

beenn found [15]. To avoid a possible diabetogenic effect of exposure to PD-fluids itself, Serlie et 

al.. investigated a group of patients within the first 6 months of PD treatment, using a 

permeabilityy test with a 1.36% glucose solution. A lower transcapillary ultrafiltration rate 

(TCUFR)) was present in diabetic patients compared to matched controls [16]. In this study, no 

differencess were observed for small solute transport or effective lymphatic absorption. This raises 

thee question whether the lower TCUFR could have been the result of lower free water transport 

rates.. Therefore, the aim of the present study was to compare free water transport and other 

transportt characteristics of diabetics and non-diabetics at the onset of peritoneal dialysis, using a 

3.86%% glucose solution. 

Methods s 

Patients Patients 

100 patients with diabetes mellitus, in whom a standard peritoneal permeability analysis (SPA) was 

performedd in the first 4 months of their peritoneal dialysis treatment were compared with 10 

non-diabeticc patients, matched for age, gender and body surface area. None of the patients had 

everr experienced peritonitis. All patients used commercially available, glucose-based dialysis 
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solutionss (Dianeal, Baxter BV). 

Procedure Procedure 

Thee SPA was performed during a four hour dwell period, as described previously [17]. The test 

wass done with 3.86% glucose, using the volume the patient was used to. Dialysate samples were 

takenn before instillation and at multiple time points during the test (10, 20, 30, 60, 120, 180 and 

2400 minutes). A volume-marker, dextran 70 1 g /L (Hyskon, Medisan Pharmaceuticals AB, 

Uppsala,, Sweden), was used to calculate fluid kinetics. The addition of dextran 70 to dialysate 

flui dd has no influence on the transport characterisics [18]. To prevent a possible anaphylactic 

reactionn to dextran 70, dextran 1 (Promiten, NPBI, Emmercompascuum, the Netherlands) was 

injectedd intravenously before instillation of the test bag [19]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [20]. 

Creatinine,, urea and urate were measured by enzymatic methods (Boehringer Mannheim, 

Mannheim,, Germany). Al l electrolytes were determined using ion selective electrodes. Glucose 

wass measured by the glucose oxidase-peroxidase method, using an autoanalvzer (SMA-1I, 

Technicon,, Tern-town, USA). Beta-2 microglobulin was determined with a microparticle enzyme 

immunoo assay with an Imx system (Abbott Diagnostics, North Chicago, 1L, USA). Albumin, lgG 

andd alpha-2-macroglobulin were all measured by nephelometrv (BN 100, Behring, Marburg, 

Germany),, w7ith commercial antisera (Dakopatts, Glostrupp, Denmark). CA-125 was determined 

byy a commercial microparticle enzyme immunoassay (ME1A), using a monoclonal antibody 

againstt CA125 (Abbott Laboratories IMx , IL , USA), validated for use in dialysate in our 

laboraton-- [21]. CA-125 is expressed as its dialysate appearance rate, that is the total amount 

presentt in the effluent divided by the duration of the dwell. CRP was measured by 

immunoturbidimetry.. Vascular endothelial growth factor (VEGF) was determined with a 

commerciallyy available EL1SA, as described previously [22]. 

FluidFluid kinetics 

Transcapillaryy ultrafiltration (TCUF) was calculated from the dilution of the volume marker, by 

subtractingg the initial intraperitoneal volume (IPV) from the theoretical IPV (when both 

lymphaticc absorption and sampling would not have been present) at any time point. Because 

transcapillaryy ultrafiltration has its maximum value during the initial phase of a dwell, 

transcapillary-- ultrafiltration rate in the first minute fTCUF,,.,) was calculated, using the 
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Linee weaver-Burke plot. That is the linear regression between the reciprocal values of the 

transcapillaryy ultrafiltration obtained during the SPA and the reciprocal of time [18]. The 

effectivee lymphatic absorption rate (ELAR) was calculated as the peritoneal dextran clearance 

[18]]  The net UF is the difference between the TCUF and the effective lymphatic absorption. 

D /PP sodium was calculated as the dialysate sodium concentration divided by the plasma sodium 

concentration.. Dip D /P sodium is the difference between the initial D /P sodium and the lowest 

D /PP sodium. Correction for Na" diffusion from the circulation to the dialysate, which can cause 

bluntingg of the decrease in D /P Na*, was done with the use of the mass transfer area coefficient 

off  urate [23]. This enabled us to calculate the sodium concentration in the dialysate, when only 

diffusionn would have occurred. This could than be subtracted from the measured concentration 

att any time point, resulting in the actual Na+ sieving. Transport through the small pores was 

calculatedd by multiplying the sum of the initial intraperitoneal volume and the ultrafiltered 

volumee (in liters) with the dialysate sodium concentration after correction for diffusion: 

amountt sodium present = (initial IPV + ultrafiltered volume)  dialysate sodium 

Thiss can be calculated for time point zero (t,,) and for any time point during the dwell (fj . 

Subtractingg t,, from tt results in the amount of sodium transported at any time point of the dwell. 

Dividingg the amount of transported sodium with the sodium concentration in the small pores 

(whichh is the average of that in the plasma and in the dialysate) results in the volume (in liters) of 

fluidd transported through the small pores: 

amountt of sodium transported 
fluidd transport through small pores = - - -

sodiumm concentration in the small pores 

Withh the calculation of the transcapillary ultrafiltration through the small pores for each time 

pointt during the SPA, a Lineweaver-Burke plot could be made to calculate small pore transport 

inn the first minute (SP(I.,). Subtracting this from TCUF,,., resulted in free water transport in the 

firstfirst minute. The contribution of free water transport to total transcapillary ultrafiltration was 

examinedd during the first minute of the 3.86% glucose dwell and after 60 minutes [24]. 

SoluteSolute transport 

Thee peritoneal handling of low molecular weight solutes was expressed as MTACs. In this study 

wee used the Waniewski model, where the solute concentration was expressed per volume of 
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plasmaa water [25,26]: 

Vm Vm 
MTAC(mLMTAC(mL I min) - — . I n 

t t 

Vu^(PVu^(P - Dio) 
,, 1-F Vt'~Vt'~ rr(P(P -Dt) 

V,,,, represents the IPV, and D,( l the dialysate concentration at t= 10 min, whereas V, and D, are 

thesee parameters at t ime t—240 min. P is the mean plasma concentration of the solute. The 

Waniewskii  model corrects for convective transport, with the application of a correction factor 

F=0 .5,, as well as for plasma water. Vm is the mean IPV, calculated as the area under the i lPV 

versuss time curve, divided by the dwell time. This area is calculated bv the trapezium rule. Using 

thiss method the area under the curve between the dialysate samples is calculated as the mean of 

thee IPV at the different sample rimes, multiplied with the time interval between the samples. 

Glucosee absorption was calculated as the difference between the amount of glucose instilled and 

thee amount recovered, relative to instilled. 

Proteinn clearances were calculated from the amount of protein in the effluent according 

to: : 

PrDrr + P r * v 
Cl(mLCl(mL I min) = 

(P r , )r r 

I nn this equation the dialysate protein content in the drained bag (Pr,,r) and the residual volume 

(PrRV)) relative to the plasma protein concentration (Prr) in time (t), is calculated. The intrinsic 

permeability77 to macromolecules can be functionally characterized by the peritoneal restriction 

coefficientt (re). This is the slope of the power relationship between the clearance of serum 

proteinss and their free diffusion coefficient in water (Dw) [27,28]: 

ClearanceClearance = a.Dwr' 

inn which a is a constant. 

Locall  production of V E GF was calculated by interpolating the molecular weight of 

V E GFF (34 kDa) in the regression line of the macromolecules beta-2-microglobulin, albumin, IgG 

andd alpha-2-macroglobulin, for which no local production is known. The concentration of locally 

producedd growth factor was defined as the difference the measured and expected dialysate 

concentrationn [29]. 
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StatisticalStatistical analysis 

Resultss are expressed as median values and ranges because most data were distributed 

asymmetrically.. For the comparison of the patients with diabetes and the individually matched 

non-diabeticc patients the paired t-test was applied. A Rvalue of <0.05 was considered to be 

statisticallyy significant. 

Results s 

Thee patient characteristics of the 20 patients included in the study are given in Table 1. No 

significantt differences were observed in duration of PD. HbAl c percentage was 7.4% (range 5.7-

10.2%)) in patients with diabetes mellitus. Residual GFR, calculated as the mean of creatinine and 

ureaa clearance, was similar for both groups, as well as serum CRP and VEGF levels. 

Tablee 1. Characteristics of the patients with and without diabetes. Values are given as medians and ranges 

Agee (years) 

Durationn of PD (months) 

Bodyy Surface area (m2) 

Residuall  GFR (mL/min/1.73 m2) 

Serumm CRP (U/L) 

Serumm YEGh' (ng/1) 

Diabetics s 
n=10 0 

611 (46 - 75) 

2.8(1.2-3.5) ) 

1.93(1.59-2.22) ) 

4.33 (0 - 7.8) 

44 (3 - 49) 

1777 (74-571) 

Non-diabetics s 
n=10 0 

622 (47 - 74) 

3.22 (2.5 - 3.9) 

1.911 (1.64-2.26) 

3.33 (0 - 7.0) 

55 (3 - 11) 

2033 (53-1180) 

Parameterss for fluid transport are given in Table 2. Values for transcapillary ultrafiltration, 

nett UF and ELAR were similar in both groups, as shown in Figure 1. The maximum dip in D /P 

sodiumm tended to be deeper in the non-diabetics (Figure 2), but this difference was not 

statisticallyy significant (p=0.1). The TCUF,,,, as well as the transport through the small pores 

(SP,,_,)) and the free water transport in the first minute (FWT,,.,), did not differ for the two groups. 

Alsoo the percentage of free water transport contributing to total fluid transport in the first hour 

off  the dwell was similar for both groups. 

Smalll  solute transport was similar for both groups, as shown in Table 3. Figure 3 shows 

thee data for the mass transfer area coefficient of creatinine. In addition, the clearances of 

macromoleculess and the restriction coefficient were similar for patients with and without diabetes 

mellitus. . 
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Tabl ee 2. Penroneal fluid Transport characteristics for diabetics and non-diabetics, using a 3.86% glucose solution. 
Medianss and ranges are given. 

Nett UF (mL) 

TCL'FRR (mL/min) 

FXARR (mL/min) 

Maxx dip D / P Na+ 

TCUFoo i (ml.) 

SPo-ii  (mL) 

FWToo ] (mL) 

"/oFWTo-i i 

" /OFWTMM ,„„ , 

Diabetics s 
n=10 0 

6855 (380 - 944) 

3.77 (2.9 - 5.9) 

1.55 (0.7-2.8) 

0.09288 (0.06-0.13) 

16.11 (7.8-45.4) 

12.11 (5.0-33.3) 

7.33 (1.5-16.8) 

433 (25 - 57) 

333 (15 -44) 

Non-diabetics s 
n=10 0 

665(2888 - 1169) 

4.66 (2.5 - 6.8) 

1.4(0.6-4.3) ) 

0.112(0.06-0.18) ) 

17.6(6.3-56.8) ) 

9.55 (3.4 - 28.0) 

7 .2 (2 .5-- 12.1) 

411 (21 - 59) 

3 4 ( 1 0 - 4 9) ) 

TCUFR:: transcapillarv ultrafiltration rate; ELAR: effective lymphatic absorption rate; Max dip D / P Na+: 
maximumm decrease in D / P sodium compared to the initial D / P sodium; TCUFo-i: TCUF in the first minute; SPo-
i:: transported volume through the small pores; FWTo-i: volume of free water transport in the first minute; 
°OF\XTIII  i: the percentage of free water transport that contributes to total TCUF in the first minute; "/oFVCTai m».: 
thee percentage of free water transport that contributes to total TCUF in the first hour of the dwell 

Thee appearance rate of the mesothelial cell mass marker CA-125 in the peritoneal effluent 

wass 4.9 U/min for patients with diabetes, compared to 1.7 U/rnin for the non-diabetics, p=0.9, 

ass shown in Figure 4. Local production of VEGF was not different in both groups. 

,-1000n n 
diabetic s s non-diabetic s s 

0 0 

-- -500 
600 120 180 240 600 120 180 240 

Figur ee 1. 
Fluidd profiles for the patients with (left panel) and without (right panel) diabetes mellitus at the 
startt of peritoneal dialysis. Transcapillarv ultrafiltration (closed circles), net ultrafiltration (open 
circles)) and fluid absorption (closed squares) are given as a function of time (minutes). No 
significantt differences were found between the curves 
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Tabl ee 3. Peritoneal solute transport for the 2 groups. Medians and ranges are given 

Non-diabetics s 
n=10 0 

MTA CC (mL/min/1.73 m2) 
Creatininee 8.8(5.6-16.0) 8.1(5.8-15.2) 
Ureaa 18.0 (12.6 - 22.0) 17.7 (10.7 - 23.8) 
Uratee 5.6 (2.1 - 9.4) 7.1 (4.1 - 13.4) 

Glucosee absorption (%) 62 (45 - 78) 65 (45 - 82) 

Clearancee (uL/min/1.73 m2) 
B-2-microglobulinn 1030 (530 - 1540) 888 (530 - 1990) 
Albuminn 88 (60 - 139) 69 (30 - 180) 
IgGG 5 3 ( 3 0 - 9 0) 3 7 ( 1 0 - 7 0) 
A-2-macroglobulinn 18 (10 - 29) 9 (2 - 23) 

Restrictionn coefficient 2.29 (2.1 - 2.8) 2.49 (2.3 - 3.5) 
AR-CA1255 (U/min) 4.9 (1.5 - 35.9) 1.7 (0.9 - 12.6) 
Lp-VEGFF (ng/L) 17.2(6.7-29.4) 17.2(1.6-34.1) 

MTACcreat:: mass transfer area coefficient; AR-CA125: the appearance rate of cancer antigen-125 in the 
dialysatee after the 4 hours dwell; Lp-VEGF: locally produced vascular endothelial growth factor 

Discuss ion n 

I nn the present study, no differences in peritoneal solute transport, net UF, fluid absorption rates 

andd free water transport were observed in patients with or without diabetes mellitus, when they 

weree examined in the first 4 months of PD treatment. 

Thiss was in contrast to prior publications, that reported higher solute rates in patients 

withh diabetes mellitus. These previous studies, however, were performed in a cross-section of 

patientss who were treated with PD for different duration of time. Therefore, they were exposed 

too high intraperitoneal glucose concentrations for variable periods. In experiments with rats with 

streptozotocinn induced diabetes, chronic hyperglycemia was associated with structural and 

functionall  changes in the peritoneum [30]. Structural changes that were observed included 

capillar)'' proliferation and A GE immuno-reactivity. Funcdonal changes consisted of an increased 

permeabilityy for small solutes and decreased sodium sieving. In this study the diabetic rats 

showedd no differences compared to the non-diabetic controls, when glycemic control was 

obtainedd by the administration of insulin. Another study investigated rats with chemically induced 

diabetess mellitus, using alloxan, and chemically induced uremia, using gentamicin [31]. For the 

diabeticc rats, a distinction was made between the "healthy" diabetic rats, and the rats that 

appearedd "ill" . The "ill " rats were distinguished from the other rats by a dry fur, muscle wasting 

andd a paucity of subcutaneous fat. No significant differences in fasting blood sugar, plasma urea 

andd creatinine, urine production or renal creatinine clearances were present between the 
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"healthy""  and the "ill " rats. In the "ill " diabetic rats a significant lower net UF was observed in a 

peritoneall  dialysis dwell, compared to the control rats, the uremic rats and the "healthy" diabetic 

rats.. In addition, an increase in peritoneal solute transport for urea, inulin and albumin was 

presentt for this group. In the uremic rats also a significant increase in inulin and albumin 

clearancee was seen. The "healthy" diabetic rats did not show significant differences for transport 

parameterss compared to the controls. In morphological studies of the rats' peritoneum the most 

strikingg difference were the neovascularization and the decreased amount of fat observed in the 

diabeticc rats, which was more pronounced in the "ill " rats. The results of these animal studies 

implyy that acute, chemically induced diabetes mellitus, can lead to increased permeability for 

variouss sized molecules, especially in the absence of glycemic control. In addition, an individual 

susceptibility'susceptibility' seems likely. 

1.0-f f 

Figuree 2. 
Dialysate-to-plasmaa ratios of sodium 
duringg the 4-hour dwell for patients 
withh (open circles) and without 
diabetess mellitus (closed circles) at 
thee start of peritoneal dialysis. No 
significantt differences were observed 

Highh glucose concentrations damage the mesothelial cell layer, either bv inhibition of 

mesotheliall  cell proliferation [32], or by the cytotoxic effect of glucose degradation products 

(GDPs)) [33]. A damaged mesothelial cell layer will loose its protective role to shield the 

interstitiumm and endothelium from unphysiological dialysis solutions. In addition, glucose and 

GDPss can lead to the formation of advanced glycation end products. This is a process where the 

aminee group of a protein interacts with the carbonyl group of a sugar, via the non-enzymatic 

Maillardd reaction. The Schiffs' base that is formed undergoes rearrangement into a Amadori 

product,, a finally into irreversible cross-linked proteins, the AGEs [34,35]. Hyperglycemia in 

diabetess is associated with the progression of AGE formation, the pathogenesis of diabetic 

complicationss and aging [36,37]. Accumulation of AGEs has been described in peritoneal 

biopsiess of non-diabetic patients, who were treated with glucose containing dialysis solutions 

duringg peritoneal dialysis [38]. Interestingly, also normoglycemic uremic patients have increased 
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levelss of AGEs, which can not be attributed to hyperglycemia, or just to a decreased removal by 

glomerularr filtration. This increase was even higher, in normoglycemic uremics than in diabetic 

patients.. This implicates that uremic plasma contains either precursors or mediators to the 

Maillardd reaction [35]. AGEs are considered to have vasoactive effects on endothelial cells, 

probablyy by activation of growth factors [39]. Glucose exposure can also lead to a state of 

"pseudohypoxia""  in the peritoneum. This leads to an effect on intracellular redox-status, which 

stimulatess the release of growth factors, such as VEGF. VEGF can induce neoangiogenesis 

[40,41].. When new vessels develop, enlargement of the effective vascular peritoneal surface area 

occurs. . 

Figuree 3. 
Boxx and whisker plots for the mass 
transferr area coefficient (MTAC) of 
creatininee for diabetics (left) and non-
diabeticss (right) at the start of peritoneal 
dialysis.. Medians, quartiles (boxes) and 
extremess (whiskers) are given. 

Thee difference between the permeability parameters of the rats with experimentally 

inducedd diabetes mellitus and the permeability parameters of the diabetic patients in the present 

studyy can be explained by several factors. First, in the animal studies the rats were either diabetic 

orr uremic. In patients a combination of both can be present at the start of peritoneal dialysis. The 

contributionn of uremia to transport and membrane alterations in diabetes will probably be more 

importantt than that of hyperglycemia alone. Secondly, the duration of diabetes and uremia in the 

animall  studies was rather short. The patients in this study were diagnosed with diabetes for at 

leastt 5 years previously to the start of PD and were uremic for a longer period of time. 

Reasonably,, alterations are more pronounced, the longer the duration of the etiological factor. 

Sincee both hyperglycemia and uremia can lead to the formation of AGEs, it seems likely that 

alterationss owing to AGE formation were already present in both our patient groups. Third, 

fromm the rat studies it seems likely that there is an individual susceptibility to the effects of 

glucosee exposure. Maybe there has been a selection in the diabetic patients prior to the initiation 

m m 

DM M non-diabetics s 
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Figuree 4. 

Boxx and whisker plots for the CA-125 
appearancee rate in the dialvsate for 
diabeticss (left) and non-diabetics (right) 
att the start of peritoneal dialysis. 
Medians,, quartiles (boxes) and 
extremess (whiskers) are given. 
Asteriskss mark the outliers. 

off  peritoneal dialysis. In that way, the patients who were most susceptible to hyperglycemia were 

alreadyy excluded. Finally, the blood sugar control in the diabetic rats in both animal studies was 

poor.. When a subgroup of rats in the study by Stoenoiu et al, was treated with insulin, to achieve 

euglycemia,, this resulted in similar transport parameters, as compared to the non-diabetic 

controlss [42]. This points to the importance of good glvcemic control. Our patients all received 

insulinn therapy and had reasonably low H b A l c levels, indicating an accurate treatment of 

diabetes. . 

Otherr factors contributing to possible differences in transport parameters in the first 

monthss of peritoneal dialysis are chronic inflammation and acute CAPD peritonitis. Previous 

publicationss identified inflammation as the only independent factor determining peritoneal 

transportt rate during the first year on PD [43]. Possibly inflammation can cause both an increase 

inn peritoneal transport rate and a decline in residual renal function. Inversely a decline in residual 

renall  function or an increase in peritoneal transport rate may induce or aggravate inflammation. 

I nn the patients investigated in the present study, no differences were identified in residual renal 

functionn or CRP as marker for inflammation status. Another possible factor that could have 

influencedd transport parameters, is peritonitis, which is known to cause enhanced solute 

transportt [44-46], although this increased transport is reversible after the recovery of the infection 

[47].. In our patient group, none of the patients had ever experienced peritonitis. 

I nn conclusion, the present study in diabetic and non-diabetic patients did not reveal differences in 

peritoneall  transport characteristics, including free water transport in the first months of P D. This 

impliess that a chronic mild hyperglycemic state in the peritoneal vessels does not contribute to 

importantt peritoneal alterations or changes in aquaporin-1 function. The influence of continuous 
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treatmentt with glucose-containing dialysis solutions, which have concentrations up to a 20-fold 

off  that observed in insulin dependent diabetes mellitus, is worthwhile investigating. 
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Abstract t 

Background:Background: Ultrafiltration failure (UFF) in CAPD is a transient phenomenon during acute 

peritonitiss and a permanent complication in long-term peritoneal dialysis (PD). The high solute 

t ransportt rates during acute peritonitis are probably caused by an increased number of perfused 

peritoneall  capillaries. Long-term PD is associated with an increased number of peritoneal 

microvessels,, leading to an enlargement of the anatomic vascular surface area. This leads to high 

masss transfer area coefficients (MTAC) and to UFF. Impaired conductance to glucose, leading to 

aa reduction in free water transport, may be a contributing factor to UFF in long-term PD. We 

hypothesizedd that UFF during acute peritonitis is, in the absence of permanent structural 

changes,, only caused by an increased vascular surface area, while that in long-term patients is 

oftenn the result of an increased surface area in combination with an impaired conductance to 

glucose.. Therefore the peritoneal transport parameters of patients with acute peritonitis were 

comparedd to those in long-term PD patients. 

Methods:Methods: A standard peritoneal permeability analysis (SPA) was done in 10 PD patients during the 

firstt 48 hours after the diagnosis of peritonitis. The results were compared to those obtained in 

100 long-term PD patients matched for the MTA C creatinine. Besides, the results of 8 peritonitis 

patientss were compared with SPA results of 8 recently started PD patients, matched for MTA C 

creatinine. . 

Results:Results: Peritonitis patients had a deeper maximal dip in D / P sodium, corrected for diffusion, 

thann long-term patients (0.058 vs. 0.039, p<0.05). Most parameters of peritoneal fluid transport 

weree not different, except that t50, i.e. the time to reach 50% of the maximum transcapillary 

ultrafiltration,, was reached earlier during the dwell in peritonitis than in long-term PD: 128 vs. 

1755 minutes, p<0.05. This confirmed the difference in the shape of the intraperitoneal volume 

vs.. time curve, which was blunted in the long-term patients. No differences were found for the 

parameterss of solute transport between peritonitis patients and recently started patients. 

Conclusions:Conclusions: In contrast to patients with long-term PD, the osmotic conductance to glucose is 

unaffectedd in peritonitis, despite the lower net ultrafiltration caused by high solute transport. This 

impliess that impaired free water transport in chronic PD must be regarded as a contributing 

factorr to UFF. 
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Introductio n n 

Impairedd ultrafiltration with CAPD is a transient phenomenon during acute peritonitis [1] and a 

permanentt complication in more than 30% of long-term peritoneal dialysis patients [2,3]. The 

higherr solute transport rates during acute peritonitis, compared to the stable situation, lead to a 

rapidd dissipation of the osmotic gradient caused by augmented absorption of glucose from the 

peritoneall  cavity [1-6]. The infection induced hyperpermeability is probably caused by increased 

secretionn of vasoactive substances such as prostaglandins and cytokines [7,8] and an up-

regulationn of NO-synthase activity [6,9-11]. These mediators are likely to increase the number of 

perfusedd peritoneal capillaries, leading to a functional increment of the vascular peritoneal surface 

area.. This explains why the transcapillary ultrafiltration rate (TCUFR) in the first phase of a dwell 

duringg peritonitis is higher than after recovery [6]. Usually transport characteristics return to the 

baselinee level after cure of the peritonitis. 

Long-termm peritoneal dialysis is associated with an increased number of peritoneal micro-

vesselss [12-15], causing an enlargement of the anatomic vascular surface area. Similar to 

peritonitiss this leads to high mass transfer area coefficients (MTAC) of low molecular weight 

solutess and impaired ultrafiltration due to the fast absorption of glucose from the peritoneal 

cavity.. The presence of a high or fast transport status is however unlikely to be the only cause of 

ultrafiltrationn failure in long-term peritoneal dialysis. Monquil et. al. analysed peritoneal solute 

andd fluid kinetics in a selected group of long-term PD patients with ultrafiltration failure of 

unknownn cause [16]. The only consistent abnormality in these patients was the absence of the 

sievingg of sodium, i.e. no decrease in the dialysate/plasma Na+ ratio occurred during a 4 hours 

exchangee with a 3.86% glucose solution. Also the intraperitoneal volume versus time curves were 

blunted,, quite dissimilar to previous observations during acute peritonitis. Instead, these curves 

weree very similar to those obtained by computer simulations based on the combination of 

increasedd peritoneal glucose transport with a decreased osmotic conductance to glucose [17]. 

Impairedd free water transport is one of the theoretical causes of a decreased osmotic conductance 

too glucose. We have argued previously that free water transport can be assessed by the sieving of 

sodium,, especially after the correction for sodium diffusion [18]. Using a cut-off point for 

diffusionn corrected sodium sieving of 0.045, we found the combination with a high MTAC 

creatininee to be present in 11 out of 20 PD patients with ultrafiltration failure, treated for more 

thann 4 years (unpublished data). 

Wee therefore hypothesised that ultrafiltration failure during acute peritonitis, when no 

permanentt structural peritoneal changes are present, is only caused by an increased vascular 
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surfacee area, while that in long-term patients is often the result of an increased surface area in 

combinat ionn with an impaired osmotic conductance to glucose. The aim of the present case-

controll  study was to compare peritoneal transport in patients with acute peritonitis to that in 

long-termm PD patients matched for the MTA C creatinine. Because a first analysis showed a 

greaterr osmotic conductance to glucose during peritonitis than in long-term patients, the 

peritonitiss patients were also matched with recently started PD patients with similar MTACs of 

creatinine,, to elucidate whether the osmotic conductance to glucose is decreased in long-term 

P D,, or increased during peritonitis. 

Methods s 

AA Standard Peritoneal permeability Analysis (SPA) with a 3.86% glucose solution was performed 

inn 10 patients within the first 48 hours of acute CAPD peritonitis. Antibiotic treatment was given 

accordingg to our protocol. The Committee on Medical Ethics of the Academic Medical Center, 

Amsterdamm approved the protocol, and written informed consent was obtained from all patients, 

afterr an explanation of the purpose and methods of the study. 

Patients Patients 

Peritonitiss patients were excluded from the study when they had clinical signs of ultrafiltration 

failuree previous to the diagnosis, or had been on PD for more than 4 years. 

Thee peritonitis patients had a mean age of 52 years (range 25 to 79 years). The duration of 

C A PDD therapy ranged from 1 to 46 months, mean 17 months. In only 5 peritonitis patients, SPA 

resultss within 12 months prior to the peritonitis episode were available. In this way these patients 

couldd serve as their own control. For each of the 10 peritonitis patients a match in a group of 

stablee long-term patients (arbitrarily defined as duration of PD of more than 4 years) was selected 

fromm our database, with regard to the MTA C creatinine. The matched long-term patients had a 

similarr age (47 years, range 28-74), but were treated with PD for a longer period (90 months, 

rangee 48-144). These patients had no peritonitis at time of the SPA or in the previous 4 weeks. 

Becausee usually MTA C values of 18.0 and higher are uncommon in recently started PD patients, 

onlyy eight MTA C matched patients were available in our database. The median duration of PD in 

thiss group was 3 months (range 1-4 months) and age was similar to the peritonitis group. These 

patientss had never suffered any peritonitis episode. 
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Procedure Procedure 

Thee SPA was performed during a four hours dwell period, as described previously [19], with 

3.86%% glucose. It was preceded and followed by a rinsing procedure to avoid the possible effects 

off  the residual volume before the test, and to calculate the residual volume after the test. 

Dialysatee samples were taken before instillation and at multiple time points during the test (10, 

20,, 30, 60, 120, 180 and 240 minutes). Blood samples were taken at the beginning and at the end 

off  the test-period. A volume-marker, dextran 70 1 g/L (Hyskon, Medisan Pharmaceuticals AB, 

Uppsala,, Sweden), was used to calculate fluid kinetics. To prevent a possible anaphylactic 

reactionn to dextran 70, dextran 1 (Promiten, NPBI, Emmercompascuum, the Netherlands) was 

injectedd intravenously before instillation of the test bag [20]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [21]. 

Creatininee and urate were measured by enzymatic methods (Boehringer Mannheim, Mannheim, 

Germany).. All electrolytes were determined using ion selective electrodes. Glucose was measured 

byy the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II, Technicon, 

Terrytown,, USA). 

Calculations Calculations 

Alll  calculations were performed as previously described [19]. Briefly, the changes in 

intraperitoneall  volume are the result of transcapillary ultrafiltration and lymphatic absorption. 

Bothh parameters were assessed with the intraperitoneal!}- administered volume marker dextran 

70.. Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the volume marker, 

byy subtracting the initial intraperitoneal volume (IPV) from the theoretical IPV (when both 

lymphaticc absorption and sampling would not have been present) at any time point. Because 

transcapillaryy ultrafiltration has its maximum value during the initial phase of a dwell, 

transcapillaryy ultrafiltration rate in the first minute (TCUF,,,) was calculated, using the 

Lineweaver-Burkee plot. That is, the linear regression between the reciprocal values of the 

transcapillaryy ultrafiltration obtained during the SPA and the reciprocal of time [22]. This enabled 

uss to calculate the TCUFmas and t50, that is, the time it takes to reach 50% of the maximal 

transcapillaryy ultrafiltration. The effective lymphatic absorption rate (EI^\R) was calculated as the 

peritoneall  dextran clearance. It therefore included all pathways of uptake into the lymphatic 

system,, both subdiaphragmatic and interstitial. The net ultrafiltration is the difference between 

thee transcapillary ultrafiltration and the effective lymphatic absorption. Net ultrafiltration rate 
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(NUFR)) was calculated by dividing the difference in IPV-^, mm by the dwell time. Peritoneal 

handlingg of low molecular weight solutes was expressed as mass transfer area coefficients 

(MTAC) .. The MTA C represents the maximal theoretical diffusive clearance of a solute at t=0, 

beforee transport has actually started. In this study we used the Waniewski model [23], where the 

solutee concentration was expressed per volume of plasma water [24]: 

MlAC{mLMlAC{mL I m i n i = — i n — T - ~ F ~~ 

tt V^UP-D,) 

FF is a correction factor (0.5) for convective transport, V,,, is the intraperitoneal volume and D,,, 

thee dialysate concentration at t=10 min. V t and D t are these parameters at t=240 min. Vm is the 

meann intraperitoneal volume. P is the mean plasma concentration of the solute. 

D / PP sodium was calculated as the dialysate sodium concentration divided by the plasma 

sodiumm concentration. Delta D / P sodium is the difference between the initial D / P sodium and 

thee lowest D / P sodium (usually after 1-2 hours). A correction for Na" diffusion from the 

circulationn to the dialysate, known to cause blunting of the decrease in D / P Na", was applied as 

describedd previously [18], using the mass transfer area coefficient of urate. This enabled us to 

calculatee the sodium concentration in the dialysate due to diffusion. This value was subtracted 

fromm the measured concentration at any time point, resulting in the actual N a' sieving. 

StatisticalStatistical analysis 

Resultss are presented as median values and ranges, because most data were asymmetrically 

distributed.. The Mann-Whitney-U test was employed to compare the peritonitis patients with the 

long-termm group and with the patients who were on PD for 4 months or less. In 5 of the patients, 

studiedd during peritonitis, a previous SPA done within one year was available. The paired samples 

t-- test was used to compare the SPA results of this sub-group. A p-value of less than 0.05 was 

consideredd as statistically significant. 

Resul ts s 

Al ll  SPAs were performed within 48 hours after the diagnosis CAPD peritonitis; half of the 

patientss were investigated within 24 hours. The causative pathogens were Staphylococcus aureus (1), 

StaphylococcusStaphylococcus epidermidis (3), Pseudomonas aeruginosa (2), Streptococci (3) and Cory neb acterium xerosis (1). 

Dialysatee cell counts ranged from 330 to 85.000/mm3, but no correlation was found between cell 
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countt and transport characteristics. The initial antibiotic treatment was cefalotin intraperitoneal!)' 

inn all patients. Three of the patients also received gentamicin i.p. 

SoluteSolute transport 

Thee peritoneal solute kinetics are summarized in Table 1. Although it was not possible to find a 

completee match in MTAC creatinine for one peritonitis patient, because of the high value of 23.0 

mL/rnin,, values for mass transfer area coefficients of creatinine and urate were similar for both 

groups.. Also, peritoneal glucose absorption was not different. 

Tablee 1. Small solute transport in 10 patients with acute CAPD peritonitis and 10 long term PD patients 
matchedd for small solute transport with MTA C creatinine 

peritonitiss patients long-term PD patients 

MTA CC (mL/min/1.73 m2) 
creatininee 14.5 (10.9 - 23.0) 15.6 (12.2 - 18.4) 
uratee 12.9 (9.2 - 20.1) 12.7 (9.1 - 16.4) 

Glucosee absorption (%) 65 (45 - 70) 72 (59 - 96) 

FluidFluid kinetics 

Thee results of the comparison between the peritonitis and long-term patients are given in Table 2 

andd Figure 1. Median net ultrafiltration, transcapillary ultrafiltration rate and TCUFmas were 

similarr for both groups, but TCUF(11 was higher and t50 was reached significantly earlier in the 

peritonitiss patients. Also, peritonitis patients had significandy higher values for the maximum dip 

inn D /P sodium, compared to the patients with long-term peritoneal dialysis. The values in the 

peritonitiss patients were within the normal range, suggesting unaffected osmotic conductance to 

glucose.. This is shown in Figure 2. The effective lymphatic absorption rate was not different for 

bothh groups. 

ComparisonComparison with previous SPAs 

Fromm 5 of the 10 peritonitis patients results of a previous SPA performed in the preceding 12 

monthss in the absence of peritonitis were available. Peritoneal fluid and solute transport data are 

comparedd in Table 3. As expected, the net UF and TCUFR were lower and solute transport was 

higherr during peritonitis. However, no significant difference was observed in free water transport 

betweenn peritonitis and in the preceding year. 
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Figur ee 1. 
Intraperitoneall  fluid profiles during the 4 hours dwell. Transcapillary ultrafiltration (open circles), 
effectivee lymphatic absorption (closed squares) and the result of both, the net ultrafiltration 
(closedd circles). In the left panel the profiles for the peritonitis patients, in the right panel those of 
thee long-term PD patients. Asterisks mark the values that were significantly different for long-
termm patients compared to peritonitis patients. 

Tab lee 2. Fluid kinetics in 10 patients with acme CAPD peritonitis and 10 long-term patients matched for 
MTA CC creatinine 

peritonitiss patients long-termm patients 

N U FF (mL) 

TCUFRR (mL/rmn) 

TCUFF max (mL) 

t500 (min) 

TCUFruu „„ „  (mL/min) 

ELA RR (mL/min) 

maxx delta D / P Na* 

3811 (32 - 1092) 

3.66 (0.2 - 6.0) 

1226(511 -2604) 

128(12-211) ) 

11.2(2.3-15.7) ) 

1.43(0.78-2.81) ) 

0.058(0.02-0.12) ) 

2488 (-111 - 558) 

3.22 (0.8 - 4.6) 

10866 (408-1585) 

1 7 5 ( 7 4 - 2 7 4 )* * 

6.11 (1.9-14.8) ' 

1.688 (0.43-3.66) 

0.0399 (0.01 - 0.06) ' 

p<0.05 5 

NUF:: net ultrafiltration, TCUFR: transcapillary ultrafiltration rate, TCUF max: maximal theoretical 
intraperitoneall  ultrafiltration, t50: time point were 50% of TCUF max would have been reached, TCUFo-i mm is 
TCUFRR in the first minute of the dwell, ELAR: effective lymphatic absorption rate, max delta D / P Na+: 
maximall  dip in dialysate/plasma ratio of sodium after correction for sodium diffusion from the circulation using 
thee MTA C of urate 
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ComparisonComparison with patients within the first 4 months o/PD treatment 

Forr 8 out of 10 patients a matched control was found in a group of patients without peritonitis, 

investigatedd in the first 4 months of PD treatment. No differences were found for the transport 

parameterss between the patients with peritonitis and the recently started ones, as shown in Table 
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Figuree 2. 
D/PP sodium corrected for diffusion, during the 4 hours dwell. The decrease in D /P sodium is 
thee result of dilution of dialysate sodium, caused by free water transport. Peritonitis patients show 
aa deeper dip (open circles), than those with long-term PD (closed circles). Asterisks mark the 
significantt difference for long-term patients compared to peritonitis patients (p<0.05) 

Discussion n 

Thee comparison, made in the present study between patients with a similar increment of the 

effectivee peritoneal surface area, either due to acute peritonitis or to long-term peritoneal dialysis, 

supportss our hypothesis that an impaired conductance to glucose contributes to ultrafiltration 

failuree in long-term peritoneal dialysis. In peritonitis, inflammation-induced vasodilation and an 

increasedd number of perfused capillaries lead to an increment of the vascular surface area, 

resultingg in a rapid dissipation of the osmotic gradient caused by enhanced glucose absorption. In 

peritonitiss no permanent structural changes are present and the changes in peritoneal small solute 

transportt are reversible. This was supported by the results of experiments in which peritoneal 
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bloodd flow was assessed in peritonitis patients during the infection and after recover}- [6]. 

Consequently,, no impairment of the conductance to glucose is expected. 

Tabl ee 3. Results of previous SPAs in 5 peritonitis patients. 

Previouss to peritonitis During peritonitis 

N U FF (mL) "68 (411 - 860) 523 (12" - 621) * 

TCUFRR (mL/min) 4.40 (2.42 - 4.62) 3.41 (0.18 - 412) ' 

TCUF,„:1SS (mL) 1226 (51 - 2604) 1086 (51 - 2439) 

TO,,, (mm) 135 (122 - 354) 89 (12 - 211) 

TCL'F,,, i (mL/min) 8.1 (5.7-10.9) 10.3 (6.0-15.7) 

ELA RR (mL/min) 1.14(0.75-1.29) 1.22(0.0-2.58) 

maxx delta D /P NV 0.10 (0.0" - 0.14) 0,06 (0.04 - 0.09) 

MTACcreatt (mL/min) 8.4 (6.0-12.6) 14.6 (12.3 - 23.1) ' 

'' p<0.05 
NUF:: net ultrafiltration, TCUFR: transcapillary ultrafiltration rate, TCL'F max: maximal theoretical 
intraperitoneall  ultra Filtration, t50: time point were 50° o of TCL'F max would have been reached, TCUTVi mm is 
TCUFRR in the first minute of the dwell, FLAR: effective lymphatic absorption rate, max delta D / P NV : 
maximall  dip in dialysate/plasma ratio of sodium after correction for sodium diffusion from the circulation using 
thee MTA C of urate, MTACcreat is MTA C of creatinine 

Inn long-term peritoneal dialysis an anatomical enlargement of the vascular surface area is 

thee cause of rapid glucose absorption. Consequendy low ultrafiltration occurs. Several studies 

havee shown an increased number of vessels in the peritoneal membrane of long-term PD-

patientss with clinical signs of ultrafiltration failure and in patients with peritoneal sclerosis [12,15]. 

Otherr anatomical changes that were observed in long-term patients are increased thickness of the 

submesotheliall  collagenous zone of the parietal peritoneum and sometimes loss of mesothelial 

surfacee [15,25]. Although an enlarged vascular surface is by far the most frequent cause of 

ultrafiltrationn failure in long-term PD, other causes could contribute to the phenomenon [26], 

suchh as a high lymphatic absorption rate or a decreased osmotic conductance to glucose. The 

latterr is the product of the peritoneal ultrafiltration coefficient (L S) and the reflection coefficient 

off  glucose (a) [17]. A reduced LpS x G product will lead to a decrease in peritoneal free water 

transport,, and therefore to less sodium sieving. Reduced peritoneal free water transport estimated 

eitherr by the sieving of sodium or by the difference in net ultrafiltration obtained with a 3.86% 

andd a 1.36% glucose solution [27], is present in long-term patients [16,26] and in patients with 

peritoneall  sclerosis [28]. LpS is the product of liquid permeability (L ) and the peritoneal surface 

areaa (S). As S is increased in long-term PD, a marked reduction of Lp would have to be present 

too explain the decreased osmotic conductance to glucose by a decreased L S. L is unlikely to be 
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low,, as transport rates of low molecular weight solutes are high in long-term PD with 

ultrafiltrationn failure [29]. It is therefore more likely that a reduced G explains the decreased free 

waterr transport. G is to a large extent dependent on the function of peritoneal aquaporins, as 

thesee water channels are permeable to water and not to glucose. As they are also not permeable 

too sodium, the reduced peritoneal free water transport is likely to be caused by an impaired 

functionn of peritoneal aquaporin-1. This is unlikely to be caused by a reduced number of water 

channels,, because the expression of aquaporin-1 has been found normal in ultrafiltration failure 

[30].. Thus, the decreased water transport can most likely be attributed to a functional impairment 

off  the water channels, although the nature of the defect is yet unrevealed. 

Tablee 4. Comparison of 8 peritonitis patients with 8 patients who recently started PD treatment., matched for 
MTA CC creatinine. 

NUFF (mL) 

TCUFRR (mL/rnin) 

TCUFmaxx (mL) 

T500 (min) 

TCUF,,,, (mL) 

ELARR (mL/min) 

Maxx dip D / P 

MTA CC creatinine (mL/min) 

Peritonitiss patients 
n=8 8 

3811 (32 - 1092) 

3.66 (1.7 - 5.97) 

13655 (461 -2604) 

128(12-180) ) 

11.0(5.3-15.7) ) 

1.7(0.8-2.8) ) 

0.065(0.02-0.12) ) 

14.11 (10.9-19.1) 

Patientss in first 4 months 
n=8 8 

379 (265 -911) ) 

3.66 (2.5 - 5.4) 

1436(530-2752) ) 

130(30-345) ) 

13.55 (5.1-24.6) 

1.99 (0.8-2.8) 

0.080(0.05-0.11) ) 

14.55 (10.9-17.6) 

NUF:: net ultrafiltration, TCUFR: transcapillary ultrafiltration rate, TCUF max: maximal theoretical intraperitoneal 
ultrafiltration,, t50: time point were 50% of TCUF max would have been reached, TCUF» L mul is TCUFR in the 
firstfirst minute of the dwell, ELAR: effective lymphatic absorption rate, max delta D / P Na+: maximal dip in 
dialysate/plasmaa ratio of sodium after correction for sodium diffusion from the circulation using the MTA C of 
urate,, MTACcreat is MTA C of creatinine 

Basedd on our previous observations that a reduced sodium sieving was especially present in 

long-termm PD patients, we assumed that impaired aquaporin-1 function would result from 

continuouss exposure to bioincompatible PD solutions. If so, it should not be present in acute 

peritonitis.. Therefore we performed the present study, in which patients with acute peritonitis 

weree matched with stable long-term patients on the basis of their MTAC creatinine, reflecting the 

vascularr surface area. The criteria for the analysis of the free water transport consisted of the 

sievingg of sodium after correction for diffusion and the profile of the intraperitoneal volume 
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dur ingg the 4 hours dwell using a 3.86% glucose dialysate. Since net ultrafiltration and lymphatic 

absorpt ionn were not different in both groups, the two curves should have been identical, if the 

largee vascular surface area would have been the only causative factor of impaired net 

ultrafiltrationn in long-term peritoneal dialysis. The shape of the transcapillary ultrafiltration versus 

timetime curves, however, was markedlv different. In peritonitis a sharp rise in intraperitoneal volume 

wass found, followed bv a decrease. The initial rise in the long-term patients was much less steep. 

Thee resulting flattened ultrafiltration profile points to a reduced osmotic effect of the 

hvperosmolarr glucose solution. This hypothesis is also supported by the data shown in Figure 2, 

wheree the difference in the dip of D /P sodium is obvious. Both curves show a remarkable 

resemblancee with the computer models of Rippe d a/., in which a reduced osmotic conductance 

too glucose was simulated [17,31]. The t50, which was significantly earlier in peritonitis than in 

MTAC-matchedd long-term patients, also points to a defect in free water transport in chronic PD. 

Thee assumption that indeed osmotic conductance to glucose is impaired in long-term PD, and 

nott augmented in peritonitis, is supported by the results of the comparison of 8 patients during 

peritonitiss with the MTAC-matched, recently started controls. This group showed similar 

t ransportt parameters compared to the peritonitis patients, implying that free water transport in 

peritonitiss is unaffected, whereas it is significantly lower in the long-term patients. In addition, 

thee results of the 5 patients who were investigated within one year previous to the peritonitis 

episodee also suggest that osmotic conductance to glucose was unchanged during peritonitis. This 

indicatess that the impaired osmotic conductance is likely to be the result of chronic exposure to 

peritoneall  dialysis. In the present study, no control SPA was performed after the peritonitis 

episode,, in order to confirm that the changes in peritoneal transport were reversible. However, 

previouss studies on this subject showed complete recover}' of transport parameters after recover)' 

fromm peritonitis [8]. Since no long-term data on peritoneal water transport are available, 

longitudinall  studies in large patient groups on the changes in the osmotic conductance to glucose 

aree required. 

I nn contrast with our findings, Combet et al. found impaired sodium sieving in rats with 

acutee peritonitis [10]. The difference is most likely explained by the correction for sodium 

diffusionn made in the present study. High diffusion rates during acute peritonitis otherwise would 

havee caused blunting of the D / P sodium ratio due to rapid transport of sodium from the 

circulationn to the dialysate, also in our patients with peritonitis. 

I tt can be concluded that the peritoneal free water transport is within the normal range during 

acutee peritonitis, whereas it is a contributing factor to ultrafiltration failure in long-term PD. The 
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reasonn for this impaired osmotic conductance to glucose is probably the long-term treatment 

withh bioincompatible dialysis fluids, but further studies are required to determine the precise 

pathogenesis. . 
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Abstract t 

Introduction:Introduction: Ultrafiltration failure (L'FF) is a major complication of PD. It can occur at any 

stagee of P D, but develops in time and is therefore especially important in long-term treatment. 

T oo investigate its prevalence and to identify possible causes, we performed a multicenter study in 

thee Netherlands, where patients treated with PD for more than 4 years were studied, using a 

peritoneall  function test (SPA) with 3.86% glucose. UFF was defined as net ultrafiltration of < 

400mLL after a 4 hours dwell. 

Results:Results: 55 patients, unselected for the presence or absence of UFF were analyzed. Mean age was 

488 vears (18-74), duration of PD ranged from 48 to 144 months (median 61). UFF was present in 

200 patients (36%). Patients with and without L'FF did not differ in age, or in duration of PD. 

Mediann values for padents with normal UF compared to patients with UFF were: net UF 659 vs. 

1200 m l , (p <. 001), TCUFR 3.8 vs 2.1 m L / mm (p< 0.01), effective lymphatic absorption 1.0 vs. 

1.66 m L / m in (p< 0.05), MTA C creatinine 9.0 vs. 12.9 mL /m in (p<0.01), D / P creatinine 0.71 vs. 

0.866 (p< 0.01), glucose absorption 60 vs. 73 % (p< 0.01) and maximum dip in D / P sodium (as a 

measuree of free water transport) 0.109 vs. 0.032 (p< 0.01). As causes for UFF high MTA C 

creatinine,, defined as >12.5mL/min or a glucose absorption >72%, both reflecting a large 

vascularr surface, a lymphatic absorption rate (FAR) of >2.14 mL/min and a decreased dip in 

D / PP sodium of <0.046 were identified. Most patients had a combination of causes (12 patients), 

whereass in 3 patients there was only a decreased dip in D / P sodium, in 1 patient only high 

MTA CC creatinine and only high FAR in 2 patients. We could not identify a cause in 2 patients. 

Bothh groups had similar clearances of serum proteins and peritoneal restriction coefficients. 

However,, dialvsate CA125 concentrations, reflecting mesothelial cell mass, were lower in the 

UFFF patients (2.79 vs. 5.38 V/L) 

Conclusion:Conclusion: It can be concluded that the prevalence of UFF is high in long-term PD. It is mainly 

causedd bv a large vascular surface area and by impaired channel mediated water-transport. 

Besides,, these patients had also signs of a reduced mesothelial cell mass, indicating damage of the 

per i toneumm on both vascular and mesothelial site. 
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Introductio n n 

Ultrafiltrationn failure (UFF) is a serious complication of peritoneal dialysis, that can result in the 

necessityy to prescribe a fluid restriction and use higher dialysate glucose-concentrations, short 

cyclee PD, or incidental ultrafiltration with a hemodialyzer. Sometimes it is the end of PD-

treatment.. Although UFF can occur in any stage of peritoneal dialysis, it may develop in time 

[1,2],, and is therefore especially important in long-term PD. The exact prevalence of UFF in 

patientss treated with PD for a longer period is not known. Heimburger et a/, have reported a 

prevalencee of 31% for patients treated with PD for more than 6 years [3] and in a Japanese long-

termm study, drop-out because of UFF was as high as 51% after 6 years [4]. Both studies were 

basedd on clinical signs of UFF and not on a standardized test. 

Thee definition of UFF has been under discussion over the past years. Some applied a 

clinicall  definition: the inability to remain at a certain dry-weight or the use of more than 2 

hypertonicc bags per day has been considered as ultrafiltration failure [5-7]. Others used a 

definitionn based on a standardized exchange and considered UFF to be present, for instance 

whenn there was negative net ultrafiltration with a 1.36% glucose dwell [8,9]. The International 

Societyy of Peritoneal Dialysis (ISPD) committee on ultrafiltration failure has advised to perform a 

standardizedd test with 3.86% glucose, and considered a net ultrafiltration of less than 400 mL 

afterr a 4 hours dwell as UFF [10]. A cross sectional study in a small number of PD patients, 

usingg the 400 mL/4 hrs on 3.86% glucose definition reported a prevalence of 23% [9]. 

Too elucidate the prevalence of ultrafiltration failure in long-term PD patients, based on 

thee current definition of < 400 mL net ultrafiltration after a 4 hours test with 3.86% glucose, we 

havee performed a study in as many as possible unselected patients on PD in the Netherlands, 

whoo had been treated for more than 4 years. The prevalence of UFF in this population was 

investigatedd as well as differences in membrane characteristics in patients with and without loss 

off  ultrafiltration capacity. A possible role of chronic inflammation in the development of UFF 

waswas studied by measurement of C-reactive protein and albumin. In addition, the causes of 

ultrafiltrationn failure were analyzed for each individual patient. 

Methods s 

Withh the help of the Netherlands Registry on Renal Replacement Therapy (RENINE) the dialysis 

centerss where patients were treated with PD for more than 4 vears, could be identified. The 

nephrologistss of these centers were approached to ask the patients to cooperate in this study. 
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Whenn they gave informed consent a standard peritoneal permeability analysis (SPA), with 3.86% 

glucosee in a 4 hours dwell was performed. 

Thee analyzed SPAs were performed between October 1996 and December 2000. Al l 

patientss used commercially available, glucose-based dialysis solutions (Dianeal , Baxter BV, the 

Netherlandss or StaySafe*, Fresenius BV, the Netherlands) some of them in combination with a 

glucosee polymer (Extraneal*, Baxter BV, the Netherlands). None of the included patients had 

peritonitiss during the test or in the preceding four weeks. Patients were considered to have 

ultrafiltrationn failure when net ultrafiltration after 4 hours was less than 400 mL. The protocol 

wass approved bv the commit tee for medical ethics of the Academic Medical Center of the 

Universityy of Amsterdam. 

Procedure Procedure 

Thee SPA was performed during a 4-hour dwell period, as described previously [11]. The test was 

donee with 3.86% glucose, using the volume the patient was used to. The test dwell was preceded 

andd followed by a rinsing procedure with 1.36% glucose to avoid the possible effects of the 

residuall  volume before the test, and to calculate the residual volume after the test. Dialysate 

sampless were taken before instillation and at multiple time points during the test (10, 20, 30, 60, 

120,, 180 and 240 minutes). The effect of a dead space volume was avoided by temporarily 

drainingg of 100-200 mL before the collection of each sample. Blood samples were taken at the 

beginningg and at the end of the test-period. A volume-marker, dextran 70 1 g /L (Hyskon, 

Medisann Pharmaceuticals AB, Uppsala, Sweden), was used to calculate fluid kinetics. To prevent 

aa possible anaphylactic reaction to dextran 70, dextran 1 (Promiten, NPBI, Emmercompascuum, 

thee Netherlands) was injected intravenously before instillation of the test bag [12] 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [13]. 

Creatininee and urate were measured by enzymatic methods (Boehringer Mannheim, Mannheim, 

Germany).. Al l electrolytes were determined using ion selective electrodes. Glucose was measured 

byy the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II , Technicon, 

Terrytown,, USA). Beta-2 microglobulin was determined with a microparticle enzyme immuno 

assayy with an Imx system (Abbott Diagnostics, Nor th Chicago, IL , USA). Albumin, IgG and 

alpha-2-macroglobulinn were all measured by nephelometry (BN 100, Behring, Marburg, 

Germany),, with commercial antisera (Dakopatts, Glostrupp, Denmark). CRP was measured 

immunoturbidimetrically. . 
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Dialysatee CA125, used as a marker of mesothelial cell mass, was determined by a 

commerciall  microparticle enzyme immunoassay (MEIA), using a monoclonal antibody against 

CA1255 (Abbott Laboratories IMx, IL, USA), validated for use in dialysate in our laboratory [14]. 

Calculations Calculations 

Alll  calculations were performed as previously described by Pannekeet et al. [11]. 

FluidFluid kinetics 

Transcapillaryy ultrafiltration and lymphatic absorption were assessed with the intraperitoneally 

administeredd volume marker dextran 70. Transcapillary ultrafiltration (TCUF) was calculated 

fromm the dilution of the volume marker, by subtracting the initial intraperitoneal volume (IPV) 

fromm the theoretical IPV (when both lymphatic absorption and sampling would not have been 

present)) at any time point. The effective lymphatic absorption rate (ELAR) was calculated as the 

peritoneall  dextran clearance [15]. The residual volume (RV) was determined by the following 

equation,, in which rs is the rinsing solution, ts is the test solution, V is volume, C is concentration 

[16]: : 

(( VrsCrs ] 

D/PP sodium was calculated as the dialysate sodium concentration divided by the plasma sodium 

concentration.. AD/P sodium is the difference between the initial D /P sodium and the lowest 

D /PP sodium (usually after 2 hours). A correction for Na+ diffusion from the circulation to the 

dialysate,, known to cause blunting of the decrease in D /P Na", was made as described previously 

[17],, using the mass transfer area coefficient of urate. The calculated sodium concentration in the 

dialysatee due to diffusion can than be subtracted from the measured concentration at any time 

point,, resulting in the actual Na+ sieving. 

SoluteSolute transport 

Peritoneall  handling of low molecular weight solutes was expressed as MTAC and D /P ratios. 

Thee MTAC represents the maximal theoretical diffusive clearance of a solute at t=0, before 

transportt has actually started. In this study we used the Waniewski model [18,19] Glucose 

absorptionn was calculated as the difference between the amount of glucose instilled and the 

amountt recovered, relative to instilled. 
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Proteinn clearances were calculated from the amount of protein in the effluent. The 

intrinsicc permeability to macromolecules can be functionally characterized by the peritoneal 

restrictionn coefficient (re). This is the slope of the power relationship between the clearance of 

serumm proteins and their free diffusion coefficient in water (Dw) [20, 21]: 

ClearanceimLClearanceimL I m in) - a  Dwn 

inn which a is a constant. 

Al ll  transport parameters were corrected for body surface area and expressed per 1.73 rrf. 

AnalysisAnalysis of the causes of ultrafiltration failure. 

T oo analyze the causes of ultrafiltration failure in each individual patient, we used the reference 

yaluess for peritoneal function tests with 3.86% glucose, obtained in a previous study [22]. When a 

valuee was outside the 9 5% confidence interval, it was considered abnormal. The maximum values 

forr the different causes of UFF were: 12.5 mL /m in /1 .73 m~ for MTA C creatinine, 0.86 for D / P 

creatinine,, 72% for glucose absorption, 2.14 mL/min /1 .73 m2 for ELAR, 409 mL for residual 

vo lumee and 0.046 for the maximum dip in D / P sodium (after correction for diffusion). 

StatisticalStatistical analysis 

Resultss are expressed as median values and ranges, because most data were distributed 

asymmetrically.. The Mann-Whitney-U test was employed for the comparison of the patients with 

ultrafiltrationn failure with those without LTFF. 

Resul ts s 

Patients Patients 

R E N I NEE selected 123 patients who were treated with PD for more than 4 years in the 13 centers 

cooperat ingg in the study. From this group, 55 patients underwent a SPA. The other 68 patients 

couldd not participate because of death (10 patients), transplantation (7 patients), transfer to 

hemodialysiss (8 patients) or refusal to cooperate by the patients (24 patients) or their 

nephrologistss (10 patients) for various reasons (e.g. severe co-morbidity, psychological factors, or 

participationn in other studies). The remainder of the eligible patients was not included because of 

logisticall  problems. The patients who did not participate were not different from the investigated 

groupp with regard to age, sex and duration of peritoneal dialysis. 
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Thee investigated patients had a mean age of 48 years (range 18 to 74 years). The duration 

off  PD therapy ranged from 48 to 144 months, median 61 months. The frequency distribution for 

thee duration of PD is shown in Figure 1. Reasons for renal failure were chronic 

glomerulonephritiss (18 patients), renal vascular disease (9 patients), polycystic kidney disease (4 

patients),, diabetic nephropathy (3 patients), congenital kidney disease (2 patients), interstitial 

nephritis,, bilateral nephrectomy (cancer), sclerodermia (all in 1 patient) and unknown in 16 

patients. . 

TransportTransport characteristics 

Amongg the 55 patients 20 had net UF of < 400 mL after a 4 hours dwell with 3.86% glucose 

(36%).. Patient characteristics for the groups with and without UFF are given in Table 1. The 

intraperitoneall  fluid profiles for both groups are given in Figure 2. 

Tablee 1. Clinical characteristics of the groups with and without ultrafiltration failure. Medians and ranges are given 

Male/female e 

Agee (years) 

Durationn of PD (months) 

Peritonitiss episodes 

Nett UF after 4 hours dwell (mL) 

normall  ultrafiltration 
n=35 5 

17/18 8 

499 (18 - 74) 

577 (48 - 144) 

1 ( 0 - 8) ) 

659(412-- 1115) 

ultrafiltrationn failure 
n=20 0 

9/11 1 

466 (19 - 73) 

722 (48 - 132) 

22 (0 - 8) 

1200 (-659 - 390) ' 

pp < 0.01 
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Peritoneall  transport parameters are given in Table 2. Patients with UFF had a 

significantlyy higher MTAC creatinine, D/P creatinine and glucose absorption than those without 

UFF.. In addition they had a higher effective lymphatic absorption rate. The maximum dip in 

D / PP sodium was lower in the patients with UFF than in those without UFF. Neither the residual 

volumee for the both groups, nor the clearances of macromolecules and the restriction coefficient 

showedd significant differences (see also Table 3). 

Tabl ee 2. Peritoneal transport characteristics for the groups with and without LTT. Medians and ranges are given 

normall  ultrafiltration 
n=35 5 

ultrafiltrationn failure 
n=20 0 

TCLTRR (mL/min / l .73 m2) 

ELA RR (ml. /mm/1.73 m2) 

R\""  (ml.) 

maxx dip D / P Na+ 

MTA CC creat (mL/min/ l .73 m-) 

D / PP creat 

glucosee absorption (%) 

3.88 (1.6 - 6."0 

1.0(0.0-2.4) ) 

218(111 -942) 

0.1099 (0.026 - 0.170) 

9,00 (3.7 - 16.2) 

0.-11 (0.49-0.90) 

600 (41 - 77) 

2.11 (0.9 - 3 "/) * 

1.6(0.5-6.3))

1533 (54-480) 

0.0322 (0.007 _ o.()95) 

12.99 (7.8- 18.4) * 

0.866 (0.6" - 0.96) * 

733 (54 - 88) * 

""  p<().001, y' p<0.05 
TCUFRR is the transcapillary ultrafiltration rate, ELAR is the effective lymphatic absorption rate, RV is the residual 
volume,, max dip D / P Na+ is the maximum dip in D / P sodium during the 4 hrs dwell (after correction for sodium 
diffusion),, MTA C creat is the mass transfer area coefficient for creatinine, D / P creat is the dialvsate over plasma 
ratioo for creatinine at t=240 min. 

Thee mean dialvsate CA125 concentration in all 55 patients was 4.71 U/L, but it was 

significandyy lower in the patients with UFF compared to those with normal ultrafiltration (2.79 

vs.. 5.38 U/L, p=0.02). 

Forr the patients with normal UF the median serum value for albumin was 34.3 g/L (21.0-

43.3)) and C-reactive protein was 4.5 mg/L (<3-68). This was not statistically different from the 

valuess for the patients with UFF: 32.8 mg/L (21.0-39.9, p=0.1) for albumin and 7.0 mg/L (<3-

Tabl ee 3. Clearances of macromolecules for the groups with and without I T T . Medians and ranges are given 

Normall  ultrafiltration (n-35) Ultrafiltration failure (n=20) 

Clearancess (mL/min / l .73 m2) 

betaa 2 microglobulin 

albumin n 

IgG G 

alpha-22 macroglobulin 

Restrictionn coefficient 

1.06(0.19-2.04) ) 

0.09(0.04-0.19) ) 

0.04(0.02-0.14) ) 

0.011 (0.00 - 0.02) 

2.666 (1.63 - 3.35) 

1.02(0.46-2.44) ) 

0.10(0.04-0.18) ) 

0.05(0.02-0.10) ) 

0.011 (0.00 - 0.07) 

2.74(1.84-3.28) ) 
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134,, p=0.3) for C-reactive protein. No correlations were found between MTAC creatinine and 

inflammationn parameters, or between net UF and albumin or CRP levels. 

AnalysisAnalysis of the causes of ultrafiltration failure 

Thee twenty patients with UFF were analyzed one-by-one for the cause of UFF. Six patients had 

onlyy one cause of UFF: a decreased dip in D /P sodium (3), a high MTAC creatinine (1) and a 

highh ELAR (2). Nine patients had two causes: a combination of high MTAC creatinine with a 

decreasedd dip in D /P sodium (7) or with a high ELAR (2). In two patients 3 causes were found 

(highh MTAC creatinine, high ELAR and a decreased dip), whereas 1 patient also had large 

residuall  volume. In 2 patients no cause of UFF could be identified. No relation was found 

betweenn the cause of UFF and the duration of peritoneal dialysis, as shown in Figure 3. 

500 0 

> > 
Ï5 5 

-500 0 

1000 0 

-500 0 
240 0 240 0 

dwel ll  tim e (min ) dwel ll  tim e (min ) 

Figuree 2. 

Fluidd profiles of the patients 
withh ultrafiltration failure 
(rightt panel) and with normal 
ultrafiltrationn (left panel). 
Transcapillaryy ultrafiltration 
(openn circles), lymphatic 
absorptionn (closed squares) 
andd net ultrafiltration (closed 
circles)) are plotted against 
time.. Asterisks mark the 
valuess that were significantly 
differentt for UFF patients 
thann for the patients with 
normall  UF. 

Discussion n 

Thee present study provides evidence for the clinical observation that ultrafiltration failure is an 

importantt complication of long-term peritoneal dialysis. Its prevalence was 36% in 55 patients, 

onlyy selected on the basis of the duration of peritoneal dialysis. This group is probably 

representativee for the whole population of long-term patients, because those who did not 

participatee were not different with regard to age, gender and duration of peritoneal dialysis. 

Fluidd overload is an important problem in PD patients, especially when residual urine 

productionn is absent. It ma)- be caused by a high fluid intake, inappropriate PD prescription, non-
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Figuree 3. 
Thee causes of ultrafiltration failure 
inn 18 patients in relation to the 
durationn of PD. No significant 
correlationn was found. 

compliance,, or bv a low drained volume. The latter can be due to mechanical problems, such as 

catheterr dislocation or subcutaneous leakages, or to peritoneal membrane failure. When the 

diagnosiss of ultrafiltration failure is based on a clinical definition, all the above causes of over 

hvdrationn are included, which might lead to over diagnosis. Under diagnosis is also possible, for 

instancee when a patient with impaired ultrafiltration, due to membrane failure, remains in a good 

hydrationn status because of strict adherence to a severe salt and fluid restriction. When a 

standardizedd dialysis dwell is used, as in the present study, a low drained volume can either be 

causedd by mechanical problems or by peritoneal membrane failure. Non membrane related 

causes,, such as catheter dislocation or subcutaneous leaks were ruled out in this study. The 

membrane-relatedd causes of ultrafiltration failure consisted of large vascular surface area, assessed 

byy MTAC creatinine, rapid effective lymphatic absorption and impaired free water transport. A 

veryy rare cause like an extremely small vascular surface area, e.g. in case of adhesions, where only 
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aa limited part of the peritoneum is available as a dialysis membrane [23,24] was not detected in 

ourr study population. The presence of a large vascular peritoneal surface area leads to a rapid 

absorptionn of the dialysis solution and thus to a fast disappearance of the osmotic gradient [25]. 

AA high peritoneal fluid absorption rate [3, 26] leads to a decrease in the drained volume, and also 

ann impaired conductance to glucose (e.g. peritoneal water channel dysfunction or low peritoneal 

ultrafiltrationn coefficient) [27-29] results in ultrafiltration failure. A combination of factors may 

alsoo be present. 

I nn this study, the group of patients with UFF showed higher transport rates for small 

solutess (65% of the patients), measured as high MTA C creatinine, high D / P creatinine and high 

glucosee absorption. This is in accordance with previous publications were small solute transport 

parameterss were found to be increased in long-term patients, especially when they suffered from 

UFFF [3,30,31]. In addition the UFF patients had higher lymphatic absorption rates (35% of the 

patients)) and a decrease of the maximum dip in D / P sodium (65% of the patients). Most patients 

hadd a combination of etiological factors. The combination of a large vascular surface area with an 

absencee in the dip of D / P sodium was the most frequent one. Speculative is whether the absence 

inn dip of D / P sodium in this group is a consequence of the lower net ultrafiltration, caused by 

thee rapid absorption of the osmotic agent due to the large vascular surface area, or an entity by 

itself.. The fact that 3 patients had no other cause of UFF than impaired free water transport, 

impliess that water channel dysfunction is an isolated factor in its etiology. Suggestions about 

challengingg the water channel transport with an even more hypertonic dialysis solution have been 

madee [32], but it is questionable how hypertonic this solution should be and if it would be ethical 

too use such solutions for investigational purposes. 

Thee relation between the occurrence of UFF in long-term PD and the peritonitis 

incidencee was investigated previously. The results were equivocal. Most publications showed no 

directt relation [3,5,33], although some authors have found a relation with late peritonitis episodes, 

recurrentt infections or peritonitis clusters [2]. In the present study the peritonitis incidence in the 

patientt groups with and without UFF was similar. This suggests that in long-term PD peritonitis 

doess not play a major role in the development of UFF. An alternative explanation could be that 

thee patients with frequent peritonitis episodes had been transferred to other renal replacement 

therapiess because of UFF before they reached the inclusion criterion of 4 years of PD treatment. 

Overr the past years, much attention has been given to chronic inflammation as a 

predictorr of outcome in dialysis. An elevated C-reactive protein level at the start of dialysis was 

foundd to be correlated to higher mortality [34,35]. The results of previous investigations on 

possiblee relationships between peritoneal transport status and serum parameters of inflammation 
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weree equivocal. Chung et a/, reported inflammation to be correlated with fast transport status in 

thee first year of peritoneal dialysis [36J. However, Wang and co-workers did not find a correlation 

betweenn transport rates and states of chronic inflammation [37]. In the present studv, the 

inflammationn parameters serum albumin and C-reactive protein were investigated. No difference 

wass found between the groups with and without ultrafiltration failure, nor was there a correlation 

betweenn transport status and the different inflammation markers. A possible explanation for this 

mayy be that effects of chronic inflammation on peritoneal transport are overshadowed by the 

anatomicall  changes after years of PD. An alternative explanation could be that the patients with 

thee highest inflammation parameters had already dropped out of PD treatment, because of 

morbidityy and mortality. 

CA1255 can be used as a marker of mesothelial cell mass or cell turnover in stable, non-

infectiouss PD patients. A negative trend with duration of PD was described previously [38], 

whichh is consistent with the reported cell loss that had been observed in peritoneal biopsies [39]. 

Al thoughh mesothelial cells are considered not to be involved in peritoneal transport, loss of the 

protect ionn of the mesothelial cell layer can probably be of influence in the damage to the 

endotheliall  cell layer. The finding in the present study that long-term patients with ultrafiltration 

failuree had lower CA125 levels than those with normal UF, is therefore more likely a sign of 

damagee of the peri toneum than a causative factor of ultrafiltration bv itself. 

I tt can be concluded that the prevalence of ultrafiltration failure is high in long-term peritoneal 

dialysiss patients. I t is mainly caused by a combination of a large vascular surface area and by 

impairedd free water transport. Besides, long-term patients with ultrafiltration failure had signs of a 

reducedd mesothelial cell mass, indicating damage of the peritoneum, both at the vascular and 

mesotheliall  site. 
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Abstract t 

Background:Background: Glycerol is a low-molecular weight solute (MAX' 92 D), that can be used as an osmotic 

agentt in continuous ambulator}- peritoneal dialysis (CAPD). Due to its low molecular weight, the 

osmot icc gradient disappears rapidly. Despite the higher osmolality at the beginning of a dwell, 

ultrafiltrationn has been found to be lower for glycerol compared to glucose (MAX' 180), when 

equimolarr concentrat ions were used. Previous studies have shown glycerol to be safe for long-

termm use, but some discrepancies were reported in the transport of small solutes and protein loss. 

Objective.Objective. To assess permeability characteristics for a 1,4% glycerol dialysis solution compared to 

1.36%% glucose. 

Design:Design: Two standardized peritoneal permeability analyses (SPA), one using 1.4% glycerol and the 

otherr using 1.36% glucose, in random order, were performed within a span of 2 weeks in 10 

stablee CAPD patients. The length of the study dwell was 4 hours. Fluid kinetics and solute 

t ransportt were calculated and signs of cell damage were compared for the two solutions. 

Setting.Setting. Peritoneal dialysis unit in the Academic Medical Center in Amsterdam. 

Results:Results: Median values for the 1.4% glycerol SPA were as follows: net ultrafiltration 251 mL, 

whichh was higher than for 1.36% glucose (12 mL, p<0.01); transcapillary ultrafiltration rate 2.12 

m L / m i n,, which was than that for glucose (1.52 mL/min, p=0.01); and effective lymphatic 

absorpt ionn rate 1.01 mL /m in, which was not different from the glucose based solution. 

Calculationn of peritoneal reflection coefficients for glycerol and glucose showed lower values for 

glyceroll  compared to glucose (0.03 vs. 0.04, calculated with both the convection and the diffusion 

model).. A marked dip in dialysate-to-plasma ratio for sodium was seen in the 1.4% glycerol 

exchange,, suggesting uncoupled water transport through water channels. Mass transfer area 

coefficientss for urea, creatinine and urate were similar for both solutions. Also, clearances of the 

macromoleculess B2-microglobulin, albumin, IgG and a2-macroglobulin were not different for 

thee two osmotic agents. The median absorption was higher for glycerol, 71 % compared to 49 % 

forr glucose (p<0.01), as could be expected from the lower molecular weight. The use of a 1.4 % 

glyceroll  solution during a 4-hour dwell caused a small, but significant median rise in plasma 

glycerol,, from 0.22 m m o l /L to 0.45 mmol /L (p=0.02). Dialysate cancer antigen 125 (CA-125) 

andd lactate dehydrogenase (LDH) concentrations during the dwell were not different for both 

solutions. . 

Conclusions:Conclusions: These findings show that glycerol is an effective osmotic agent that can replace 

glucosee in short dwells and shows no acute mesothehal damage The higher net ultrafiltration 

obtainedd with 1.4% glycerol can be explained by the higher initial net osmotic pressure gradient. 
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Thiss was seen especially in the first hour of the dwell. Thereafter, the osmotic gradient 

diminishedd as a result of absorption. The dip in dialysate-to-plasma ratio for sodium seen in the 

glyceroll  dwell can also be explained by this high initial osmotic pressure gradient, implying that 

thee effect of glycerol as osmotic agent is more dependent on intact water channels than is 

glucose. . 
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Introduct io n n 

Glucosee is the standard osmotic agent for peritoneal dialysis. It is a low molecular weight solute 

(M\VV 180 Dalton) that yields high ultrafiltration at relatively low concentrations, is readily 

metabolized,, not immunogenic, cheap and easy to manufacture. One of the disadvantages of 

glucosee as a dialysis solution is its absorption, which averages 66% of the instilled quantity during 

aa four and 7 5% during a 6 hours exchange [1,2], This can lead to hyperglycemia, 

hyperinsulinemiaa and to obesity-, due to the high caloric load [3]. Because of the extensive uptake 

off  intraperitoneally administered glucose, the peritoneal tissues are continuously exposed to 

extremelyy high glucose-concentrations, inducing impaired remesothelialization after mesothelial 

celll  damage [4-6]. In addition, high glucose-concentrations lead to non-enzymatic glycosylation of 

proteinss and the formation of advanced glycosylation endproducts (AGEs), as supported by the 

findingfinding that A G Es are present in the peritoneum of continuous ambulatory peritoneal dialysis 

(CAPD)) patients [7,8]. Another disadvantage of glucose as an osmotic agent is the obligatory 

acidificationn of the dialysis fluid before heat-sterilization in order to prevent caramelization. 

Becausee of these unfavorable effects of glucose, other osmotic agents have been 

investigated.. One of them is glycerol, a low molecular weight sugar alcohol of 92 Daltons that is a 

normall  physiological component of plasma. About 70%-90% is taken up by the liver, where it 

servess as an precursor for gluconeogenesis, and the remainder is metabolized by the kidneys and 

otherr tissues [9,10]. Long-term studies performed mainly in Belgium, of stable patients revealed 

goodd tolerance, but lower ultrafiltration (UF) rates than expected on the basis of the osmolality of 

thee solutions [11-13]. This is probably explained by the high absorption rates, but in addition, it 

hass been assumed that a lower osmotic reflection coefficient compared to glucose also 

contr ibutedd to this phenomenon. Actual values of these parameters are not available. From 

previouslyy published studies [14-17] it can be deduced that net UF obtained with the 1.4% 

glyceroll  solution is roughly similar to that obtained with 1.36% glucose, despite the markedly 

higherr osmolality of the former (410 mosmol /kg H 20) compared to the latter (347 mosmol /kg 

H 2 0 ).. The results of the effect of glycerol-based dialysis solutions and solute transport in these 

previouss studies were equivocal. 

Thee aim of the present study was to compare a 1.4% glycerol dialysis solution with 1.36% 

glucosee in standardized peritoneal permeability analyses, with reference to fluid transport and the 

transportt of low molecular weight solutes and macromolecules in stable CAPD patients. This 

enabledd us to calculate the osmotic reflection coefficient of glycerol. In addition, we studied the 

possibilityy of acute toxicity to the mesothelium by investigating the dialysate concentrations of 
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cancerr antigen 125 (CAI 25) and lactate dehydrogenase (LDH). 

Methodss and Patients 

Twoo Standard Peritoneal permeability Analyses (SPA) were performed in 10 stable CAPD 

patients.. The test solutions consisted of 1.36% glucose (PD1 Dianeal, Baxter B.V., Utrecht, the 

Netherlands)) and a solution containing 1.4% glycerol (Baxter). The composition of the fluids is 

summarizedd in Table 1. The protocol was approved by the Committee on Medical Ethics of the 

Academicc Medical Center, Amsterdam, and written informed consent was obtained from all 

patientss after an explanation of the purpose and methods of the study. 

Tablee 1. Composition of the dialysis solutions used 

1.36%% glucose2 1.4% glycerol1' 

N'a**  (mmol/L) 132 132 

Ca2tt (mmol/L) 1.75 1.25 

Mg2++ (mmol/L) 0.75 0.25 

CII  (mmol/L) 102 95 

Lactatee (mmol/L) 35 40 

Osmolalityy (mOsm/kg H20) 34" 410 

PHH 5.5 6.5 

a766 mmol/L 
bb 152 mmol/L 

Patients Patients 

Thee patients (9 men and 1 woman) had a mean age of 54 years (range 36 - 76 years) and a median 

weightt of 66 kg (range 63 - 110). The causes for renal replacement therapy were renal vascular 

diseasee (in 4 patients), chronic glomerulonephritis (4) and diabetic nephropathy (2). The duration 

off  CAPD therapy ranged from 3 to 50 months, mean 22 months (median 20 months). None of 

thee study patients had urine production of more than 100 mL/ 24 hours. Ail patients used 

commerciallyy available dialysis solution (Dianeal, Baxter). None of the patients had peritonitis at 

thee time of the study or in the preceding 4 weeks. 

Procedure Procedure 

Thee SPAs were performed during 4-hour dwells, as previously described [1]. One test was done 

withh 2 liters of 1.4% glycerol, the other with 1.36% glucose, in random order. The}' were 
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precededd and followed by a rinsing procedure with either 1.36% glucose or 1.4% glycerol, 

dependingg on the test solution, to avoid the possible effects of the residual volume before the 

test,, and to calculate the residual volume after the test. Dialysate samples were taken before 

instillationn and at multiple time points during the test (10, 20, 30, 60, 120, 180 and 240 minutes). 

Bloodd samples were taken at the beginning and at the end of the test-period. A volume-marker, 

dextrann 70 1 g /L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, Sweden), was used to 

calculatee fluid kinetics. To prevent a possible anaphylactic reaction to dextran 70, dextran 1 

(Promiten,, NPBI, Emmercompascuum, the Netherlands) was injected intravenously before 

instillationn of the test bag [18]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [19]. 

Creatinine,, urea, urate and LD H were measured by enzymatic methods (Boehringer Mannheim, 

Mannheim,, Germany). Al l electrolytes were determined using ion selective electrodes. The 

plasmaa proteins albumin, IgG and (x2-macroglobulin were assessed by nephelometry (BN100, 

Behring,, Marburg, Germany). Beta-2-microglobulin was determined on an IMx system, using a 

microparticlee enzyme immunoassay (ME I A) (Abott Diagnostics, Nor th Chicago, USA). Glucose 

wass measured by the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II , 

Technicon,, Terrytown, USA) and glycerol was determined both in dialysate and in plasma by an 

enzymaticc method (Boehringer Mannheim, Mannheim, Germany) [20], Plasma and dialysate 

levelss of CA125 were assessed by a commercial MEI A, using a monoclonal antibody against 

CA1255 (Abott Laboratories Imx, IE, USA), validated for measurements in dialysis in our 

laboratoryy [21]. Plasma osmolality was measured by depression of freezing point (Advanced 

Microo Osmometer, Advanced Instruments, Inc., Norwood, MA , USA). 

Calculations Calculations 

Al ll  calculations were performed as previously described by Pannekeet et al [1]. Briefly, changes in 

intraperitoneall  volume (IPV) are the result of transcapillary ultrafiltration (TCUF) and lymphatic 

absorption.. Both parameters were assessed with the intraperitoneally administered volume 

markerr dextran 70. The T C UF was calculated from the dilution of the volume marker, by 

subtractingg the initial IPV from the theoretical IPV (when both lymphatic absorption and 

samplingg would not have been present) at any time point. Because T C UF has its maximum value 

dur ingg the initial phase of a dwell, the T C UF rate in the first minute was calculated, using the 
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Lineweaver-- Burke plot, that is, the linear regression between the reciprocal values of the TCUF 

obtainedd during the SPA and the reciprocal of time [22]. This also enabled us to calculate the t50, 

thatt is, the time it takes to reach 50% of the maximal TCUF. The effective lymphatic absorption 

ratee (ELAR) was calculated as the peritoneal dextran clearance: 

EIAR(mL/min)EIAR(mL/min) =  (DX' °X,) 

(Dx(Dxgeomgeom)t )t 

Thus,, the ELAR is the difference between the instilled (DxJ and recovered (DxJ dextran 

amount,, divided by the geometric mean (Dx „) of the dialysate dextran concentration; t is the 

durationn of the exchange. It is implied that ELAR includes aU pathways of uptake into the 

lymphaticc system, both subdiaphragmatic and interstitial. The net UF is the difference between 

TCUFF and the lymphatic absorption. The net UF rate was calculated by dividing the AIPV24J1 mn 

byy the dwell time. Peritoneal handling of low molecular weight solutes was expressed as mass 

transferr area coefficients (MTACs). The MTAC represents the maximal theoretical diffusive 

clearancee of a solute at t=0, before transport has actually started. In this study we used the 

Waniewskii  model [23], where the solute concentration was expressed per volume of plasma water 

[24]: : 

MTAC(mUmin)MTAC(mUmin) = ^AnV\FF
{P~Dw) 

tt Vtx~F{P-D,) 

wheree Vm is the mean IPV, V1M is the IPV at t=10 minutes, F is a correction factor (0.5) for 

convectivee transport, P is the mean plasma concentration of the solute, and Dlc) the dialysate 

concentrationn at t=10 minutes, and Vt and Dr are the V and D parameters at t=240 minutes. 

Proteinn clearances were determined from the amount of protein in the effluent according to: 

Prr + Pr 
Cl(mUmm)-Cl(mUmm)- Dr RV 

(PO' ' 

Inn this equation, the dialysate protein contents of the drained test bag (PrDr) and the residual 

volumee (PrKV), are calculated relative to the plasma protein (Prp) concentration in time. The 

intrinsicc permeability (size-selectivity) of the peritoneal membrane can be represented by the 
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peritoneall  restriction coefficient (RC). The RC is the slope of the linear relationship between the 

MTACs,, or clearances of various solutes, and their free diffusion coefficients in water Dw , when 

plottedd on a double logarithmic scale: 

ClearanceClearance = a.DwRC 

inn which a is a constant. The RC for macromolecules was assessed as the slope of the regression 

linee between ftë-microglobulin, albumin, lgG and a2-macroglobulin and their free diffusion 

coefficientss in water [25]. 

Thee reflection coefficient (c) for glycerol and glucose across the pores of the peritoneal 

membranee was calculated using: 

16 6 aa =— 
3 3 \\ r 

20 0 

3 3 
a.\a.\ 1 

+ + 
rr  ) 3 

inn which (Xt. is the solute radius and r the pore radius. To calculate these parameters the solute 

radiii  of glucose and glycerol and the small (rs) and large (r,) pore radii of the peritoneal 

membranee are needed. The solute radii were determined by calculating their free diffusion 

coefficientss (E \J values, obtained using the principles of Wilke and Chang [26]: 

DDHH=7AxA0*=7AxA0*iMWiMW>>  T 

77V V 

inn which Dw is the free diffusion coefficient, x is the association parameter for water, M W is the 

molecularr weight of the solvent, T is the absolute temperature, T| is the water viscosity and V is 

thee molecular volume. The values used were: x for water, 2.6; M W for water, 18; T at 20"C, 293; 

T|,, 10 3' V for glucose, 166.1; and V for glycerol, 96.2. Using the Stokes-Einstein equation 0CL can 

bee calculated: 

RT RT 

a a 
67tT]NDw 67tT]NDw 
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wheree R is the gas constant and N is Avogadro's number. For glucose 0LL was calculated as 3.12 A 

andd for glycerol 0Ct. was 2.15 A. 

Forr assessment of the pore radii we used computer simulations as previously described 

byy Rippe and Stelin [27]. In this model solute and fluid transport are assumed to occur across the 

peritoneall  membrane by three different pores: a large number of small pores, a small number of 

largee pores, and a set of ultrasmall pores, in which only water transport takes place. This can be 

describedd in two different models: In the first, there is a hydrostatic pressure gradient, assumed to 

bee present across the large pores, responsible for the transport of macromolecules by convection 

(convectionn model). In the second model the hydrostatic pressure gradient over the large pores 

wass assumed to be approximately 0 mmHg, implying that the transport of macromolecules is 

onlyy determined by diffusion (diffusion model). In both models, the pore size and the 

unrestrictedd area over diffusion distance, that is, the surface area available for diffusion divided by 

thee length of the pathway from the capillar}7 wall to the dialysate, were varied to obtain the best 

fitfit  between the estimated and measured solute clearances, as described previously by Imholz et al 

[28].. The average reflection coefficient for both solutes across the peritoneal membrane consists 

off  the sum of the reflection coefficients of each pore set weighted by their respective fractional 

UFF coefficient (0̂  for the transcellular pores, O; for the small pores and CX, for the large pores). 

Forr the convection model the values reported by Rippe et al. [27] were used; (X, = 0.015, 0̂  

=0.929,, and a, = 0.056. For the diffusion model we used the values of Imholz et al. [28]; (X( -

0.015,, Ots =0.782, and OC, = 0.203. 

StatisticalStatistical analysis 

Resultss are presented as median values and ranges, because most data were asymmetrically 

distributed.. Where appropriate, means  SEM are given. For the comparison of the results of the 

twoo solutions, Wilcoxon's matched pairs rank sum test was employed. Spearman rank correlation 

analysiss was used to investigate possible correlations. 

Results s 

FluidFluid transport 

Thee results of fluid transport kinetics are given in Table 2 and Figure 1. Median TCUF rate was 
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higherr for the 1.4% glycerol exchange than for the 1.36% glucose exchange, especially during the 

initiall  phase of the dwell. The ELAR was not different during both experiments. Consequently, 

thee net UF after 4 hours was higher with glycerol (251 mL vs. 12 mL). 

Tabl ee 2. Peritoneal fluid kinetics (N=10, median values and ranges) during a 4 hour dwell using 1.36% glucose and 
1.4%% glvcerol-based dialvsate 

Nett ultrafiltration (mL) 

TCUFF rate (mL/rmn) 

TCUFF rate 0-1 min (mL/min) 

T500 (min) 

Effectivee lvmpharic absorption rate (mL/min) ) 

1.36%% glucose 

122 (-12-231) 

1.522 (0.94-2.12) 

7.244 (2.45-10.0) 

41.5(27.4-71.4) ) 

1.18(0.59-2.22) ) 

1.4%% glycerol 

2511 (89-335) 

2.122 (1.57-3.75) 

11.522 (4.7-15.1) 

36.99 (24.5-63.2) 

1.011 (0.73-3.11) 

p-value e 

0.006 6 

0.01 1 

0.024 4 

O.ó Ŝ S 

0.78 8 

TCUFF rate= transcapillary ultrafiltration rate 

SievingSieving of sodium 

AA marked dip in dialysate-to-plasma ratio (D/P) of sodium was found during the first hour of the 

glyceroll  dwell (Figure 2). The median value for D /P sodium at the beginning of the dwell was 

0.9255 for glucose and 0.956 for glycerol (not significant). After 60 minutes, D /P glycerol was 

significantlyy lower (0.904) than that of glucose (0.921, p=0.036). 

EE 200 

o o 

< < 

Figuree 1. 
Thee time course of transcapillary 
UFF (closed circles), effective 
lymphaticc absorption (closed 
squares)) and the resulting change 
inn intraperitoneal volume (closed 
triangles)) with 1.36% glucose (left 
panel)) and 1.4% glycerol (right 
panel),, are compared. * p<0.05 
comparedd to 1.36% glucose. 
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Tablee 3. Peritoneal membrane characteristics (median and ranges) after fitting the measured solute clearances with 
modell  I (convection through large pores onlv) and model II (diffusion through large pores only). Median values 
andd ranges are given 

Modell  I 
1.36%% glucose 1.4%% glycerol 

Modell  II 
1.36%% glucose 1.4%% glycerol 

Smalll  pore radius (A) 

Largee pore radius (A) 

A s/Axx (m) 

A L / A XX (m) 

47.55 (43-53.6) 

142.66 (121.9-172.2) 

138.555 (88.0-175) 

43.22 (34.7-50.0)* 

145.22 (120.5-169.2) 

132.22 (91.0-170.0) 

41.33 (35.6-48.5) 

363.55 (240.0-550.0) 

99.99 (66.0-140.0) 

33.88 (20.0-78.0) 

41.33 (34.0-47.0) 

458.55 (260-1200) 

95.66 (68.0-147.0) 

32.77 (19.6-45.7) 

A s/Axx and Ai./A x are the unrestricted pore areas over unit diffusion distance for the small and large pores. 
**  p=0.03, compared to 1.36% glucose 

,99 0.90 

Figuree 2. 
Dialysate-to-plasmaa ratios of sodium (D/P 
sodium)) during 4-hour dwells using 1.36% 
glucosee (open circles) and 1.4% glycerol 
(closedd circles) are compared. During the 
dwelll  with glycerol a decrease in D/P 
Sodiumm was observed, indicating sieving of 
sodiumm through the ultra small pores. Data 
aree expressed as medians for 10 stable 
CAPDD patients. 

tim ee (min ) 

ReflectionReflection coefficient 

Thee pore sizes in the convection model and the diffusion model obtained with computer 

simulationss are given in Table 3. The reflection coefficient of glycerol averaged 0.03 and that of 

glucosee 0.04 in both models, as shown in Table 4. 

Figuree 3. 
Plasmaa concentrations of glycerol before 
andd after a 4-hour dwell using 1.4% glycerol 
dialysatee are given for each patient. Higher 
valuess were measured after the glycerol 
dwell;; this difference was statistically 
significant,, p<0.05. 
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SolureSolure transport 

Thee peritoneal solute kinetics are summarized in Table 5. The MTACs of urea, creatinine and 

uratee and clearances of {32-microglobulin, albumin, IgG and 0C2-macroglobulin were similar for 

bothh test solutions. The restriction coefficient to macromolecules was also not different. 

Thee median absorption was higher for glycerol (71%) than for glucose (49%), as could be 

expectedd from the lower molecular weight of glycerol. The use of a 1.4% glycerol dialysis 

solutionn caused a small, but significant rise in plasma glycerol from 0.22 mmol/L to 0.45 

mmol/L,, p=0,02 (Figure 3). 

Tabl ee 4. The reflection coefficients (x 10 2) of rhe dialvsis solutions, 1.36% glucose and 1.4% glycerol, calculated 

whenn using the convection model and using the diffusion model. For each model the mean reflection coefficient 

acrosss the peritoneal membrane (O) and the fractional reflection coefficients over the small and large pores (as and 

fJi)) are given 

1.36%% Glucose 1.4% Glycerol 

3.511 2 7 1' 

2.144 1.29' 

0.266 0.16' 

3."744 2.~4' 

2.866 1.58* 

0.055 0.02* 

'p<< 0.001 compared to 1.36% glucose 

MarkersMarkers of toxicity 

Thee concentrations of CA125 and LDH during the dwell did not show an abrupt rise during the 

instillationn of either test solution, indicating there was no direct cytotoxicity to the mesothelium 

(Figuree 4). The gradual rise in CA125 and LDH that was observed during the four hours 

observationn period suggests a continuous release from mesothelial cells for CA125 and a 

combinationn of release and transperitoneal transport for LDH. 

Discussion n 

Thee results of the present study show that 1.4% glycerol is an effective osmotic agent, with 

greaterr net UF than 1.36% glucose. No effect on MTACs of low molecular weight solutes was 

found,, nor was there any effect on the clearances of macromolecules. Previous studies on this 

Convectionn model 

O O 

Os s 

o. . 
Diffusionn model 

o o 

o\ \ 
OY Y 
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Tablee 5. Peritoneal solute kinetics (N-10, medians and range) in a standardized peritoneal permeability analysis 

usingg 1.36% glucose and 1.4% glycerol 

1.36%% Glucose 1.4%% Glycerol p-value e 

MTA CC (rnL/min) 
Urea a 
Creatinine e 

Urate e 

Clearancee (uL/min) 

{^-microglobulin n 
Albumin n 
IgG G 
a2a2 - macroglo bulin 

Restrictionn coefficient 

18.44 (13.3-21.4) 
10.33 (5.9-12.4) 
7.33 (4.4-9.7) 

9111 (583-1389) 

113(62-590) ) 
533 (22-139) 

177 (7-32) 

2.355 (1.99-2.69) 

18.2(14.0-23.3) ) 
9.22 (5.4-12.1) 
6.99 (4.5-9.7) 

9955 (586-1598) 

104(70-186) ) 
600 (37-94) 
233 (7-37) 

2.233 (1.91-2.65) 

1 1 
0.36 6 
0.42 2 

0.8 8 
0.61 1 
0.41 1 
0.31 1 
0.06 6 

subjectt are equivocal. The results of these studies are summarized in Table 6. Most studies on the 

usee of glycerol in peritoneal dialysis focussed mainly on UF, side effects and its effects on plasma 

glyceroll  levels [9-12,29,30]. Only a few studies have been published about peritoneal permeability 

characteristicss and fluid kinetics [14-17]. All these acute studies showed good tolerance and no 

clinicallyy evident side effects. 

Tablee 6. Summary of the published studies on peritoneal transport of small solutes, fluid and macromolecules 
usingg glycerol-based versus glucose-based peritoneal dialysis solutions 

Reference e Pts s 

(no) ) 

Dwell l 
time e 

(hours) ) 

Concentrationn UF Transport of Transport of 
glucose/glyceroll  glucose/glycerol small solutes plasma 

proteins s 
(%)) (mL) 

Absorption n 
glucose/glycerol l 

(%) ) 

Heaton n 
[14] ] 

Dee Paepe 
[15] ] 

Lindholm m 
[16] ] 

Waniewski i 
[17] ] 

6 6 

6 6 

4 4 

4 4 

6 6 

4 4 

6 6 

6 6 

1.36/0.85 5 
3.86/2.5 5 

1.36/0.85 5 
2.27/1.4 4 
3.86/2.5 5 
1.36/0.85 5 
2.27/1.4 4 
3.86/2.5 5 

3.86/2.5 5 

S5/-67 7 
965/500 0 

258/44 4 
499/216 6 
654/309 9 
112/365 5 
207/-150 0 
808/369 9 

NR R 

1 1 
i i 
= = 
= = 
= = 
= = 
--
= = 
= = 

NR R 
NR R 

NR R 
NR R 
NR R 

t t 
T T 
t t 

TNS S 

71/86 6 
73/82 2 

NR R 
NR R 
NR R 

74/93 3 
74/88 8 
70/87 7 

NR R 

NR=nott reported; NS= not significant 

FluidFluid kinetics 

Alll  published experiments in patients have been performed with fluids delivered by 

Travenol/Baxter.. In these studies 0.85% glycerol (92 mmol/L) was compared to 1.36% glucose 

(766 mmol/L), 1.4% glycerol (152 mmol/L) to 2.27% glucose (126 mmol/L) and 2.5% glycerol 

(2722 mmol/L) to 3.86% glucose (214 mmol/L). These studies showed that the glycerol-based 
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solutionss induced less net UF during 4- to 6- hour exchanges than their glucose-based 

counterparts,, despite the higher initial osmolality of the glycerol solutions. Similar observations 

weree made in experiments in rats [31]. Although higher absorption rates of glycerol compared to 

glucosee were found [14,16], the difference between the osmotic agents seemed too small to fully 

explainn the low UF with glycerol, Therefore, a smaller peritoneal reflection coefficient for 

glyceroll  than for glucose has been postulated. However, inspection of the intraperitoneal fluid 

profiless described in literature [14,16] shows a similar increase during the first hour of an 

exchange,, thereafter the intraperitoneal volume was smaller during the glycerol dwells. As a 

result,, net UF7 after 4- to 6-hour exchanges obtained with 1.36% glucose was in the same order of 

magnitudee as net UF obtained with 1.4% glycerol [15,16]. As we wanted similar UF profiles to 

calculatee the reflection coefficient, we chose to compare 1.4% glycerol with 1.36%> glucose, 

despitee the difference in osmolality of the two solutions. The fluid profiles showed a steeper 

initiall  rise in IPV for glycerol than for glucose. When calculating the T C UF rate in the first 

minutee of the dwell, a significantly higher value for glycerol was found. Also, the TCUF rate was 

significantlyy higher in the initial phase of the dwell compared to the whole dwell, for both 

solutions.. Kinetic modeling using the pore model, suggested by Rippe and Stelin, showed similar 

valuess for the small and large pore radii, and for the unrestricted pore areas over unit diffusion 

distance,, irrespective of whether they were calculated on the glucose experiments or on the 

glyceroll  experiments. These parameters were also similar to previously published values for 

1.36%% glucose [32]. However, the reflection coefficient for glycerol was significantly lower than 

thatt for glucose with a mean difference of 0.01 between the two osmotic agents. Using these 

values,, it can be calculated that the initial osmotic pressure gradient averaged 28 m m Hg for 

glucosee and 55 m m Hg for glycerol. This may explain the steeper rise in intraperitoneal volume 

obtainedd with 1.4% glycerol. 

Aquaporin-11 is the water channel in peritoneal endothelial cells [33]. It is not permeable 

too small solutes such as glucose, urea and glycerol [34]. Therefore, the reflection coefficient of 

glucosee and glycerol to this water channel is 1.0. This explains the ven' marked sieving of sodium 

observedd during the first hour of the glycerol exchanges. As the sieving of sodium is likely to be 

causedd by channel-mediated water transport, our findings imply that the overall osmotic effect of 

1.4%% glycerol is more dependent on the integrity of peritoneal aquaporins than that of 1.36% 

glucose.. Lymphatic absorption was similar for the two solutions, implying that glycerol has no 

influencee on this parameter. 
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SoluteSolute kinetics 

Inn the previous studies on this subject, equilibration patterns between dialysate and plasma levels 

off  urea, creatinine and potassium were similar for glucose and glycerol solutions - De Paepe et al 

[15],, Lindholm et al [16] and Waniewski et al [17] - although Heaton et al.[14] found decreased 

equilibrationn rates for small solutes. In our study, the use of glycerol revealed no difference in 

peritoneall  handling of low-molecular weight solutes, suggesting that glycerol has no influence on 

thee vascular peritoneal surface area. 

AA point of concern with using glycerol exclusively as the dialysis solution is the high 

absorptionn of glycerol, leading to accumulation of glycerol in the plasma. This can give rise to a 

hyperosmolarr syndrome in which glycerol sometimes needs to be discontinued because of thirst 

andd the inability to remain on dry weight [10,15]. It can also interfere with the measurement of 

blood-triglycerides,, which have to be corrected for free glycerol concentrations [9,13,15]. In this 

singlee short-term administration, we found indeed a small but significant rise in plasma glycerol. 

Plasmaa osmolality, however, remained stable. The effect on plasma osmolality when using more 

exchangess per day has to be examined. 

Inn the earlier studies, clearances of macromolecules were either not assessed [14,15] or 

weree reported to be increased when glycerol was used [16]. Lindholm's group found, in 12 paired 

observationss in 4 patients, that loss of total protein was greater on glycerol than on glucose. After 

moree complex kinetic modeling this difference was no longer significant, probably because of the 

smalll  number of patients [17]. In our study no higher clearance of any of the serum proteins was 

foundd on glycerol compared to glucose. 

Thee transport of macromolecules is dependent on both the vascular peritoneal surface 

areaa and the intrinsic permeability of the peritoneal membrane, represented by the restriction 

coefficientt [25,35]. Since changes in intrinsic permeability to macromolecules probably reflect 

changee in large pore size, the present study showed no indication that glycerol has any effect on 

thiss parameter. 

MarkersMarkers of toxicity 

Wee found no direct toxicity of either dialysis solution. Previous studies suggested that glycerol 

wass less toxic than glucose [36]. The pH of glycerol containing dialysate is higher (6.5) compared 

too glucose (5.5), which is likely to increase biocompatibility and is probably responsible for the 

reductionn in abdominal pain during instillation [9]. Breborowicz et al. found cytotoxicity of 

variouss hyperosmolar osmotic agents in in vitro experiments when mesothelial cells were 

incubatedd for 24 hours with glucose, glycine, glycerol and mannitol for 24 hours [4]. A rise in 
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LD HH concentration in the culture medium was measured as marker of cell lysis. Cell-growth was 

inhibitedd most and LDH was highest with the use of glucose in high concentrations (90 mM), 

andd the least growth retardation and cell lysis were found when glycerol was used. 
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Figuree 4. 
Effluentt concentrations of CA125 (left panel) and LDH (right panel) during the 4-hour dwell for 
1.36%% glucose (open circles) and 1.4% glycerol (closed circles) are plotted. No significant 
differencess were seen. The gradual rise in dialvsate concentration of both markers was probably 
duee to continuous release from cells or peritoneal transport. 

Dialvsatee concentrations of CA125 can serve as a marker of mesothelial cell mass [21,37]. 

Ann abrupt rise in CA125 concentration after instillation of the dialysis solution would suggest 

directt mesothelial injury. Data from our laboratorv in 4-hour dwells with 1.36% and 3.86% 

glucosee and 7.5% Icodextrin showed only a gradual rise in dialvsate LDH and CA125 levels, 

suggestingg no acute cell lvsis had occurred [38]. In the present experiments, the CA125 

concentrationn as well as the dialvsate LDH concentration, also showed a gradual rise. Therefore 

thee observed increase is most likely the result of a continuous release from cells or peritoneal 

transportt [39]. 

Itt can be concluded that 1.4% glycerol is an effective osmotic agent with higher TCUF compared 

too 1.36% glucose during short exchanges. The higher TCUF rate for glycerol is due mainly to the 

higherr osmolality of the solution, which exceeds the negative effects of the lower reflection 

coefficient.. Therefore, the osmotic pressure gradient at the beginning of a dwell is higher with 
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glycerol.. Consequently, the TCUF rate was highest at the beginning of a dwell and diminished 

laterr on because of the high absorption of glycerol, a consequence of the lower molecular weight. 

Thiss high initial osmotic pressure gradient gave a marked dip in D /P sodium, a result of 

transcellularr water transport. We therefore suggest that the effect of glycerol as osmotic agent is 

moree dependent on intact aquaporin-mediated water transport than that of glucose. 

References s 

1.. Pannekeet MM, Imholz ALT, Struijk DG, Koomen GCM, Langendijk MJ, Schouten N, 
Waartt R de, Hirallal J, Krediet RT. The standard peritoneal permeability analysis: a tool 
forr the assessment of peritoneal permeability characteristics in CAPD patients. Kidney 
Intt 1995; 48: 866-875. 

2.. Heimburger O, Waniewski J, Werynski A, Lindholm B. A quantitative description of 
solutee and fluid transport during peritoneal dialysis. Kidney Int 1992;41:1320-1332. 

3... Heaton A, Johnston DG, Burrin JM. Carbohydrate and lipid metabolism during 
continuouss ambulatory peritoneal dialysis (CAPD). The effect of a single dialysis cycle. 
Clinn Sci 1983:65:539-545. 

4.. Breborowicz A, Rodela H, Oreopoulos DG. Toxicity of osmotic solutes on human 
mesotheliall  cells in vitro. Kidney Int 1992; 41: 1280-1285. 

5.. Van Bronswijk H, Verburgh H, Bos H, Heezius E, Liem Oe P, Van der Meulen J, 
Verhoeff  J. Cytotoxic effects of commercial continuous ambulatory peritoneal dialysis 
(CAPD)) fluids and of bacterial exoproducts on human mesothelial cells in vitro. Perit 
Diall  Bull 1989;9:197-202. 

6.. Witowski J, Knapowski J. Glycerol toxicity for human peritonea! mesothelial cells in 
culture:: comparison with glucose. Int J Art Organs 1994;17:252-260. 

7.. Yamada K, Miyahara Y, Hamaguchi K, Nakayama M, Nakano H, Nozaki O, Miura Y, 
Suzukii  S, Tuchida H, Mimura N, Araki N, Horiuchi S. Immunohistochemical study of 
humann advanced glycosylation end-products in chronic renal failure. Clin Nephrol 
1994;6:354-361. . 

8.. Nakayama M, Kawaguchi Y, Yamada K, Hasegawa T, Takazoe K, Katoh N, Hayakawa 
H,, Osaka N, Yamamoto H, Ogawa A, Kubo H, Shigematsu T, Sakai O, Horiuchi S. 
Immunohistochemicall  detection of advanced glycosylation end-products in the 
peritoneumm and its possible pathophysiological role in CAPD. Kidney Int 1997;51:182-
186. . 

9.. Veys N, Ringoir S, Lameire N. Osmotic agents in the peritoneal fluid. Contributions to 
Nephrologyy 1990;84:27-35. 

10.. Matthys E, Dolkart R, Lameire N. Potential hazards of glycerol dialysate in diabetic 
CAPDD patients. Perit Dial Bull 1987;7:16-19. 

11.. Matthys E, Dolkart R, Lameire N. Extended use of a glycerol containing dialysate in 
diabeticc CAPD patients. Perit Dial Bull 1987;7:10-15. 

12.. Heaton A, Ward MK, Johnston DG, Alberti KGMM, Kerr DNS. Evaluation of glycerol 
ass an osmotic agent for continuous ambulatory peritoneal dialysis in end-stage renal 
failure.. Clin Sci 1986;70:23-29. 

13.. Lameire N, Faict D. Peritoneal dialysis solutions containing glycerol and amino acids. 
Peritt Dial Int 1994;14(suppl 3):sl45-sl51. 

14.. Heaton A, Ward M, Johnston D, Nicholson D, Alberti K, Kerr D. Short-term studies on 
thee use of glycerol as an osmotic agent in continuous ambulator}' peritoneal dialysis 

155 5 



(CAPD).. Clin Sci 1984;67:121-130. 

15.. De Paepe M, Matthys E, Peluso F, Dolkart R, Lameire N. Experience with glycerol as the 
osmoticc agent in peritoneal dialysis in diabetic and non-diabetic patients. In: Keen H, 
Legrainn M, eds. Prevention and treatment of diabetic nephropathy. Boston, MT P Press 
1983:299-313. . 

16.. Lindholm B, Werynski A, Bergstrom J. Kinetics of peritoneal dialysis with glycerol and 
glucosee as osmotic agents. Trans A m Soc Artifi c Organs 1987;53:19-27. 

17.. Waniewski J, Werynski A, Heimburger O, Park M, Lindholm B. Effect of alternative 
osmoticc agents on peritoneal transport. Blood Purif 1993;11: 248-264. 

188 Renck H, Ljungström H G, hedin H, Richter W. Prevention of dextran induced 
anaphylacticc reacrion by hapten inhibition. Acta Chir Scan 1983;149:355-360. 

19.. Koomen GCM, Krediet RT, Leegwater ACJ, Struijk D G, Arisz L, Hoek FJ. A fast 
reliablee method for the measurement of intraperitoneal dextran 70, used to calculate 
lymphaticc absorption. Adv Perit Dial 1991;7:10-14. 

20.. Lloyd B, Burrin J, Smythe P, Alberti KGMM . Enzymic fluorometric continuous flow 
assayss for blood glucose, lactate, pyruvate, alanine, glycerol and 3-hydroxybutyrate. Clin 
Chemm 1978;34:1724-1729. 

21.. Koomen GCM, Betjes MG, Zemel D, Krediet RT, Hoek FJ. Cancer antigen 125 is locally 
producedd in the peritoneal cavity during continuous ambulatory peritoneal dialysis. Perit 
Diall  Int 1994;14:132-136. 

22.. Krediet RT, Struijk D G, Koomen GCM, Arisz L. Peritoneal fluid kinetics during CAPD 
measuredd with intraperitoneal dextran 70. ASAIO Trans 1991;37:662-667. 

23.. Waniewski J, Werynski A, Heimburger O, Lindholm B. Simple models for description of 
smalll  solute transport in peritoneal dialysis. Blood Purif 1991;9:129-141. 

24.. Waniewski J, Heimburger O, Lindholm B. Aequous solute concentrations and evaluation 
off  mass transport coefficients in peritoneal dialysis.Nephrol Dial Transplant 1992;7:50-
57. . 

25.. Zemel D, Krediet RT, Koomen GCM, Struijk D G, Arisz L. Day-to-day variability of 
proteinn transport used as a method for analyzing peritoneal permeability- in CAPD. Perit 
Diall  Int 1991;11:217-223. 

26.. Wilk e C, Chang P. Correlation of diffusion in dilute solutions. AIChE Journal 
1955;1:264-270. . 

27.. Rippe B, Stelin G. Simulations of peritoneal solute transport during CAPD. Application 
off  two pore formalism. Kidney Int 1989 ;35:1234-1244. 

28.. Imholz ALT , Koomen GCM, Struijk D G, Arisz L, Krediet RT. Effect of an increased 
intraperitoneall  pressure on fluid and solute transport during CAPD. Kidney Int 
1993;44:1078-1085. . 

29.. Twardowski Z, Khanna R, Nolph K. Osmot ic agents and ultrafiltration in peritoneal 
dialysis.. Nephron 1986;42:93-101. 

30.. Gokal R. Osmot ic agents in peritoneal dialysis. Contrib Nephrol 1990;85:126-133. 
31.. Daniels F, Leonard E, Cortell S. Glucose and glycerol compared as osmotic agents for 

peritoneall  dialysis. Kidney Int 1984;25:20-25. 
32.. Douma CE, Imholz ALT , Struijk D G, Krediet RT. Similarities and differences between 

thee effects of amino acids and nitroprusside on peritoneal permeability during CAPD. 
Bloodd Purif 1998;16(2):57-65. 

33.. Pannekeet MM , Mulder JB, Weening JJ, Struijk D G, Zweers MM , Krediet RT. 
Demonstrat ionn of Aquaporin-CHIP in peritoneal tissue of uremic and CAPD patients. 
Kidneyy Int 1995;48:866-875. 

34.. Knepper MA . The aquaporin family of molecular water channels. Proc Natl Acad Sci 
USAA 1994;1991:6255-6258. 

35.. Krediet RT, Zemel D, Struijk DG, Koomen GCM, Arisz L. Individual characterization of 

156 6 



thee peritoneal restriction barrier to macromolecules. Adv Pent Dial 1991;7:15-20. 
36.. Fijter de CWH, Verbrugh HA, Oe PL, Peters EDJ, Meulen van der J, Donker AJM, 

Verhoeff  J, Lameire N. The efect of glycerol-containing peritoneal dialysis fluid on 
peritoneall  macrophage function in vivo. Adv Perit Dial 1994;10:154-157. 

37.. Visser CE, Brouwer-Steenbergen JJ, Betjes MG, Koomen CCM, Beelen RH, Krediet RT. 
Cancerr antigen 125: a bulk marker for the mesothelial mass in dtable peritoneal dialysis 
patients.. Nephrol Dial Transplant 1995;10:64-69. 

38.. Ho-dac- Pannekeet MM, Hirallal JK, Struijk DG, Krediet RT. Longitudinal follow-up of 
CA1255 in peritoneal effluent. Kidney Int 1997;51:888-893. 

39.. Buis B, Koomen GCM, Imholz ALT, Struijk DG, Reddingius RE, Arisz L, Krediet RT. 
Efectt of electric charge on the transperitonal transport of plasma proteins during CAPD. 
Nephroll  Dial Transpl 1997;12(3):621-2. 

157 7 



158 8 



ChapterChapter 10 

Treatmentt  of ultrafiltratio n failur e with non-
glucosee dialysis solutions in patients with 

andd without peritoneal sclerosis 

Watskee Smit1, Marja M Ho-dac-Pannekeet', Dirk G Struijk2, Raymond T Krediet1 

11 Department of Nephrology, Academic Medical Center, University of 
Amsterdam,, the Netherlands 

2Dianett Foundation, Amsterdam-Utrecht, the Netherlands 



Abstract t 

Introduction:Introduction: Ultrafiltration failure (UFF) in peritoneal dialysis patients is a reflection of changes in 

thee peritoneal membrane, which can include mesothelial damage, neoangiogenesis and sometime 

peritoneall  fibrosis. These structural changes are probably induced by the use of bioincompatible 

dialysiss solutions. Therefore, we investigated the effects of the treatment with a combination of 

non-glucosee dialysis solutions in patients with severe UFF 

Methods:Methods: Ten patients with UFF (net UF < 400ml/4hr on 3.86% glucose) were treated with a 

combinat ionn of glycerol, icodextrin with or without aminoacid based dialysis solutions for 3 

months.. Four of them were diagnosed with encapsulating peritoneal sclerosis (PS), proven by 

peritoneall  biopsies. Standard peritoneal permeability analyses (SPA), using 3.86% glucose, were 

performedd and dialysate CA125 appearance rate (AR-CA125) was analyzed at start, after 6 weeks 

andd after 12 weeks. PS and non-PS patients were compared. 

Results:Results: One patient was transplanted after 6 weeks, one was withdrawn from peritoneal dialysis 

becausee of clinical signs of encapsulating PS before the 3 months ended. PS patients were treated 

forr a longer duration than the non-PS patients (102 vs. 52 months, p=0.05), but no differences in 

baselinee transport parameters or AR-CA125 were present. During the study, no differences were 

observedd for transport characteristics when the results of the whole group at 6 and at 12 weeks 

weree compared to baseline. For the non-PS patients, however, a significant increase of 

transcapillaryy ultrafiltration rate (from 2.2 mL /m in to 2.6 mL/min, p<0.05) and a decrease of the 

MTA CC creatinine (from 14.3 mL/min to 12.6 mL /m in, p<0.05) was found after 6 weeks of 

glucose-freee treatment. Free water transport, measured as the maximum dip in dialysate-to-

plasmaa ratio of sodium and as the transport through the ultra small pores in the first minute, 

tendedd to improve, but this difference did not reach significance. In addition, the AR-CA125 

increasedd significantly (from 2.8 U/min to 16.1 U /m in, p<0.05). Continued treatment did not 

reachh statistical difference after 3 months. N o changes were observed in the PS patients. 

Conclusions:Conclusions: In the present study, an improvement of U FF in non-PS patients was obtained by 

withdrawall  of glucose-based dialysis solutions. The abnormalities in PS patients are probably 

irreversible.. Early withdrawal of glucose based dialysis solutions or at least a marked reduction in 

glucosee exposure should be considered in UFF patients, but identification of the patients who 

wouldd benefit most, needs further studies. 
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Introductio n n 

Glucose-inducedd ultrafiltration becomes insufficient in an important part of peritoneal dialysis 

(PD)) patients. This can occur at any stage of PD treatment, but is most important in long-term 

patientss [1-4]. Some patients eventually develop peritoneal sclerosis. Impaired ultrafiltration is 

oftenn associated with high small solute transport rates, leading to a rapid dissipation of the 

osmoticc gradient [1,5,6]. Also high fluid absorption rates [7] and a decreased conductance to 

glucosee have been described [7-9]. Decreased osmotic conductance to glucose implies 

impairmentt of free water transport. 

Inn addition to these functional abnormalities, anatomical changes have been described, 

suchh as diabetiform reduplications of the basement membrane of peritoneal capillaries [10], 

thickeningg of the submesothelial compact collagenous zone of the parietal peritoneum, 

sometimess accompanied by loss of surface mesothelium [11,12] and interstitial fibrosis in 

omentall  tissue [13]. In addition an increased number of vessels has been found [13]. The 

thicknesss of the submesothelial compact zone was related to the duration of PD, the absence of 

mesotheliumm and the prevalence of vasculopathy [12]. A correlation has also been described 

betweenn the number of peritoneal vessels and the fibrotic alterations [13]. In patients with 

peritoneall  sclerosis these fibrotic and vascular abnormalities are also present, but much more 

severe. . 

Cancerr antigen 125 (CA-125) can be used as a marker of mesothelial cell mass [14,15], 

Withh the use of bioincompatible dialysis solutions the balance between mesothelial degeneration 

andd regeneration can be disturbed. This leads to a reduction of mesothelial cell mass, which is 

reflectedd by a decrease in effluent CA-125. 

Peritoneall  dialysis regimes are mainly based on glucose-based dialysis solutions, but from 

thee above it is clear that glucose has some disadvantages. It seems likely that the exposure to 

extremelyy high glucose concentrations is one of the causative factors in ultrafiltration failure. The 

questionn arises whether this process is reversible. Therefore, in this prospective study the effect 

off  the withdrawal of glucose in dialysis solutions on transport parameters and CA-125 was 

analyzedd in patients with severe ultrafiltration failure. A diagnosis of encapsulating peritoneal 

sclerosiss was made in some of them within one year after completion of the study. 
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Methods s 

Tenn patients with ultrafiltration failure were included in the study. Ultrafiltration failure was 

definedd as net ultrafiltration of less than 400 m l after a 4 hours dwell with a 3.86% glucose 

solution.. After explanation of the aim of the study and written informed consent the patients 

startedd treatment with non-glucose dialysis solutions for at least 3 months. The dialysis regime 

consistedd of 2 to 3 exchanges with a 2.5% glycerol-based dialysate (Baxter, Utrecht, the 

Netherlands),, one exchange with a 1.1% amino acid-based dialysate (Nutrineal*, Baxter B.V.) and 

onee exchange with 7.5% icodextrin containing dialysate (Extraneal*, Baxter B.V.; ML 

Laboratories,, St Albans, UK) . The number of glycerol exchanges and the dwell times were 

adjustedd to the patients' needs. Plasma osmolality- was monitored throughout the study, because 

off  the risk of hyperosmolaliry by absorption of glycerol. The study protocol was approved by the 

Commit teee of Medical Ethics at the Academic Medical Center of Amsterdam. 

AA standard peritoneal permeability analysis (SPA) was performed after 6 weeks, 3 months, 

andd even- 6 weeks that the patient was treated thereafter. The SPA was performed during a four 

hourss dwell period, as described previously [16]. The test was done with 3.86% glucose, using the 

volumee the patient was used to. The test dwell was preceded and followed by a rinsing procedure 

withh 1.36% glucose to avoid the possible effects of the residual volume before the test, and to 

calculatee the residual volume after the test. Dialysate samples were taken before instillation and at 

multiplee time points during the test (10, 20, 30, 60, 120, 180 and 240 minutes). The effect of a 

deadd space volume was avoided by temporarily draining of 100-200 mL before the collection of 

eachh sample. Blood samples were taken at the beginning and at the end of the test-period. A 

volume-marker,, dextran 70 1 g /L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, Sweden), was 

usedd to calculate fluid kinetics. To prevent a possible anaphylactic reaction to dextran 70, dextran 

11 (Promiten, NPBI, Emmercompascuum, the Netherlands) was injected intravenously before 

instillationn of the test bag [17]. 

Measurements Measurements 

Totall  dextran was determined by means of high performance liquid chromatography [18] 

Creatininee and urate were measured by enzymatic methods (Boehringer Mannheim, Mannheim, 

Germany).. Al l electrolytes were determined using ion selective electrodes. Glucose was measured 

byy the glucose oxidase-peroxidase method, using an autoanalyzer (SMA-II , Technicon, 

Terrytown,, USA). Dialysate CA125, was determined by a commercial microparticle enzyme 

immunoassayy (MEIA) , using a monoclonal antibody against CA125 (Abbott Laboratories IMx , 
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IL ,, USA), validated for use in dialysate in our laborator}' [19]. CA-125 is expressed as its dialysate 

appearancee rate, that is the total amount present in the effluent divided by the duration of the 

dwell.. Plasma osmolality was measured by depression of freezing point (Advanced Micro 

Osmometer). . 

FluidFluid kinetics 

Transcapillaryy ultrafiltration and effective lymphatic absorption were assessed with the 

intraperitoneallyy administered volume marker dextran 70. Transcapillary ultrafiltration (TCUF) 

waswas calculated from the dilution of the volume marker, by subtracting the initial intraperitoneal 

volumee (IPV) from the theoretical IPV (when both lymphatic absorption and sampling would 

nott have been present) at any time point. The effective lymphatic absorption rate (ELAR) was 

calculatedd as the peritoneal dextran clearance [20]. 

D /PP sodium was calculated as the dialysate sodium concentration divided by the plasma 

sodiumm concentration. The maximum dip in D /P sodium is the difference between the initial 

D /PP sodium and the lowest D /P sodium. A correction for Na+ diffusion from the circulation to 

thee dialysate, known to cause blunting of the decrease in D /P Na+, was made as described 

previouslyy [21], using the mass transfer area coefficient of urate. The calculated sodium 

concentrationn in the dialysate due to diffusion can than be subtracted from the measured 

concentrationn at any time point, resulting in the actual Na+ sieving. 

SoluteSolute transport 

Peritoneall  handling of low molecular weight solutes was expressed as MTACs. The MTAC 

representss the maximal theoretical diffusive clearance of a solute at t=0, before transport has 

actuallyy started. In this study we used the Waniewski model [22,23]. Glucose absorption was 

calculatedd as the difference between the amount of glucose instilled and the amount recovered, 

relativee to instilled. All transport parameters were corrected for body surface area and expressed 

perr 1.73 m2 body surface area. 

StatisticalStatistical analysis 

Dataa are expressed as medians and ranges. Analysis of paired observations was performed by the 

pairedd Student t-test. The results after 6 weeks and after 3 months were compared with base-line 

levels.. Comparisons between the patients with and without peritoneal sclerosis were tested non-

parametrically,, using the Mann-Whitney-U test. 
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Results s 

Patients Patients 

Thee demographic data of the patients participating in the study, as well as the duration of follow 

upp and the drop-out reason are shown in Table 1. Ten patients started the study. One patient was 

withdrawnn after 6 weeks because of clinical signs of encapsulating peritoneal sclerosis and 

anotherr one because of unmanageable overhydration, just before the 3 months had ended. Three 

otherss were diagnosed with encapsulating peritoneal sclerosis, proven by peritoneal biopsies, 

withinn one year after the study ended. Twoo patients were transplanted after 3 months. Statistical 

analysiss was therefore only possible at start, after 6 weeks and after 3 months. 

Peritoneall  sclerosis and non-sclerosis patients differed in duration of PD (102 vs. 52 

months,, p=0.05), but not in appearance rate of CA-125 at the start of the treatment (2.8 U/min 

vs.. 1.1 U/min, p=0.4), and transcapillary ultrafiltration rate (2.2 mL/min vs. 1.2 mL/min, p=0.5), 

ass shown in Figure 1. 
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Figur ee 1. 
Thee basal values for duration of PD, TCUFR and CA-125 appearance rates in the dialysate 
betweenn the patients with peritoneal sclerosis. (PS) and without peritoneal sclerosis (non-PS). 
Medians,, quartiles (boxes) and extremes (whiskers) are given. 

FollowFollow up 

Valuess for peritoneal transport characteristics and CA-125 in the 3 months of glucose free 

treatmentt are given in Table 2. No statistically significant changes after 6 weeks or 3 months of 

glucose-freee treatment were observed for transport characteristics, compared to baseline levels. A 

trendd towards improvement was observed in free water transport, measured as an increase in the 

maximumm dip in D /P sodium from 0.02O to 0.048 (p= 0.15) and in glucose absorption, which 

decreasedd from 75% to 67% (p= 0.09) after 12 weeks. In addition, the CA-125 appearance rate 
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increasedd after 6 weeks of glucose-free treatment and remained increased after continued 

treatmentt with glucose free solutions. 

Tablee 1. Demographic data of 10 patients entering the study. 

patient t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

sex x 

F F 

F F 

M M 

M M 

F F 

M M 

F F 

F F 

M M 

M M 

dialvsiss scheme 
beforee start 

CCPDD 8x3.86% 

CAPDD 5x3.86% 

CCPDD 6x3.86% 

CAPDD 4x3.86% 

CAPDD 3x3.86% 

CCPD D 
4x3.86%,lx2.27% % 

CAPD D 
3X3.86%,lxICO O 

CAPD D 
3X2.27%,lxl.36% % 

CAPD D 
2X2.27%,lx3.86% % 

CAPD D 
2X2.27%,lx3.86% % 

durationn of 
PD D (months) ) 

56 6 

77 7 

96 6 

48 8 

12 2 

30 0 

70 0 

99 9 

108 8 

115 5 

nett UF 
(mL) ) 

-9 9 

167 7 

89 9 

255 5 

390 0 

88 8 

336 6 

162 2 

81 1 

213 3 

AR-CA1255 (U/min) 

0.64 4 

2.1 1 

6.1 1 

21.5 5 

3.4 4 

1.1 1 

0.52 2 

1.13 3 

1.08 8 

3.67 7 

peritoneal l 
sclerosis s 

--

--

+ + 

--

--

--

+ + 

--

+ + 

+ + 

M:: male, F: female, CCPD: continuous cyclic peritoneal dialysis, CAPD: continuous ambulatory pentoneal dialysis, 
ICO:: 7.5% icodextnn based dialysis solution, AR-CA125: appearance rate for CA-125 in the dialysate per minute; 
thee reasons for dropout are given in parenthesis ;Tx: renal transplant, PS: peritoneal sclerosis 

Tablee 2. Transport characteristics for the 10 ultrafiltration failure patients entering the study. Medians and ranges 
aree given 

Nett UF (mL) 

TCUFRR (mL/min) 

ELARR (mL/min) 

Maxx dip D / P Na+ 

MTA CC creat (mL/min) 

Glucosee abs (%) 

AR-CA1255 (U/min) 

start t 
n=10 0 

1655 ( -9-390) 

1.9(0.6-3.1) ) 

0 .56(0-2.14) ) 

0.0200 (0 - 0.09) 

14.3(9.2-17.3) ) 

755 (55 - 89) 

1.62(0.52-21.5) ) 

66 weeks 
n=10 0 

212(111 -434) 

2.00 (0J - 3.2) 

0.711 (0.17-2.08) 

0.0388 (0.01 - 0.09) 

13.6(8.3-16.5) ) 

7 2 ( 5 4 - 8 1) ) 

4.222 (0.01 - 46.7)+ 

33 months 
n=8 8 

1899 (-223-712) 

2 .2(1.0-4.0) ) 

1.0(0.45-3.65) ) 

0.048(0.011 -0.15) 

13.0(7.1-16.4) ) 

677 (50 - 78) 

3.800 (0.01 - 25.9)* 

**  p<0.05 
Nett UF: net ultrafiltration after 4 hours (mL); TCUFR: transcapillary ultrafiltration rate (mL/min/1.73 m2); ELAR: 
effectivee lymphatic absorption rate (mL/min/1.73 m2); Max dip D / P Na+: maximum decrease in D / P sodium ; 
^^^ACC creat: mass transfer area coefficient of creatinine in mL/min/1.73 m2; Glucose abs: absorption of glucose 
afterr 4 hours (%); AR-CA125: appearance rate of cancer anrigen-125 in the dialysate (U/min) 
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AA separate analysis was performed for the patients with and without encapsulating peritoneal 

sclerosis,, as shown in Tables 3 and 4. 

Thee individual data for the 6 non-peritoneal sclerosis patients are shown in Figure 2. In 

thesee patients net UF became higher for 4 out of 6 patients (Figure 2A). TCUFR improved after 

66 weeks (Figure 2B), but no further improvement was seen after 3 months. A positive trend 

towardss improvement was observed in free water transport, as shown bv the increase of the 

maximumm dip in D / P sodium (Figure 2C). In addition, MTA C creatinine decreased in the first 

weekss of treatment (Figure 2D) and glucose absorption tended to decrease (Figure 2R). The 

appearancee rate of CA-125 in the dialvsate showed an increase with the glucose-free regime, as 

shownn in Figure 2F. Peritoneal sclerosis patients did not show any improvement with the 

glucose-freee treatment. 

Tabl ee 3. Peritoneal transport characteristics for 6 pancnrs with ultrafiltration failure without peritoneal sclerosis. 
Medianss and ranges are given 

startt 6 weeks p 

Nett UF (mL) 165 (-9 - 390) 302 (11 - 434) 0.2 
TCUFRR (mL/min) 2.2 (0.8 - 2.8) 2.6 (1.0 - 3.2) <0.05 
HLA RR (mL/min) 0.6 ( 0 - 2.14) 1.6 (0.18 - 2.04) 0.1 
Maxx dip D / P Na+ 0.020(0.010-0.090) 0.050(0.030-0.090) 0.08 
MTACcrcatt (mL/min) 14.3 (9.2 - 1".3) 12.6 (8.3 - 14.3) <0.05 
Glucosee abs % 7 8 (55 - 98) 68 (58 - 81) 0.17 
AR-CA1255 (U/min) 2.8(0.64-21.5) 16 .1(0 .20-467) <0.05 

Nett UF: net ultrafiltration after 4 hours (mL); TCUFR: transcapular}- ultrafiltration rate (mL/min/1.73 m3); 
FILAR:: effective lymphatic absorption rate (mL/min/1."3 m^; Max dip D /P Na+: maximum decrease in D / P 
sodiumm ; MTA C creat: mass transfer area coefficient of creatinine in mL/min/1.73 m:; Glucose abs: absorption of 
glucosee after 4 hours (%); AR CA125: appearance rate CA-125 in the dialvsate (U/min) 

Tabl ee 4. Peritoneal transport characteristics for 4 patients with peritoneal sclerosis. Medians and ranges are given 

startt 6 weeks p 

Nett UF (ml.) 151 (81 - 336) 136 (98 - 383) 0.8 

TCUFRR (mL/min) 1.17(0.60-3.11) 0.96(0.73-2.48) 0.3 
KLA RR (mL/min) 0.6 ( 0.23 - 1.69) 0.4 (0.1 ̂  - 0.""7) o.3 
Maxx dip D / P Na+ 0.016 (0 - 0.080) 0.028 (0.010 - 0.060) 0.9 
MTACcreatt (mL/min) 14.2 (10.4 - 15.2) 14.3 (9.1 - 16.5) 1.0 
Glucosee abs % "2 (66 - 80) "3 (54 - "3) 0.6 
AR-CA1255 (U/min) 1.11(0.52-3.67) 1.28(0.01-5.14) 0.5 

Nett UF: net ultrafiltration after 4 hours (mL); TCUFR: transcapilkry ultrafiltration rate (mL/min/1.73 m2); 
KLAR :: effective lymphatic absorption rate (mL/min/1.73 m2); Max dip D / P Na+: maximum decrease in D / P 
sodium;; MTA C crcat: mass transfer area coefficient of creatinine in mL/min / l .T 3 m2; Glucose abs: absorption of 
glucosee after 4 hours (%); AR-CA125: appearance rate of CA-125 in die dialvsate (U/min) 
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Noo hyperosmolality syndrome was observed during the study-period; a median rise in 

plasmaa osmolality of 301 (287-318) mOsmol/kg H ,0 to 304 (297-318) mOsmol/kg H ,0 was 

foundd (p=0.16). 
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Figuree 2. 
Differencess in values for 6 patients without peritoneal sclerosis in net ultrafiltration (A), 
transcapillarytranscapillary ultrafiltration (B), maximum dip in D /P sodium (C), MTAC creatinine (D), glucose 
absorptionn (E) and appearance rate of CA-125 (F), between the start of glucose-free treatment 
andd after 6 weeks. 

Discussion n 

Thee results of the present study indicate that withdrawal of glucose-containing dialysis solutions 

cann improve peritoneal function in patients with severe ultrafiltration failure, but without 
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peritoneall  sclerosis. In addition, the results of this intervention support the hypothesis that 

exposuree of the peri toneum to glucose or glucose degradation products, is important in the 

pathogenesiss of ultrafiltration failure. The failure to reach statistical significance for the majority 

off  the parameters studied is likely to be due to the small group of patients included and the 

severityy of this ultrafiltration failure. This suggests the presence of very extensive peritoneal 

morphologicall  alterations that are partly irreversible. It is supported bv the lack of an effect in 

patientss who developed clinical signs of encapsulating peritoneal sclerosis within one vear after 

thee start of the study. Also, the very low dialysate CA-125 appearance rates present at the start of 

glucosee free treatment is supportive of marked mesothelial damage. 

Variouss toxic effects of glucose on peritoneal tissues have been described. Glucose can 

damagee the mesothelial cell layer by direct toxicity. This can occur either by inhibition of 

mesotheliall  cell proliferation, which is concentration-dependent and reversible whit the 

withdrawall  of glucose [24], or by the cytotoxic effect of glucose degradation products [25]. 

Glucosee degradation products (GDPs) are formed during the heat-sterilization process of 

glucose.. These G D Ps are also classified as reactive carbonyl compounds and consist mainly of 

aldehydes.. The acute effects of GDPs on cell function of human peritoneal mesothelial cells 

includee dose-dependent inhibition of cell growth, viability and cytokine release [26]. The most 

biologicallyy active of all G D Ps is 3,4-dideoxyglucosone-3-ene (3,4-DGE) [27]. Diminishing the 

concentrationn of G D Ps by sterilizing the glucose in a very acidic environment, separated from 

thee electrolytes, resulted in less cytotoxicity7 in vitro [28]. A second disadvantage of GDPs is the 

abilityy to trigger a chain of spontaneous non-enzymatic reactions with the amino group in 

peptidess and proteins, referred as the Maillard reaction. The reaction between a carbonyl group 

andd an amino group goes via reversibly formed Schiff s bases, which rearrange to intermediate 

Amadorii  products and may in the end result in the formation of stable carbohydrate cross-links 

betweenn protein, so called advanced glycated end-products (AGEs) [29]. A GE modification 

preferentiallyy occurs in long-lived structural proteins, such as collagen and eye-lens. A GE 

formationn is accelerated in diabetes mellitus and is believed to contribute to diabetic 

complications,, among them nephropathy. High plasma levels of A GE precursors and A G E-

modifiedd proteins are found also in non-diabetic renal failure patients [30]. This state of high 

reactivityy in uremia is referred as "carbonyl stress" and it may be causative as well as a 

consequentiall  factor in the progression of renal disease. Accumulation of AGEs was described in 

peritoneall  biopsies of non-diabetic patients on PD [31,32], which increased with time on PD [32]. 

A G EE formation leads to progressive cross-linking of collagenous tissues, increasing rigidity of 

vesselss and leading to fibrosis [33,34]. AGEs are also considered to have vasoactive effects on 
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endotheliall  cells. They are probably responsible for the neoangiogenesis in patients with diabetic 

complicationss [35]. Most likely they are also able to cause neoangiogenesis in peritoneal tissues. 

Finally,, the exposure to the high glucose concentrations can lead to a state of "pseudohypoxia" in 

thee peritoneum. This leads to an effect on intracellular redox-status, which stimulates the release 

off  growth factors, such as VEGF. VEGF induces neo-angiogenesis [36,37]. With the formation 

off  new vessels, enlargement of the effective vascular surface area occurs. 

nonn PS 
start t 

nonn PS 
66 weeks 

PS S 
66 weeks 

1200 180 240 
ll  1 1 

1200 180 240 

Figuree 3. 
Fluidd profiles for the non-PS patients and the PS patients, at start (left panel) and after 6 weeks 
(rightt panel). Transcapillary ultrafiltration (open circles), net ultrafiltration (closed circles) and 
fluidd absorption (closed squares) are given. A significant increase in transcapillary ultrafiltration 
waswas observed in the non-PS group (p=0.03), but not in the PS patients. 

Severall  solutions have been tested to replace glucose as osmotic agent in peritoneal 

dialysis.. Glycerol is the only osmotic agent that can totally replace glucose. It is a low molecular 

weightt sugar alcohol of 92 Daltons, that is a normal physiological component of plasma. It was 

foundd to be less inhibiting on mesothelial cell proliferation in vitro than for other osmotic agents 

[24,38].. However, an ex vivo study suggested that glycerol-based dialysate inhibited phagocytosis 

off  peritoneal macrophages more than glucose [39]. Long-term use as a dialysis solution showed 
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goodd results in diabetic patients [40,41]. Although it is well tolerated, its use is limited because it 

inducess less ultrafiltration per mOsmol than glucose [42], owing to its greater absorption and 

lowerr reflection coefficient [43]. Another disadvantage is the risk of developing a hyperosmolar 

syndromee in patients with high absorption rates [41]. A second alternative for glucose is the 

glucosee polymer icodextrin. The results of peritoneal tissue exposure to icodextrin-containing 

dialysiss fluids in patients, were equivocal. Some studies showed similar values for mesothelial cell 

masss markers [44,45], whereas another study showed a decrease of CA-125 appearance with the 

usee of icodextrin compared to glucose [46]. Nonetheless, icodextrin contains less glucose 

degradationn products than a 1.36% glucose solution [47]. Icodextrin is iso-osmolar to uremic 

plasma.. It exerts a colloid osmotic pressure over the peritoneal membrane and is onlv absorbed 

too a limited extent. Therefore, its osmotic effect sustains for a long period [48, 49]. Consequently 

icodextrinn is particularly useful for the longer dwells, especially in patients with a large vascular 

surfacee area. The use of icodextrin is limited, however, to once dailv, because of the maltose 

accumulationn in the circulation that results from the absorption of icodextrin. The third 

alternativee for glucose as dialvsis solution is an amino-acid based solution. This consists of a 

combinat ionn of different amino acids, buffered with lactate. The effect on mesothelial cell 

culturess has been found similar to glucose [50]. Ultrafiltration was slightly higher than with a 

1.36%% glucose solution [51], and peritoneal small solute transport was significantlv higher. This 

limit ss the use of the solution: high absorption can give rise to a high nitrogen load. Because none 

off  the solutions discussed above could be used to replace glucose solelv, we used all three of 

themm combined. In the present study patients without peritoneal sclerosis showed 

improvementt of some parameters of transport after the change to the glucose-free regime. The 

decreasee in small solute transport rates can be attributed to a smaller effective peritoneal surface 

area,, probably caused by a reduction in vasoactive effects and neoangiogenesis after glucose was 

abandoned.. This can have been caused by a decrease in occupancy of A GE receptors on 

peritoneall  endothelial cells, or by a direct effect on V E GF levels. The improvement in free water 

transportt could have been the result of newly formed aquaporin-1 or by reversal of glycation or 

nitrosylationn of aquaporin-1, although this is less likely because the process of advanced glycation 

iss irreversible. The fact that the increase in the maximum dip of the D / P sodium was the only 

factorr that showed a persistent improvement after 12 weeks of treatment supports this 

hypothesis.. The increase of the transcapillary ultrafiltration rate is the consequence of both the 

decreasee in solute transport and the improved free water transport. The CA-125 appearance rates 

afterr glucose free treatment, is in accordance with previous results is. I t implies a better 

preservationn of the mesothelial cell layer. The patients who were diagnosed with peritoneal 
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sclerosiss did not show any improvement after the switch to a glucose-free regimen. This suggests 

thatt a "point of no return" had been passed for this group and no advantage of abandoning 

glucosee can be expected. 

Inn conclusion, improvement of peritoneal function is possible in patients with severe 

ultrafiltrationn failure by switching to glucose-free dialysis solutions. When encapsulating 

peritoneall  sclerosis is present, no favorable effects are expected to occur. The limited effects in 

patientss without this condition may be caused by the severity of peritoneal damage. Repeating the 

studyy in patients who are affected less severely is warranted. 

References s 

1.. Heimburger O, Waniewski J, Werynski A, Tranaeus A, Lindholm B. Peritoneal transport 
inn CAPD patients with permanent loss of ultrafiltration capacity. Kidney Int 1990;38:495-
506. . 

2.. Davies SJ, Bryan J, Phillips L, Russell GI. Longitudinal changes in peritoneal kinetics: the 
effectss of peritoneal dialysis and peritonitis. Nephrol Dial Transplant 1996;11:498-506. 

3.. Kawaguchi Y, Hasegawa T, Nakayama M, Kubo H, Shigematu T. Issues affecting the 
longevityy of the continuous peritoneal dialysis therapy. Kidney Int Suppl 1997;62:S105-
107. . 

4.. Smit W, Langedijk M, Schouten N, van den Berg N, Struijk DG, Krediet RT. Analysis of 
thee prevalence and causes of ultrafiltration failure in long-term peritoneal dialysis: a cross 
sectionall  study. Perit Dial Int 2003, in press. 

5.. Struijk DG, Krediet RT, Koomen GC, Hoek FJ, Boeschoten EW, vd Reijden HJ, et al. 
Functionall  characteristics of the peritoneal membrane in long-term continuous 
ambulatoryy peritoneal dialysis. Nephron 1991;59:213-220. 

6.. Lo WK, Brendolan A, Prowant BF, Moore HL, Khanna R, Twardowski ZJ, et al. 
Changess in the peritoneal equilibration test in selected chronic peritoneal dialysis patients. 
JJ Am Soc Nephrol 1994;4:1466-1474. 

7.. Heimburger O, Wang T, Lindholm B. Alterations in water and solute transport with time 
onn peritoneal dialysis. Perit Dial Int 1999;19:S83-90. 

8.. Monquil MC, Imholz AL, Struijk DG, Krediet RT. Does impaired transcellular water 
transportt contribute to net ultrafiltration failure during CAPD? Perit Dial Int 1995;15:42-
48. . 

9.. Ho-dac-Pannekeet MM, Atasever B, Struijk DG, Krediet RT. Analysis of ultrafiltration 
failuree in peritoneal dialysis patients by means of standard peritoneal permeability analysis. 
Peritt Dial Int 1997;17:144-150. 

10.. Di Paolo N, Sacchi G. Peritoneal vascular changes in continuous ambulator)' peritoneal 
dialysiss (CAPD): an in vivo model for the study of diabetic microangiopathy. Perit Dial 
Intt 1989;9:41-45. 

11.. Honda K, Miyahara Y, Yumura W, H. N. Morphological changes in the peritoneal 
vasculaturee of patients on CAPD with ultrafiltration failure. Nephron 1996;72:171-176. 

12.. Williams JD, Craig KJ, Topley N, Von Ruhland C, Fallon M, Newman GR, et al. 
Morphologicc changes in the peritoneal membrane of patients with renal disease. J Am 
Socc Nephrol 2002;13:470-479. 

171 1 



13.. Mateijsen MA, van der Wal AC, Hendriks PM, Zweers MM, Krediet R, T. Vascular and 
interstitiall  changes in the peritoneum of CAPD patients with peritoneal sclerosis. Perit 
Diall  Int 1999;19:517-525. 

14.. Pannekeet MM, Koomen GC, Struijk DG, Krediet RT. Dialysate CA125 in stable CAPD 
patients:: no relation with transport parameters. Clin Nephrol 1995;44:248-254. 

15.. Visser CE, Brouwer-Steenbergen JJ, Betjes MG, Koomen GC, Beelen RH, Krediet RT. 
Cancerr antigen 125: a bulk marker for the mesothelial mass in stable peritoneal dialysis 
patients.. Nephrol Dial Transplant 1995;10:64-69. 

16.. Pannekeet MM, Imholz AL, Struijk DG, Koomen GC, Langedijk MJ, Schouten N, et al. 
Thee standard peritoneal permeability analysis: a tool for the assessment of peritoneal 
permeabilityy characteristics in CAPD patients. Kidney Int 1995;48:866-875. 

17.. Renck H, Ljungstrom KG, Hedin H, Richter W. Prevention of dextran-induced 
anaphylacticc reactions by hapten inhibition. III . A Scandinavian multicenter study on the 
effectss of 20 ml dextran 1, 15%, administered before dextran 70 or dextran 40. Acta Chir 
Scandd 1983;149:355-360. 

18.. Koomen GC, Krediet RT, Leegwater AC, Struijk DG, Arisz L, Hoek FJ. A fast reliable 
methodd for the measurement of intraperitoneal dextran 70, used to calculate lymphatic 
absorption.. Adv Perit Dial 1991;7:10-14. 

19.. Koomen GC, Betjes MG, Zemel D, Krediet RT, Hoek Fj. Cancer antigen 125 is locally 
producedd in the peritoneal cavity during continuous ambulatorv peritoneal dialysis. Perit 
Diall  Int 1994; 14:132-136. 

20.. Krediet RT, Struijk DG, Koomen GC, Arisz L. Peritoneal fluid kinetics during CAPD 
measuredd with intraperitoneal dextran 70. ASAIO Trans 1991;37:662-667. 

21.. Zweers MM, Imholz AL, Struijk DG, Krediet RT. Correction of sodium sieving for 
diffusionn from the circulation. Adv Perit Dial 1999;15:65-72. 

22.. Waniewski J, Heimburger O, Werynski A, Lindholm B. Osmotic conductance of the 
peritoneumm in CAPD patients with permanent loss of ultrafiltration capacity. Perit Dial 
Intt 1996;16:488-496. 

23.. Waniewski J, Heimburger O, Werynski A, Lindholm B. Simple models for fluid transport 
duringg peritoneal dialysis. Int J Artif Organs 1996;19:455-466. 

24.. Breborowicz A, Rodela H, Oreopoulos DG. Toxicity of osmotic solutes on human 
mesotheliall  cells in vitro. Kidney Int 1992;41:1280-1285. 

25.. Wieslander A, Linden T, Kjellstrand P. Glucose degradation products in peritoneal 
dialysiss fluids: how they can be avoided. Perit Dial lnt 2001;21:S119-24. 

26.. Witowski j , Korybalska K, Wisniewska J, Breborowicz A, Gahl GM, Frei U, et al. Effect 
off  glucose degradation products on human peritoneal mesothelial cell function. J Am Soc 
Nephroll  2000;11:729-739. 

27.. Linden T, Cohen A, Deppisch R, Kjellstrand P, Wieslander A. 3,4-Dideoxyglucosone-3-
enee (3,4-DGE): a cytotoxic glucose degradation product in fluids for peritoneal dialysis. 
Kidneyy lnt 2002;62:697-703. 

28.. Wieslander AP, Deppisch R, Svensson E, Forsback G, Speidel R, Rippe B. In vitro 
biocompatibilityy of a heat-sterilized, low-toxic, and less acidic fluid for peritoneal dialysis. 
Peritt Dial lnt 1995;15:158-164. 

29.. Brownlee M, Cerami A, Vlassara H. Advanced glycosylation end products in tissue and 
thee biochemical basis of diabetic complications. N Engl J Med 1988;318:1315-1321. 

30.. Miyata T, van Ypersele de Strihou C, Kurokawa K, Baynes JW. Alterations in 
nonenzymaticc biochemistry in uremia: origin and significance of "carbonyl stress" in long-
termm uremic complications. Kidney lnt 1999;55:389-399. 

31.. Yamada K, Miyahara Y, Hamaguchi K, Nakayama M, Nakano H, Nozaki O, et al. 
Immunohistochemicall  study of human advanced glycosylation end-products (AGE) in 
chronicc renal failure. Clin Nephrol 1994;42:354-361. 



32.. Nakayama M, Kawaguchi Y, Yamada K, Hasegawa T, Takazoe K, Katoh N, et al. 
Immunohistochemicall  detection of advanced giycosylation end-products in the 
peritoneumm and its possible pathophysiological role in CAPD. Kidney Int 1997;51:182-
186. . 

33.. Makita Z, Vlassara H, Rayfield E, Cartwright K, Friedman E, Rodby R, et al. 
Hemoglobin-AGE:: a circulating marker of advanced giycosylation. Science 1992;258:651-
653. . 

34.. Korbet SM, Makita Z, Firanek CA, Vlassara H. Advanced giycosylation end products in 
continuouss ambulator}' peritoneal dialysis patients. Am J Kidney Dis 1993;22:588-591. 

35.. Esposito C, Liu ZH, Striker GE, Phillips C, Chen NY, Chen WY, et al. Inhibition of 
diabeticc nephropathy by a GH antagonist: a molecular analysis. Kidney Int 1996;50:506-
514. . 

36.. Williamson JR, Chang K, Frangos M, Hasan KS, Ido Y, Kawamura T, et al. 
Hyperglycemicc pseudohypoxia and diabetic complications. Diabetes 1993;42:801-813. 

37.. Chiarelli F, Santilli F, Mohn A. Role of growth factors in the development of diabetic 
complications.. Horm Res 2000;53:53-67. 

38.. Witowski J, Knapowski J. Glycerol toxicity for human peritoneal mesothelial cells in 
culture:: comparison with glucose. Int J Arti f Organs 1994;17:252-260. 

39.. de Fijter CW, Verbrugh HA, Oe PL, Peters ED, van der Meulen J, Donker AJ, et al. The 
effectt of glycerol-containing peritoneal dialysis fluid on peritoneal macrophage function 
inn vivo. Adv Pent Dial 1991;7:154-157. 

40.. Heaton A, Ward MK, Johnston DG, Alberti KG, Kerr DN. Evaluation of glycerol as an 
osmoticc agent for continuous ambulatory peritoneal dialysis in end-stage renal failure. 
Clinn Sci (Colch) 1986;70:23-29. 

41.. Matthys E, Dolkart R, N. L. Potential hazards of glycerol-based dialysate in diabetic 
CAPDD patients. Perk Dial Bull 1987;7:10-15. 

42.. Daniels FH, Leonard EF, Cortell S. Glucose and glycerol compared as osmotic agents for 
peritoneall  dialysis. Kidney Int 1984;25:20-25. 

43.. Smit W, de Waart DR, Struijk DG, Krediet RT. Peritoneal transport characteristics with 
glycerol-basedd dialysate in peritoneal dialysis. Perit Dial Int 2000;20:557-565. 

44.. Ho-dac-Pannekeet MM, Hiralall JK, Struijk DG, Krediet RT. Longitudinal follow-up of 
CA1255 in peritoneal effluent. Kidney Int 1997;51:888-893. 

45.. Posthuma N, Verbrugh HA, Donker AJ, van Dorp W, Dekker HA, Peers EM, et al. 
Peritoneall  kinetics and mesothelial markers in CCPD using icodextrin for daytime dwell 
forr two years. Perit Dial Int 2000;20:174-180. 

46.. Posthuma N, ter Wee PM, Donker AJ, Oe PL, Peers EM, Verbrugh HA. Assessment of 
thee effectiveness, safety, and biocompatibility of icodextrin in automated peritoneal 
dialysis.. The Dextrin in APD in Amsterdam (DIANA ) Group. Perit Dial Int 
2000;20:S106-113. . 

47.. de Waart DR, Zweers MM, Struijk DG, Krediet RT. Icodextrin degradation products in 
spentt dialysate of CAPD patients and the rat, and its relation with dialysate osmolality. 
Peritt Dial Int 2001;21:269-274. 

48.. Mistry CD, Mallick NP, Gokal R. Ultrafiltration with an isosmotic solution during long 
peritoneall  dialysis exchanges. Lancet 1987;2:178-182. 

49.. Ho-dac-Pannekeet MM, Schouten N, Langendijk MJ, Hiralall JK, de Waart DR, Struijk 
DG,, et al. Peritoneal transport characteristics with glucose polymer based dialysate. 
Kidneyy Int 1996;50:979-986. 

50.. Brulez HF, Heezius EC, de Fijter CW, Oe LP, Verhoef J, Verbrugh HA. In vitro 
compatibilityy of a 1.1% amino acid containing peritoneal dialysis fluid with phagocyte 
function.. Adv Perit Dial 1994;10:241-244. 

173 3 



51.. Douma CE, de Waart DR, Struijk DG, Krediet RT. Effect of amino acid based dialysate 
onn peritoneal blood flow and permeability in stable CAPD patients: a potential role for 
nitricc oxide? Clin Nephrol 1996;45:295-302. 

174 4 



ChapterChapter 11 

Generall  Discussion 



I nn this thesis various aspects of peritoneal water transport have been described. The 

investigationss were done in patients, using standardized peritoneal permeability analyses. The 

experimentss were performed during different conditions in peritoneal dialysis. The issues on 

peritoneall  water transport that are discussed include (1) the pathways for water transport, (2) the 

assessmentt of free water transport, (3) the influence of the dialysis solution on wrater transport 

andd (4) condit ions that can cause impaired water transport. Finally, possible future investigations 

aree indicated. 

Pathwayss for  water  transport 

Waterr transport from the circulation to the peritoneal cavitv takes place through the different 

poress in the peritoneal membrane. Transport through the large pores depends on hydrostatic 

forces,, mostly influenced bv the intraperitoneal pressure, which can van' owing to stature. 

Becausee of the small number of these pores, their contribution is quantitatively low. Fluid 

transportt through the small pore system is mainly dependent on hydrostatic and osmotic forces. 

Colloidd osmotic pressure is created by the albumin concentration of plasma and by the colloid 

osmoticc pressure of the dialvsis solution, in case a polyglucose solution is used. Other dialysis 

solutionss create a crystalloid osmotic pressure gradient. However, due to the small size of these 

solutes,, thev wil l easily pass through the small pores. Therefore, a third set of pores has been 

postulated,, impermeable to solutes, but very sensible to crystalloid osmotic forces; the "water-

only""  transcellular pathway [1]. These pores have been identified as aquaporin-1 and can be 

demonstratedd in peritoneal tissues, especially in the endothelial cells of peritoneal capillaries and 

venuless [2,3]. Aquaporin-1 is a tetramer within the plasmalemmal membrane, which consists of 4 

subunits.. The functional properties of all subunits are unknown. Studies in which aquaporin-1 

wass blocked with mercury-chloride, indeed showed that net ultrafiltration decreased significantly. 

Thiss was assumed to be caused by a decrease in free water transport [3]. 

T h ee assessment of free water  transport 

Sincee free water transport is assumed to account for about 50% of transcapillary ultrafiltration, 

whenn a hyperosmolar solution is used, different methods have been applied to quantify the 

amountt of free water transported during a standardized dwell. Among these, is the measurement 

off  the difference in net ultrafiltration between a 3.86% and a 1.36% glucose solution. This 

method,, however, requires two permeability tests, which are both subject to variation, and is very 

timetime consuming for patients. Therefore, the determination of the sieving of sodium is currently 

thee one most often used. 

176 6 



Thiss "sieving of sodium" is a phenomenon in which a marked dip in dialysate sodium 

concentrationn occurs in the first phase of a dwell. The magnitude of the dip can be used as an 

estimationn of the amount of free water transport. High transport rates can influence the 

magnitudee of the dip, caused by relatively high sodium diffusion rates, and consequently lead to 

ann underestimation of free water transport. Therefore a method has been developed to correct 

forr sodium diffusion [4]. In this method the MTAC of urate was assumed to equal that of 

sodium.. In this way the amount of sodium transport due to diffusion only could be calculated. 

Thiss could than be subtracted from the measured dialysate sodium concentration, resulting in the 

actuall  sodium sieving. 

Sodiumm sieving is investigated with a hyperosmolar solution, because then the highest 

osmoticc gradient is present. The committee on ultrafiltration failure of the ISPD, therefore, 

advisedd to perform peritoneal function tests with a 3.86% glucose solution [5]. However, until 

recentlyy these function tests were generally performed with a 2.27% glucose solution (PET) or a 

1.36%% glucose solution (SPA). As a result, no reference value of this parameter was available. To 

determinee normal values, we analyzed 154 standard peritoneal permeability analyses, using a 

3.86%% glucose solution. We calculated normal values for all transport characteristics, including 

thee maximum dip in D /P sodium, after correction for diffusion of sodium from the circulation 

too the dialysate (chapter 3). In this way the function of aquaporin-1, assumed to be responsible 

forr free water transport, can be assessed in the follow-up of patients and impaired free water 

transportt as a cause of ultrafiltration failure can be analyzed. 

Unfortunately,, the method of correction for sodium diffusion requires a lot of parameters 

thatt are not routinely measured in a standard PET. These include plasma and dialysate urate 

concentrationss at several time points and fluid kinetics, obtained with intraperitoneally 

administeredd dextran 70 as a volume marker. Consequently, it was not easy to use in general 

practice.. We therefore developed a method to correct for sodium diffusion, applicable in a PET 

(chapterr 4). The parameters used were plasma and dialysate concentrations of sodium and 

creatininee at time point 0 and 240 minutes and the instilled and drained volume, which are 

normallyy obtained in a PET. This method was compared to the reference method of Zweers et a/. 

[4]]  and appeared to be very accurate, as concluded from high correlation coefficients with the 

referencee method. At this moment, a possibility is available to assess free water transport in the 

widelyy applied PET more precisely than would have been possible by just using the lowest D /P 

sodium,, irrespective of diffusion rates. 

Becausee most methods to estimate free water transport are indirect, and therefore 

susceptiblee to errors, a method was developed to quantify the volume of free water transport. 
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Thee calculation was based on a method, described in an abstract by La Mili a ei a/, where sodium 

transportt through the small pores was calculated and subtracted from the total drained volume, 

inn a peritoneal equilibration test of 60 minutes duration (the fast-fast PET) [6]. Our more 

sophisticatedd standardized peritoneal permeability analysis (SPA) enabled us to expand this 

methodd and calculate free water transport at even' time point during a dwell. In this way the 

volumee of free water transport in the first minute could be calculated. As described in chapter 5, 

itt appeared that mean values for free water transport, obtained by us and values obtained by 

computerr simulations by Rippe et ai |1] were ven' similar. Also other indirect methods to assess 

freee water transport were compared to our method. The difference in net UF between a 3.86% 

andd a 1.36% glucose solution showed a weak correlation with our quantified method. Much 

strongerr was the correlation with the sieving of sodium, after correction for sodium diffusion. 

However,, both methods include the same mathematical parameter, that is the dialysate sodium 

concentrat ion. . 

Thee results of these studies indicate that for the routine measurement of free water 

transportt the sieving of sodium at the end of a 240 minutes dwell can be used, using the drained 

volume,, the plasma and dialysate sodium concentrations and the MTA C creatinine to correct for 

sodiumm diffusion. For scientific purposes the calculation of the transported volume of free water 

cann be applied, using the amount of sodium transported through the small pores at any given 

t imee point and subtracting this from the total transcapillan' ultrafiltration (TCUF) at those time 

points. . 

T h ee inf luence of the dialysis solution on water  transport 

Thee amount of transcapillary ultrafiltration (TCUF) is ven' much dependent on the kind of 

dialysiss solution used. As glucose solutions create a crystalloid osmotic pressure, the highest 

availablee glucose concentration, wil l yield the highest osmotic pressure gradient. Consequently, 

freee water transport wil l be higher than when a lower glucose concentration is used, assuming 

thatt the function of aquaporin-1 is intact. Theoretically, the difference in net drained volume 

betweenn a glucose solution with the highest concentration (3.86%) and that with the lowest 

concentrat ionn (1.36%) wil l totally depend on the amount of free water transport. Patients with 

no,, or a very low, difference in net drained volume must therefore have low sodium sieving. 

Indeed,, this was found and described in chapter 2, where a significant correlation was observed 

betweenn the magnitude of the dip in D / P sodium, especially after a correction for sodium 

diffusionn was made, and the difference in net drained volume. This correlation was still present, 
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butt weaker when the difference in net drained volume was plotted against the percentage of free 

waterr transport, contributing to total TCUF, as described in chapter 5. 

Thee total TCUF is expected to be higher when a hyperosmolar solution is used. 

However,, in comparisons made between glucose and glycerol, the ultrafiltration obtained with 

glyceroll  was lower, despite the slighdy higher osmolality of the glycerol solutions used in several 

studiess [7-9]. Therefore it seemed likely that another factor might be involved. According to Van 

'tt Hoff s law, the osmotic pressure gradient is formed by the reflection coefficient a, the product 

off  the gas constant R and the absolute temperature (RT), and the AC, the concentration gradient 

off  a solute in blood and dialysate. Since RT and AC are known, and could not explain the 

differencess in net ultrafiltration, the O of glycerol must have been lower than that of glucose. The 

reflectionn coefficient of a solute is 0 when a membrane is freely permeable to that solute, and 1 

whenn its transport through the membrane is totally reflected. For glucose the reflection 

coefficientt was found to average 0.03 by Imholz et al. [10]. We compared the transport 

characteristicss of a 1.4% glycerol solution to those of a 1.36% glucose solutions in order to 

calculatee the reflection coefficient of glycerol. Indeed, we found a lower value for the reflection 

coefficientt of glycerol 1.4% than for glucose 1.36% (chapter 9). However, since the osmolality of 

thee glycerol solution used in this study was higher (410 mosmol/kg H20), than that of the 

glucosee solution used (347 mosmol/kg H20), a marked dip in D /P sodium was observed in the 

firstt hour of the dwell with glycerol. This could be ascribed to uncoupled water transport through 

thee ultra small pores. It implies that, despite the lower refection coefficient, the effect of glycerol 

ass osmotic agent is more dependent on intact aquaporin-mediated water transport than that of 

glucose. . 

Peritoneall  transport obtained with a glucose polymer solution is dependent on the 

colloidd osmotic pressure. Therefore the amount of small pores available for transport determines 

thee amount of ultrafiltration. Since a 7.5% icodextrin polyglucose solution is iso-osmolar to 

plasma,, no free water transport is expected to occur. According to this, the difference between 

thee ultrafiltration coefficients of glucose 3.86% (water transport through small- and ultra small 

pores)) and icodextrin 7.5% (water transport through small pores only) was used to estimate the 

contributionn of free water transport to total TCUF [11]. A mean value of 51 % was obtained, 

whichh showed good correlation with our quantified method, applied on the same patient data, as 

describedd in chapter 5. 

Amino-acidd solutions are hyperosmolar to plasma (365 mosmol/kg H,0) and have 

higherr TCUF, when compared to 1.36% glucose (347 mosmol/kg H,0). This difference could 

nott just be explained by the difference in osmotic pressure gradient, since the reflection 
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coefficientt of an amino-acid solution appeared to be lower than that of glucose. This vielded a 

differencee in the estimated osmotic pressure gradient of only 6 m m Hg [12]. Therefore, it is more 

likelyy that the greater fluid transport with amino acids is the result of increased peritoneal blood 

flow,, rather than augmented free water transport. 

Summarizing,, the results of our studies on the influence of the dialysis solution on free 

waterr transport, indicate that it mainly depends on the osmotic pressure gradient at the beginning 

off  the dwell. The osmotic pressure gradient depends on the solution used and on the reflection 

coefficientt of that solution. 

Condi t ion ss that can give impaired peritoneal water  transport 

Overhydrat ionn in peritoneal dialysis (PD) patients can be caused by a variety of reasons, like an 

excessivee fluid intake, loss of residual renal function, incompliance, catheter problems, peritoneal 

leakagess or ultrafiltration failure of the peritoneal membrane. In this thesis we focused on 

peritoneall  membrane failure. Although several clinical definitions have been suggested, 

ultrafiltrationn failure is now defined as a net drained volume of less than 400 mL, when a 3.86% 

glucosee solution is used in a 4 hours exchange [5]. This cut-off point was chosen because in 

previouss studies it was found that net ultrafiltration of less than 400 mL after a 4 hours 3.86% 

glucosee dwell was always associated with clinical manifestations of ultrafiltration failure [5, 13]. 

Thee presence of a large peritoneal vascular surface area, characterized bv high mass 

transferr area coefficients (MTAC) or dialysate-to-plasma ratio's (D /P) of creatinine is the major 

causee of ultrafiltration failure. I t leads to high absorption rates of low molecular weight osmotic 

agents,, and therefore to a rapid disappearance of the osmotic gradient. A large peritoneal vascular 

surfacee area can be anatomic, owing to neoangiogenesis, or functional, when more peritoneal 

microvesselss are perfused. Furthermore, a decreased free water transport can cause ultrafiltration 

failure,, as well as a high lymphatic absorption rate. As a very rare cause of ultrafiltration failure a 

smalll  effective peritoneal vascular surface area has been described. 

ho fig-fermho fig-ferm peritoneal dialysis 

Ultrafiltrationn failure can occur at any stage of peritoneal dialysis, but it is especially important in 

long-termm PD. In the cross-sectional study described in chapter 3, ultrafiltration failure was 

presentt in 34% of the examined patients. This high percentage was mainlv due to the fact that 

ourr dialysis department is especially interested in ultrafiltration problems, and therefore some 

patientss were referred to us for that reason. The patients with ultrafiltration failure appeared to be 

treatedd with PD for a longer duration than those without ultrafiltration failure. This finding was 
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alsoo established in a European multicenter study, where patients with definite ultrafiltration 

failure,, showed a tendency to be treated longer (51 months) than patients without ultrafiltration 

failuree (26 months) [14]. The results of the multicenter study described in chapter 8, performed in 

patientss treated with PD for more than 4 years, showed a prevalence of ultrafiltration failure of 

36%.. In these long-term patients with ultrafiltration failure, usually more than one causative 

factorr was present. Most patients had large effective vascular surface areas, either in combination 

withh decreased free water transport or with increased lymphatic absorption. The presence of an 

enlargedd vascular surface area has been described in long-term patients [15,16]. This fits very well 

withh the increased number of peritoneal vessels, observed in long-term PD patients [17,18]. A 

rolee for the long-term exposure to glucose containing dialysis solutions as a major pathogenetic 

factorr in these alterations seems likely. First, because of the observation by Davies et al. that in 

patientss an increase in solute transport with time, was preceded by increased peritoneal exposure 

too hypertonic glucose [19]. This was confirmed in our study in long-term patients, where the 

patientss with ultrafiltration failure had higher glucose exposure and higher transport rates. Of 

coursee the question about the chicken and the egg arises. In the study of Davies patients with 

highh D /P creatinine had higher glucose exposure already in the first year of PD, owing to a lower 

residuall  GFR. Glucose, or glucose degradation products can lead to neoangiogenesis, either 

causedd by the formation of advanced glycation end-products, that stimulate the production of 

VEGFF [20] or by stimulation of VEGF production by oxidative stress [21]. In previous studies, 

locall  production of VEGF in the peritoneal cavity was positively correlated with MTAC 

creatininee and negatively correlated with net ultrafiltration. In addition, the local production of 

VEGFF increased with the duration of PD treatment [22]. No relation, however, was found 

betweenn the magnitude of the increase in the local production of VEGF and the initial value at 

thee start. Also, no differences were found in serum and locally produced dialysate values for 

VEGFF in diabetic and non-diabetic patients starting with PD, as described in chapter 6. This 

suggestss individual susceptibility, for instance caused by polymorphisms in different growth 

factors.. In diabetic retinopathy such a polymorphism has been described for PAI-1 [23]. This 

mayy be an interesting subject for further investigations. 

Thee role of impaired free water transport in ultrafiltration failure has been doubted by 

somee investigators. It was considered to be just a result of the overall lower net UF, caused by 

rapidd absorption of the osmotic agent in the case of high transport rates. We found several 

argumentss that impaired free water transport is an entity by itself. First, we found decreased 

sodiumm sieving in the long-term patients with ultrafiltration failure, despite a normal MTAC of 

creatinine.. These patients tended to be treated with PD for a longer period. This has also been 
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describedd by Monquil et al., some years ago [24]. Second, in chapter 7, groups were matched for 

MTA CC creatinine; it appeared that patients in the first months of peritoneal dialysis had a normal 

sievingg of sodium, compared to a decreased sieving of sodium, that was found in long-term 

patients.. This implies that impaired free water transport is a contributing factor in ultrafiltration 

failure,, and that it is probably more important in long-term PD patients. 

Thee impaired free water transport, which was found in about 6 5% of the long-term 

patientss with ultrafiltration failure in chapter 8, is likely to be caused by either a lower number of 

aquaporin-11 in the peritoneal membrane, or by a functional impairment of aquaporin-1. The 

latterr is probably more likely, because Goffin et al. found normal expression of aquaporin-1 in a 

long-termm PD patient writh severe ultrafiltration failure [25]. However, a relationship between the 

expressionn of aquaporin-1 and the sieving of sodium has recentlv been reported in a cross-

sectionall  analysis of peritoneal biopsies |26]. The reason for impaired aquaporin-1 function is still 

speculative.. Glvcation of the aquaporins is a possibility, but also a role for oxidative stress has 

beenn postulated, with oxidant mediated protein changes [27] or nitrosylation, resulting in altered 

function.. Whether this altered function is reversible is uncertain. In chapter 10, patients with 

ultrafiltrationn failure were treated with a glucose-free dialvsis regime. This resulted in a tendencv 

too increased free water transport, but the differences were not statistically significant. Other 

strategiess to improve free water transport have been suggested, like the administration of 

corticosteroids,, which are considered to induce aquaporin-1 expression [28]. 

Peritonitis Peritonitis 

Ultrafiltrationn failure can be present in case of acute CAPD peritonitis. Augmented solute 

transportt is then caused bv inflammation-induced vasodilatation and an increased number of 

perfusedd capillaries. Therefore, the osmotic gradient decreases rapidly and net UF is lower. In 

peritonitiss no permanent structural changes are present and the changes in peritoneal small solute 

transportt are reversible. Therefore, no functional alterations for aquaporin-1 were expected to be 

presentt during peritonitis. This wTas confirmed in chapter 7, in which patients with acute CAPD 

peritonitiss were compared to long-term patients and to patients in the first months of PD 

treatmentt with similar transport rates. As expected, long-term patients had significantly lower 

sodiumm sieving than the patients with peritonitis or the patients who recently started PD. In 

addit ion,, fluid profiles of the peritonitis patients and the recently started patients showed a steep 

risee in intraperitoneal fluid in the first phase of the dwell, together with a significandy higher 

transcapillaryy ultrafiltration in the first minute of the dwell, than the long-term patients. This 

indicatess an intact function of aquaporin-1, which depends on a high osmotic gradient present in 
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thee first phase of an exchange. However, lower sodium sieving in rats with peritonitis has been 

describedd by Combet et a/. [29]. The difference with our results is most likely explained by the 

correctionn for sodium diffusion that was made in our study. High diffusion rates during acute 

peritonitiss otherwise would have caused blunting of the D/P sodium ratio due to rapid transport 

off  sodium from the circulation to the dialysate. 

RoleRole of diabetes 

Thee indication that long-term exposure to glucose-containing dialysis solutions played an 

importantt role in the pathogenesis of transport alterations in PD, instigated the question whether 

thesee alterations were already present in diabetic patients, at the start of PD. Several studies 

reportedd higher solute transport rates in diabetics [30-32]. These studies, however, were cross-

sectional,, implying that the patients were treated for a diverse duration of time. A study in 

patientss starting with PD showed no difference in solute transport, but a slightly lower 

transcapillaryy ultrafiltration (TCUF) in diabetics was observed [33]. It was postulated that a 

decreasedd free water transport was the cause of this lower TCUF. In experimentally induced 

diabetess mellitus in rats, higher solute transport and lower sieving of sodium was reported [34]. 

Inn our study, described in chapter 6, no differences in transport parameters were found in 

diabetics,, compared to non-diabetics in the first 4 months of PD. A possible role for uremia was 

postulated,, because uremia itself can enhance the formation of advanced glycation end-products 

[35],, which are considered to play a major role in the alterations of the peritoneal membrane. 

Anotherr reason for the difference between the rat-study and our study could have been the 

durationn of diabetes and the glycemic control that is better in patients than in experimental 

animals. . 

Inn summary, the clinically most important condition that can give impaired water transport is a 

longg duration of peritoneal dialysis. In this situation structural membrane alterations, like 

neovascularization,, cause increased transport of small solutes and consequently, lower net UF. 

Thee concomitant decreased free water transport is probably caused by a functional alteration of 

aquaporin-1.. Secondly, peritonitis can transiently influence ultrafiltration by enhanced solute 

transport,, but not by decreased free water transport. In addition, it seems unlikely that diabetes 

mellituss in humans is responsible for decreased (free) water transport. 
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Futur ee investigations 

Focuss for further studies ma}' involve 

1.. Further studies on free water transport. For instance, following from the description 

too correct for sodium sieving in a standard 4-hour PET, reference values for this 

methodd should be assessed. Another possibility is to evaluate free water transport in 

time.. In this way a longitudinal follow-up of the sieving of sodium can give 

informationn on the importance of the duration of PD on the contribution of free 

waterr transport to total transcapillary ultrafiltration. Furthermore, influences of 

variouss dialysis solutions on this development can be investigated in longitudinal 

studiess in patients starting with peritoneal dialysis, comparing the conventional 

glucosee containing solutions and newer, more biocompatible solutions. 

2.. Studies on improving free water transport are of great interest. In our study in 

patientss with severe ultrafiltration failure, a tendency to improved water transport was 

observed,, that sustained even after 12 weeks. It would be interesting to expand the 

studyy period in patients with less severe ultrafiltration failure. Since some reports 

statedd that corticosteroids possibly improve aquaporin-1 expression, admission of 

corticosteroidss in patients with ultrafiltration failure, owing to impaired free water 

transport,, seems a logical step. However, dose-finding studies and the best wav of 

admissionn should be tested in animals first. 

3.. Studies on polymorphisms of growth factors (PAI-1, VEGF) is another subject of 

interest.. When it would be possible to identify a patient group that would have a 

greaterr risk to develop ultrafiltration failure, for instance because of rapid 

neovascularization,, this could lead to other choices at the beginning of dialysis. 
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ChapterChapter 12 

Summary y 



Summary y 

Sufficientt water removal is essential for the success of peritoneal dialysis. Several changes can 

occurr in the course of P D, which can all influence net ultrafiltration in their own wav. In the 

presentt thesis, various aspects of peritoneal water transport have been described. 

Peritoneall  water transport was assessed using different methods. Normal values were 

assessedd in the currendv advised peritoneal function test, using 3.86% glucose dialvsate. Also the 

differencess in peritoneal water transport under different conditions of peritoneal dialysis are 

described.. The acute effects on peritoneal water transport of glycerol as an alternative dialysis 

solutionn were also evaluated. In addition, in an intervention study, the effects of a glucose free 

regimee on peritoneal transport parameters in patients with severe ultrafiltration failure were 

investigated. . 

A nn overview of our current knowledge on peritoneal transport of water and solutes has been 

presentedd in chapter  1, the General Introduction. Special emphasis was placed on the different 

methodss to assess tree water transport and on the alterations that occur in peritoneal 

morphologyy and function in long-term peritoneal dialysis. 

Inn chapter  2, the peritoneal permeability characteristics of two glucose solutions, 1.36% 

andd 3.86%, were compared with respect to fluid kinetics and solute transport. We aimed to assess 

whetherr the extra information on aquaporin-mediated water transport, obtained using the dialysis 

solutionn with the higher osmolality, would lead to problems interpreting the outcomes of the test 

usuallyy performed with 1.36% glucose (SPA) or 2.27% glucose (PET). We chose to compare the 

solutionss with lowest and highest osmolality that are commercially available, assuming that if a 

1.36%% glucose solution (highest diffusion/convection ratio) yielded the same transport 

parameterss as a 3.86% solution (lowest diffusion/convection ratio), then the results would not be 

differentt for a 2.27%) glucose solution. Both tests gave similar transport parameters for D / P and 

MTA CC creatinine and protein clearances. Values for net UF were higher for the 3.86% glucose 

test,, as was expected. The sieving of sodium showed a correlation with the difference in net 

drainedd volume for the 3.86% and the 1.36% glucose solution, indicating that both measure free 

waterr transport. I t was concluded that in the follow-up of peritoneal dialysis patients, a 4-hour 

P ETT or SPA test, performed with 3.86% glucose is the test of choice. It gave essential additional 

informationn on aquaporin-mediated water transport, without losing or blurring information on 

smalll  solute transport parameters, derived from previously performed peritoneal function tests. 

I nn chapter  3, normal values haye been presented for peritoneal function tests, using a 

3.86%% glucose solution. These were obtained in a transversal study in a large group of PD 
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patients.. The reference values were obtained using two different approaches. First, patients with 

ultrafiltrationn failure (UFF) were excluded, defined as net UF < 400 m L /4 hrs during the 3.86% 

glucosee dwell. This was done because UFF was considered to be abnormal and could have been 

thee result of structural alterations. With the second approach to assess normal values, only the 

patientss treated with PD for less than 2 years were examined. The assumption was made that low 

nett ultrafiltration values were a cont inuum of the normal range, especially in patients who are 

unlikelyy to have already developed long-term structural peritoneal changes. For both approaches 

meanss and 9 5% confidence intervals for the P ET and SPA parameters were obtained. 

Furthermore,, a categorization into the different transport groups was made. In addition, an 

analysiss of the reasons for ultrafiltration in a group of 53 patients was performed. 

Chapterr  4 describes a method to apply a correction for sodium diffusion in a standard 

PET.. This was necessary, because in a situation of high diffusion rates, lack of correction could 

leadd to a false assumption of impaired free water transport. However, the correction method of 

Zweerss et al., as applied until now, uses intraperitoneal volumes at different time-points, that can 

onlyy be obtained when a volume marker is used. MTA C of urate is used because it is similar to 

MTA CC sodium and can therefore be used to calculate the amount of sodium in the dialysate 

owingg to diffusion. I t was investigated whether a diffusion correction model that uses P ET data 

only,, would be as accurate in estimating sodium sieving as the more complex method developed 

byy Zweers et al. In the investigated method the drained volume after 4 hours was used, as well as 

thee dialysate and plasma concentrations of creatinine and sodium. The results of the study 

showedd a good correlation between the two methods for correcting sodium sieving for diffusion. 

Thee PET correction model overestimated the true dialysate sodium only to a negligible extend. 

Thee slight overestimation was probably caused by the use of the MTA C creatinine, which is 

higherr than that of sodium and urate. The clinical importance of this slight overestimation was 

consideredd negligible. 

Chapterr  5 describes a method to quantify free water transport in one single 3.86% glucose 

dwell.. This method uses the fluid kinetics, obtained when a volume marker is added to the 

dialysate.. At different time points intraperitoneal volume and sodium concentration were 

assessed,, to make it possible to calculate total sodium transport. By subtracting this transport 

(whichh must have occurred through the small pores) from the total fluid transport, free water 

transportt through the ultra small pores remained (because sodium can not pass through these 

pores).. These results were compared with other methods to estimate free water transport. No 

significantt correlation was observed between this method and the difference in net UF between a 

3.86%% and a 1.36% glucose dwell. A good correlation was present between this method and the 
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sievingg of sodium. Furthermore, a good correlation was present, comparing this method with a 

methodd that estimates free water transport by comparing the peritoneal ultrafiltration coefficients 

off  a 3.86% glucose dwell (free water transport and small pore transport) and of a 7.5% icodextrin 

solutionn (small pore transport only). 

I nn chapter  6 a comparison was made for transport characteristics, including free water 

transportt of 10 diabetic patients and 10 non-diabetics, starting with PD. Despite earlier 

publicationss in man and rats, no differences were found, suggesting that diabetic and uremic 

patientss with reasonably good glvcemic control did not have other peritoneal transport properties 

thann non-diabetic uremic patients. 

Inn order to prove that impaired free water transport is an entity by itself and not the result 

off  a lower net UF, caused by rapid dissipation of the osmotic gradient in case of a fast transport 

status,, chapter  7 describes the fluid kinetics of three patient groups with fast peritoneal 

transport.. Long-term PD patients (with peritoneal changes that were assumed to be permanent) 

wreree compared to patients with acute CAPD peritonitis (transient changes) and also with patients 

inn the first months of PD. The patients were matched for MTA C creatinine. The sieving of 

sodiumm was lower in the long-term patients, whereas the peritonitis patients and the starting 

patientss had similar values. This implied that impaired free water transport is a contributing 

factorr to ultrafiltration failure in long-term PD. It seemed likely that this impairment is caused by 

thee long-term treatment with bioincompatible dialysis fluids. 

Inn chapter  8 the results of a large multicenter study on the prevalence and causes of 

ultrafiltrationn failure in long-term PD were described. The study provides evidence for the clinical 

observationn that ultrafiltration failure is an important complication of long-term peritoneal 

dialysis.. Its prevalence was 36% in 55 patients, only selected on the basis of the duration of 

peritoneall  dialysis. The group of patients with UFF showed higher transport rates for small 

solutess (65% of the patients), measured as high MTA C creatinine, high D / P creatinine and high 

glucosee absorption. In addition, the UFF patients had higher lymphatic absorption rates (35% of 

thee patients) and a decrease of the maximum dip in D / P sodium (65% of the patients). Most 

patientss had a combination of etiological factors. The combination of a large vascular surface area 

withh an absence in the dip of D / P sodium was the most frequent one. No relation was observed 

betweenn UFF and the peritonitis incidence, or between serum CRP, as a marker of chronic 

inflammation,, and UFF. A lower dialysate cancer antigen 125 (CA-125) in the patients with UFF 

wass considered to be a sign of mesothelial damage. 

Inn chapter  9 the peritoneal permeability characteristics for 1.4% glycerol and 1.36% 

glucosee solutions were compared. No effect on MTACs of low molecular weight solutes were 
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found,, nor was there any effect on the clearances of macromolecules. Reflection coefficients for 

glucosee and glucose were calculated, using kinetic modeling. It appeared that the reflection 

coefficientt of glycerol was significantly lower than that of glucose. Despite that, the higher 

osmolarityy of the solution resulted in a higher osmotic pressure gradient in the first phase of the 

dwell.. The fluid profiles showed a steeper initial rise in IPV for glycerol than for glucose. When 

calculatingg the TCUF rate in the first minute of the dwell, a significantly higher value for glycerol 

wass found. Also, the TCUF rate was significandy higher in the initial phase of the dwell 

comparedd to the whole dwell, for both solutions. The sieving of sodium was more pronounced 

forr glycerol. This implied that the overall osmotic effect of 1.4% glycerol is more dependent on 

thee integrity of peritoneal aquaporins than that of 1.36% glucose. Lymphatic absorption was 

similarr for the two solutions, implying that glycerol has no influence on this parameter. 

I nn chapter  10, the effects of temporal treatment with non-glucose containing dialysis 

solutionss were studied in 10 patients with severe ultrafiltration failure. The patients were divided 

inn a group with encapsulating peritoneal sclerosis (PS) and a group that did not have PS. The PS 

patientss did not show any improvement after glucose-free treatment. Patients without peritoneal 

sclerosiss showed improvement of some parameters of transport after the change to the glucose-

freee regime. A decrease in small solute transport rates was attributed to a smaller effective 

peritoneall  surface area. A slight improvement in free water transport was observed, which could 

havee been the result of newlv formed aquaporin-1 or by reversal of glycation or nitrosylation of 

aquaporin-1.. This increase in the maximum dip of the D / P sodium was the only factor that 

showedd a persistent improvement after 12 weeks of treatment. The increase of the transcapillary 

ultrafiltrationn rate was the consequence of both the decrease in solute transport and the improved 

freee water transport. CA-125 appearance rates after glucose free treatment were increasing and 

impliedd a better preservation of the mesothelial cell layer. 

Conclusions s 

1.. Peritoneal function tests should be performed with a 3.86% glucose solution on a regular 

basis.. It should consist of small solute transport parameters and water transport 

parameters. . 

2.. When future peritoneal function tests are performed with a 3.86% glucose solution, 

insteadd of the regular 1.36% glucose solution (SPA) or the 2.27% glucose solution (PET), 

noo important historical information on the transport parameters A1TAC creatinine (SPA) 

orr D / P creatinine (PET) wil l be lost, since the tonicity of the dialysis fluid does not 

influencee these parameters. 
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3.. The use of a 3.86% glucose solution provides the possibility to measure the "sieving of 

sodium",, a process in which there is a dissociation between the transport of water and 

thatt of solutes. Because of the transport of "free water", a dilution of the dialvsate sodium 

concentrationn occurs, measured as a dip in the dialysate-to-plasma ratio of sodium. The 

"sievingg of sodium" is considered to functionally characterize aquaporin-1 mediated water 

transport. . 

4.. For clinical purposes, free water transport can be assessed in a 3.86% glucose PUT, using 

thee magnitude of the dip in the dialysate-to-plasma ratio of sodium at the end of the 

dwell.. A correction for sodium diffusion, using the MTA C of creatinine, should be 

performedd to prevent an underestimation of this dip. 

5.. For more sophisticated scientific purposes, free water transport can be assessed in a SPA, 

usingg a volume marker and collecting samples at different time points. In this wav, the 

amountt of sodium transported through the small pores can be calculated for any time 

point.. This can than be subtracted from the total transcapillary ultrafiltration. The 

resultingg volume is the amount of water transported through the ultra small pores. 

6.. In patients with ultrafiltration failure, defined as net ultrafiltration of less than 400 ml. 

afterr a 4-hour function test with a 3.86% glucose solution, three main reasons for 

ultrafiltrationn failure are present. First, high transport rates (65% of the investigated 

patients),, measured as a high MTA C creatinine, can cause a rapid absorption of the 

osmoticc agent and therefore resulting in a decreased net ultrafiltration. Second, high fluid 

absorptionn (35%) from the peritoneal cavity can decrease the net drained volume and 

finallyy an impairment of free water transport (65%) results in a lower ultrafiltration. 

7.. In long-term PD patients with ultrafiltration failure, most patients have a combination of 

causes. . 

8.. In patients with impaired free water transport, the duration of peritoneal dialysis tends to 

bee longer than in patients with ultrafiltration failure of other origin. This implies that 

impairedd free water transport is associated with long-term PD. 

9.. Impaired free water transport is not present in patients with acute CAPD peritonitis or in 

patientss with high MTA C creatinine at the start of PD. This rejected the hypothesis that 

impairedd free water transport was just a result of impaired total ultrafiltration, caused by 

fastt transport status, and not an entity by itself. 

10.. The cause for impaired free water transport in long-term PD patients remains uncertain. 

AA possible role for the long-term exposure to glucose-containing dialysis solutions is 

postulated. . 
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11.. Patients with diabetes mellitus had no different transport characteristics, including free 

waterr transport, at the start of PD than non-diabetics. This implies that there must be 

otherr factors that contribute to the alterations of the peritoneal membrane in long-term 

PD.. Uremia and glycemic control can be some of these contributing factors. 

12.. Withdrawal of glucose containing dialysis solutions for a limited period in patients with 

severee ultrafiltration failure, increased total transcapillary ultrafiltration by improving free 

waterr transport and by decreasing MTAC creatinine. This supports the hypothesis that 

glucosee is functionally damaging the peritoneal membrane and indicates the need for 

moree bio-compatible dialysis fluids. 
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Samenvat t ing g 

Tijdenss peritoneale dialyse wordt, naast het verwijderen van afvalstoffen, ook de overmaat aan 

vochtt uit het lichaam verwijderd. Voor een goede regulatie van de vochtbalans is het van groot 

belangg dat er voldoende vocht wordt onttrokken. De hoeveelheid vocht die tijdens peritoneale 

dialysee wordt onttrokken noemen we netto ultrafiltratie. Transport van het overschot aan vocht 

vanuitt de circulatie naar het dialysaat in de buikholte, vindt plaats door de verschillende poriën in 

hett buikvlies. De belangrijkste poriën voor water transport zijn de zogenaamde kleine poriën, die 

zowell  water als de daarin opgeloste afvalstoffen doorlaten, en de ultra-kleine waterkanalen 

(aquaporines),, die alleen water doorlaten. In het chronische beloop van deze dialyse vorm 

kunnenn er verschillende veranderingen van het buikvlies optreden, die elk op hun eigen manier 

dee netto ultrafiltratie kunnen beïnvloeden. In dit proefschrift worden verschillende aspecten van 

peritoneaall  water transport beschreven. 

Tenn eerste worden er verschillende manieren beschreven waarmee de hoeveelheid water 

transportt bepaald kan worden. Normaal waardes voor water transport worden gegeven voor een 

4-uurss wisseling met een 3.86% glucose oplossing. Verder wordt water transport beschreven, 

wanneerr zich veranderde condities voordoen, zoals buikvlies ontsteking, langdurige peritoneale 

dialysee en ultrafiltratie falen. Het effect van een alternatieve dialyse vloeistof, glycerol, op water 

transportt wordt beschreven, evenals het effect van behandeling met glucose vrije dialvse 

vloeistoffenn op het water transport bij patiënten met ernstig ultrafiltratie falen. 

Hett eerste hoofdstuk, de algemene introductie, geeft een overzicht van de huidige kennis op het 

gebiedd van water- en deeltjes transport tijdens peritoneale dialyse. Hierbij is speciaal aandacht 

gegevenn aan de tot nu toe gebruikte methodes om water transport te bepalen en aan de 

veranderingenn die kunnen optreden in morfologie en functie van het buikvlies tijdens langdurige 

behandeling. . 

Inn hoofdstuk 2 zijn de transport karakteristieken van twee verschillende glucose-

bevattendee dialyse vloeistoffen beschreven. De reden om dit te doen was dat recent het advies 

werdd gegeven om standaard functie tests te verrichten met een 3.86% glucose oplossing, omdat 

hiermeee extra informatie over water transport verkregen wordt. Het probleem was echter, dat tot 

nuu toe de standaard tests altijd met ofwel een glucose 1.36% oplossing (Standard Peritoneal 

Permeabilityy Analysis, SPA), ofwel met een glucose 2.27% oplossing (Peritoneal Equilibration 

Test,, PET) werden gedaan. Om nu uit te zoeken of er informatie over deeltjes transport verloren 

gingg bij de overstap naar een 3.86% glucose test, zijn bij 40 patiënten 2 functie tests uitgevoerd. 
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Dee vloeistof met de hoogste concentratie, de 3.86% oplossing werd vergeleken met die met de 

laagstee glucose concentratie, de 1.36% oplossing, ervan uitgaande dat wanneer deze twee geen 

verschill  vertoonden, dit ook voor de 2.27% glucose oplossing zou gelden. Er bleken geen 

verschillenn te bestaan voor het transport van kleine deeltjes (kreatinine, ureum en uraat), noch 

warenn er verschillen in transport parameters van macromoleculen. Het gemeten verschil in netto 

ultrafiltratiee was verwacht, op grond van de hogere osmotische druk gradiënt die door gebruik 

vann de 3.86% glucose oplossing werd gecreëerd. Het bleek verder dat de daling van de dialysaat-

over-plasmaa ratio van natrium in de eerste fase van de test, correleerde met het verschil in netto 

ultrafiltratiee tussen de 3.86% en de 1.36% oplossing. Hieruit werd de conclusie getrokken dat 

beidee parameters een schatting geven van hetzelfde fenomeen, namelijk het vrije water transport. 

Uitt de resultaten van dit onderzoek werd geconcludeerd dat functie tests bij peritoneale dialyse 

hett best kunnen worden uitgevoerd met een 3.86% glucose oplossing, omdat dit essentiële extra 

informatiee geeft over het bestaan van ultrafiltratie falen en vrij water transport, zonder dat 

gegevenss over eiwit- en deeltjes transport van eerdere functie tests met andere concentraties 

waardelooss zijn geworden. 

Hieruitt volgde dat het noodzakelijk werd om referentie waardes te bepalen voor deze test 

mett 3.86% glucose. In hoofdstuk 3 zijn deze beschreven in een transversale studie in een grote 

groepp patiënten. Om betrouwbare normaal waardes te geven volgden we twee strategieën. In de 

eerstee excludeerden we de patiënten die reeds tekenen van ultrafiltratie falen vertoonden. 

Ultrafiltratiee falen werd gedefinieerd als een netto ultrafiltratie van minder dan 400 ml na een 4 

uurss wisseling. Dit werd gedaan omdat ultrafiltratie falen beschouwd kan worden als 

"abnormaal",, en er anders te lage waardes voor de netto ultrafiltratie gemeten zouden worden. In 

dee tweede strategie beschouwden we het optreden van een lagere netto ultrafiltratie als een 

continuümm van normaal, maar excludeerden we patiënten die langer dan 2 jaar met peritoneale 

dialysee werden behandeld, om zoveel mogelijk structurele schade uit te sluiten. Voor beide 

strategieënn werden normaal waardes en 95% betrouwbaarheid intervallen berekend voor PET en 

SPAA parameters. Verder werd een analyse gemaakt van oorzaken van ultrafiltratie falen in de 53 

patiëntenn die werden uitgesloten in de eerste strategie. 

Vri jj  water transport kan worden bepaald door de verdunning van natrium in het dialysaat 

tee meten in de eerste fase van een hypertone (3.86% glucose) wisseling. Omdat tijdens deze eerste 

fasee niet alleen water door de water kanalen wordt getransporteerd, maar er ook transport van 

kleinee deeltjes plaats vindt, zal er tegelijkertijd door de kleine poriën ook natrium diffunderen. 

Doorr deze diffusie van natrium zal er een "vals-lage" verdunning worden gemeten, en daarmee 

eenn onderschatting van het werkelijke vrije water transport. In hoofdstuk 4 is een methode 
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beschrevenn waarin een correctie werd toegepast voor natrium diffusie vanuit de circulatie naar 

hett dialvsaat. In tegenstelling tot een eerder beschreven methode, die gebruik maakt van 

tussentijdsee monsteringen en de mass transfer area coefficient (MTAC) van uraat (de referentie 

methode)) was de nieuwe methode makkelijk toe te passen wanneer er slechts natrium en 

kreatininee metingen gedaan zijn in dialvsaat en in bloed in het begin (O-waarde) en aan het einde 

vann de test (4 uurs waarde). Het bleek dat de verkregen correctie makkelijk toepasbaar was en 

goedd correleerde met de referentie-methode. Op deze manier is het nu ook mogelijk zonder zeer 

geavanceerdee methodes een redelijk betrouwbare schatting te maken van het vrije water 

transport. . 

I nn hoofdstuk 5 wordt juist een zeer geavanceerde methode beschreven om vrij water 

transportt te kwantificeren. Bij deze methode werd gebruik gemaakt van een enkele 3.86% glucose 

wisseling,, waaraan een vloeistof-marker werd toegevoegd. Met behulp van tussentijdse 

bemonster ingenn was het mogelijk om per tijdseenheid het precieze getransporteerde volume te 

berekenen,, en de precieze hoeveelheid getransporteerd natrium. Hiermee kon berekend worden 

watt er als vrij water per tijdseenheid door de water kanalen was gegaan. Deze methode wrerd 

vergelekenn met andere methodes om vrij water transport te schatten. 

Inn hoofdstuk 6 werd bekeken of er een invloed was van diabetes mellkus op vrij water 

transportt bij patiënten die net gestart waren met peritoneale dialyse. Hoewel er in eerdere 

publicatiess verschillen zijn beschreven in vloeistof- en deeltjes transport tussen diabeten en niet-

diabeten,, kon dit in ons onderzoek niet bevestigd worden. Redenen hiervoor zouden kunnen zijn 

datt in de eerdere onderzoeken patiënten of proefdieren, reeds langer met peritoneale dialyse 

werdenn behandeld (patiënten) en dat er ofwel geen sprake was van uremie als additionele factor, 

ofwell  dat er geen goede controle van de bloedsuikers was (proefdieren). 

Dee oorzaak van verminderd vrij water transport is onduidelijk. Sommigen menen dat het 

niett bestaat als een entiteit, maar slechts een gevolg is van een verminderde netto ultrafiltratie 

doorr een andere oorzaak, bijvoorbeeld door versneld transport. Bij versneld transport is er een 

groott peritoneaal oppervlak beschikbaar voor deeltjes transport van de circulatie naar het 

dialvsaat,, maar ook andersom. Hierdoor zal een osmotische gradiënt snel verdwijnen, met als 

gevolgg een daling van het uiteindelijke netto ultrafiltratie volume. Om nu aan te tonen dat 

verminderdd vrij water transport wel degelijk een additionele factor is in ultrafiltratie falen, met 

namee bij langdurige peritoneale dialyse, hebben we in hoofdstuk 7 verschillende patiënten 

groepenn vergeleken met verhoogde transport snelheden. De hypothese was dat bij langdurige 

peritonealee dialyse structurele veranderingen zijn opgetreden van het buikvlies, waarbij naast het 

ontstaann van een vergroot peritoneaal oppervlak, ook de waterkanalen zijn aangedaan, met als 
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gevolgg een verlaagd vrij water transport. Inderdaad bleek dat bij patiënten met versneld transport 

tijdenss chronische behandeling, belangrijk lagere waardes voor vrij water transport werden 

gemetenn dan bij patiënten met dezelfde snelle transport waardes tijdens buikvlies ontsteking en 

ookk bij beginners met versneld transport. Dit versterkt de gedachte dat verminderd vrij water 

transportt een belangrijke bijdragende factor is in ultrafiltratie falen bij lange termijn peritoneale 

dialyse.. Een mogelijke oorzaak van dit verlaagde water transport zou de langdurige blootstelling 

aann bio-incompatibele dialyse vloeistoffen kunnen zijn. 

Inn hoofdstuk 8 is een cross-sectioneel multi-center onderzoek beschreven, waarin de 

prevalentiee en oorzaken van ultrafiltratie falen in chronische peritoneaal dialyse patiënten werd 

onderzocht.. Hierin werden patiënten die tenminste 4 jaar met peritoneaal dialyse waren 

behandeldd geincludeerd. Ultrafiltratie falen, gedefinieerd als minder dan 400 ml ultrafiltratie na 

eenn 4 uurs wisseling met een 3.86% glucose oplossing, bleek bij 36% van de patiënten aanwezig 

tee zijn. Bij de meeste patiënten kon er meer dan een oorzaak worden gevonden. Meestal was dit 

eenn combinatie van versneld deeltjes transport met ofwel verminderd vrij water transport ofwel 

mett een verhoogde lymfe absorptie. Bij sommige patiënten was er zelfs een combinatie van drie 

oorzakenn aanwezig. In de analyse kon geen verband worden aangetoond tussen ultrafiltratie falen 

enn een hogere peritonitis incidentie of een verhoogd C-reactive protein als marker van chronische 

ontsteking.. Wel hadden patiënten met ultrafiltratie falen een lager cancer antigen 125 (CA-125), 

watt wijst op een lagere hoeveelheid mesotheel cellen op het buikvlies. Geconcludeerd kon 

wordenn dat er tijdens chronische behandeling met peritoneale dialyse vloeistoffen niet alleen 

schadee is aan de vasculaire zijde van het buikvlies, maar ook de mesotheliale zijde. 

Inn hoofdstuk 9 is het effect van een spoeling met een alternatieve dialyse vloeistof, 

glyceroll  1.4%, vergeleken met een wisseling met een 1.36% glucose oplossing. Hieruit bleek dat 

err geen verschil was in transport van klein moleculaire deeltjes en eiwitten. Wel bleek er, door de 

hogeree osmotische gradiënt van glycerol, een groter effect te zijn op het water kanaal 

gemedieerdee vrije water transport. Bij gebruik van deze dialyse vloeistof, die in celkweken en 

experimentenn meer biocompatibel bleek te zijn dan glucose, is een intacte water kanaal functie 

duss belangrijk voor het vocht-onttrekkend vermogen. 

Omdatt er tal van aanwijzingen zijn dat het gebruik van de huidige, bio-incompatibele 

glucosee oplossingen in peritoneale dialyse bijdragen in het ontstaan van ultrafiltratie falen, 

behandeldenn we in hoofdstuk 10 patiënten met ernstig ultrafiltratie falen met glucose-vrije 

dialysee vloeistoffen. Met een combinatie van vloeistoffen die glycerol, aminozuren en icodextrin 

bevatten,, bleken de parameters voor deeltjes transport te dalen, de transcapillaire ultrafiltratie te 

stijgen,, het vrije water transport iets toe te nemen en het CA-125 duidelijk te stijgen bij 6 
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patiëntenn met ultrafiltratie falen, maar zonder perkoneale sclerose. Deze groep van 4 patiënten 

vertoondee geen enkele verbetering. Geconcludeerd kon worden dat in een vroeg stadium van 

ultrafiltratiee falen, wanneer er geen peritoneaal sclerose aanwezig is, een omzett ing naar een meer 

bio-compatibell  dialyse regime zinvol kan zijn. 

Conclus ies s 

1.. Peritoneale functie tests moeten op reguliere basis met een 3.86% glucose oplossing 

wordenn uitgevoerd. Er moet dan gekeken worden naar deeltjes transport, maar ook naar 

vri jj  water transport. 

2.. Wanneer de overstap van de huidige functie tests met 2.27% glucose (PET) of 1.36% 

glucosee (SPA) wordt gemaakt, gaat er geen belangrijke historische informatie over deeltjes 

transportt ( D /P kreatinine of D t /DÜ glucose bij P ET en MTA C kreatinine bij SPA) 

verloren.. De toniciteit van de dialyse oplossing heeft geen invloed op de deeltjes 

transportt parameters. 

3.. Het gebruik van een 3.86% glucose oplossing als vloeistof voor de reguliere functie test, 

biedtt als extra mogelijkheid dat de "sieving" van natrium bekeken kan worden. Di t is een 

process waarin er een dissociatie is van vloeistof en deeltjes transport. Hierdoor daalt de 

concentratiee van natrium in het dialysaat als gevolg van verdunning. Een dip in de 

dialysaat-over-plasmaa ratio van natrium is een schatting van de functie van de water 

kanalenn (aquaporine-1). 

4.. Voor klinische doeleinden kan een schatting van vrij water transport worden gemaakt met 

eenn P ET test met 3.86% glucose, door de grootte van de dip in de dialysaat-over-plasma 

ratioo van natrium aan het einde van de 4-uurs wisseling te meten. Om een onderschatting 

vann deze dip te vermijden, moet er wel een correctie voor natrium diffusie vanuit de 

circulatiee worden verricht. 

5.. Voor wetenschappelijke doeleinden kan op een meer geavanceerde manier een 

berekeningg van het exacte volume van getransporteerd water door de water kanalen 

wordenn verricht. Hierbij moet gebruik gemaakt worden van een volume marker en zijn 

dialysaatt bemonster ingen op verschillende tijdspunten noodzakelijk. 

6.. In patiënten met ultrafiltratie falen, gedefinieerd als een netto ultrafiltratie volume van 

minderr dan 400 ml na een 4-uurs wisseling met een 3.86% glucose oplossing, zijn er drie 

hoofdd oorzaken aanwijsbaar. Ten eerste een versneld deeltjes transport waardoor de 

osmotischee gradiënt snel verdwijnt en er een verminderde netto ultrafiltratie optreedt. 
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Tenn tweede een verminderd vrij water transport en ten derde een verhoogde lymfatische 

absorptie,, resulterend in een lager netto gedraineerd volume. 

7.. In patiënten die langdurig met peritoneale dialyse zijn behandeld is er vaak sprake van een 

combinatiee van oorzaken van ultrafiltratie falen. 

8.. Patiënten met ultrafiltratie falen die een verlaagd vrij water transport hadden, bleken 

langerr met peritoneale dialyse te zijn behandeld dan patiënten met ultrafiltratie falen door 

anderee oorzaak. Dit impliceert dat verminderde vrij water transport is geassocieerd met 

chronischee peritoneale dialyse. 

9.. Verminderd vrij water transport is niet aanwezig bij patiënten met acute CAPD peritonitis 

off  bij patiënten met een versneld transport bij aanvang van peritoneale dialyse. Dit 

betekentt dat de hypothese dat verminderd vrij water transport alleen maar het gevolg is 

vann een verlaagde totale netto ultrafiltratie ten gevolge van een versnelde verdwijning van 

dee osmotische gradiënt, verworpen kan worden. 

10.. De oorzaak van verminderd vrij water transport is nog onduidelijk. Mogelijk heeft de 

langdurigee blootstelling aan onfysiologische dialyse vloeistoffen hier een rol in. 

11.. Patiënten met diabetes mellitus hadden geen andere transport parameters bij de start van 

peritonealee dialyse dan niet-diabeten. Dit betekent dat er andere factoren dan alleen 

hogeree glucose waardes zijn, die bijdragen aan veranderingen in water transport na 

langdurigee peritoneale dialyse. De invloed van uremie of de instelling van de diabetes zou 

eenn mogelijk verklaring zijn. 

12.. Het overgaan van glucose bevattend dialysaat naar glucose vrij dialysaat in patiënten met 

ernstigg ultrafiltratie falen resulteerde in een verbetering van de netto ultrafiltratie, door 

eenn stijging van het vrije water transport en door een daling van de deeltjes transport 

snelheden.. Dit ondersteunt de hypothese dat glucose bevattende dialyse vloeistoffen het 

buikvliess functioneel beschadigen en bevestigt de behoefte aan meer bio-compatibele 

dialysee vloeistoffen. 
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