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ABSTRACT T 

AA review is given of the various mechanisms by which conventional glucose/laccate-based 

peritoneall  dialysis solutions can induce damage to the peritoneal membrane. The potential 

advantagess of newly developed dialysis solutions and the results of recent studies on their use in 

patientss are discussed. 

K E Y W O R DS S 

aminoo acids, bicarbonate, glucose, glucose degradation products, icodextrin, lactate; peritoneal 

dialysiss solutions, pyruvate 

INTRODUCTION N 

AA number of studies have reported similar patient survival rates for peritoneal dialysis and 

haemodialysiss when appropriate adjustments are made for differences in case mix [e.g. ]] . 

However,, all studies reported lower technique survival rates for peritoneal dialysis compared 

withh haemodialysis patients [e.g. 2]. Whilst recurrent peritonitis is still the most important 

reasonn for transfer from peritoneal dialysis to haemodialysis [3], data from Japan have shown 

thatt ultrafiltration failure is the most frequent cause of discontinuation of therapy in long-term 

peritonea]]  dialysis patients [4]. 

Thee development of ultrafiltration failure with time on peritoneal dialysis is most often 

associatedd with increases in the dialysate/plasma (DIP) tatio of low molecular weight solutes 

suchh as creatinine [5], suggesting the development of an enlargement of the vascular peritoneal 

surfacee area, leading to a rapid absorption of glucose, the standard osmotic agent in dialysis 

solutions.. We confirmed this by the demonstration of a higher number of peritoneal vessels 

inn peritoneal tissue of long-term peritoneal dialysis patients than at the start of treatment [6f 

Peritoneall  neoangiogenesis could be induced by daily peritoneal exposure to a 3-86% glucose 

dialysiss solution in a 20-wcek non-peritonitis model in the tat [7]. These observations favour a 

majorr pathogenetic role for the currently used peritoneal dialysis solutions. 

C O N V E N T I O N ALL PERITONEAL DIALYSI S SOLUTIONS 

Thee tradit ional peritoneal dialysis solutions are bio-incompatible because of their low pH, 

extremelyy high glucose and lactate concentrations, hyperosmolality and the presence of glucose 

degradationn products formed during heat sterilization of the solutions. The combination of low 

pHH and lactate appeared to be most toxic in in vitro studies, because it caused a decrease in 

thee intracellular pH [8]. This effect is probably less important in patients, because the instilled 

solutionn is diluted immediately with the intraperitoneal residual dialysate volume, leading to a 

steepp rise in pH [9]. Glucose in high concentrations is toxic for the mesothelium both in in vitro 

andd in animal studies [10,11]. Deposition of advanced glycosylationend-products (AGEs) has 
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beenn described in peritoneal tissues [12]. Glucose is also likely to be involved in the development 

off  peritoneal neoangiogenesis. This is supported by the diabetiform alterations of the micro-

vessels,, that are present in patients [13] and that can be induced in animal models [7]. The 

findingfinding of local peritoneal production of vascular endothelial growth factor (VEGF) [14], rhe 

effiuentt concentration of which increases with the duration of peritoneal dialysis [15], clearly 

underliness the similarity with diabetic retinopathy. The clinical importance of this diabetiform 

peritoneall  neoangiogenesis leading to an enlargementof the peritoneal vascular surface area is 

stressedd bythc results of Davies etal. who found a relationship between glucose exposure and the 

developmentt ofultrafiltration failure in their prospective cohort study of continuous peritoneal 

dialysiss (CAPD) patients [16]. 

Glucosee degradation products are toxic to peritoneal cells and induce the formation of 

AGEss at a faster speed than glucose itself [17]. The relative importanceof glucose degradation 

productss to glucose in clinical peritoneal dialysis has not been clarified. Some of the data are 

summarizedd in Table 1. Toxicity of lactate has been suggested in in vitro studies comparing 

pyruvatee with lactate. Pyruvate induced less cytotoxicity to peritoneal macrophages and 

mesotheliall  cells than lactate [18]. This could be attributed partly to the lower p/Q of pyruvate 

makingg it a weaker buffer, but also to its ability to scavenge oxygen radicals [19]. Pyruvate 

alsoo causes less stimulation of intracellular degradation of glucose in the sorbitol pathway [20]. 

Thesee data suggest that lactate may contribute to the toxicity of glucose. A possible mechanism 

iss by influencing the intracellular NADHfNAD * ratio. N A D H is formed from N A D + both 

inn glycolysis and in the sorbitol pathway. The resulting increase in the N A D H / N A D + ratio is 

reversedd by the conversion of pyruvate to lactate, in which NAD + is regenerated. NAD + is also 

regeneratedd in the citric acid cycle. The presence of high lactate concentrations wil l inhibit the 

NAD ++ regeneration, leading to an increased intracellular N A D H / N A D + ratio. An increased 

N A D H / N A D ++ ratio is also present during hypoxia. The latter is a potent stimulus for VEGF 

[21].. A glucose-inducedhigh N A D H / N A D + ratio is also called pseudohypoxia[22] and is likely 

too stimulate the formation of VEGF [23]. This is shown in Figure 1. 

N E WW P E R I T O N E AL D I A L Y S I S S O L U T I O NS 

Solutionss using amino acids as osmotic agent have been designed to serve as an additional 

phosphate-freee nitrogen source in malnourished patients. They induce only small amounts 

off  ultrafiltration and can only be applied once daily in order to avoid an excessive nitrogen 

load.. I he main advantage of including an amino acid-based, lactate-buffered solution in the 

regularr peritoneal dialysis prescription is the reduction in the exposure to glucose and glucose 

degradationn products. 
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Tablee 1: An estimation of the relative importance of glucose and glucose degradation products 

(GDP). . 

Dialysacee concentration 

Mesothelium m 

AGEE formation 

Neoangiogenesis s 

Glucose e 

mmolxx 100 

GDP P 

Umolxx 10 

++ + 

++ + 

Figuree 1: A schematic representation of the intracellular metabolism of glucose and (he resulting 

effectss on the N A D H / N A D ' ratio. 

Icodextrinn is a high molecular weight osmotic agent that induces ultrafiltrdtion mainly by 

colloidd osmosis. The 7.5% icodextrin-based, lactate-buffered solution can only be used once 

dailyy in order to avoid excessive accumulation of maltose in the circulation [24]. Icodextrin is 

especiallyy efficient in inducing ultra-filtration during long dwells [24] and in patients with a 

largee peritoneal vascular surface area [251. This is explained by its low absorption rate from the 

peritoneall  cavity. The use of icodextrin-based solutions is therefore beneficial in patients with 

ultrafiltrationn failure caused by a large vascular surface area. Its application also reduces the 

exposuree of the peritoneum to glucose. 

Ihee use of dialysis bags with two compartments has made it possible to make solutions 

thatt have a higher pi 1 and a reduced concentration of glucose degrddation products. Some of 

themm use bicarbonate as a buffer. A glucose/lactate-based solution with a pH between 6 and 7 

andd a very low concentration ol glucose degradation products has been prepared bv sterilizing 

aa highly concentrated glucose solution at a very low pH, separately from the other constituents 

off  the dialysis solution. 'Ihe application of this solution has been investigated in a randomized 

clinicall  trial in (SO patients with a maximum follow-up of 2 years. The solution tended to cause 

lesss inflow pain and had no effect on parameters of peritoneal transport, but induced alterations 

inn some effluent markers of peritoneal tissues [26]. Cancer antigen 125 (CA 125) increased 

andd dialysate hyaluronan decreased. CA 125 can be considered as a marker of mesothelial 

celll  mass in stable peritoneal dialysis patients [27,28], while hyaluronan may be involved in 

peritoneall  inflammation. These results suggest a better preservation of the meso- thelium and 

lesss inflammation with the tise of this dialysis solution. 
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Remarkablyy similar results have been obtained with a glucose-based solution buffered with a 

combinationn of bicarbonate and lactate. This solution has a normal pH and contains a reduced 

amountt of glucose degradation products, because the bicarbonate is sterilized separately 

fromm the other components of the solution. A randomized clinical trial in 106 patients with 

aa maximum follow-up of 6 months showed less inflow pain, no clinically relevant effects on 

peritoneall  transport and also an increase in dialysate CA 125 and a decrease in hyaluronan 

[29].. A study in the long-term peritoneal exposure model in the rat revealed less peritoneal 

fibrosisfibrosis and neoangiogenesis (unpublished data). The latter may be due to the lower lactate 

concentrationn of the solution, leading to less VEGF production. This hypothesis is supported 

byy the results of a pilot study using a glucose-based, pyruvate-buffered dialysis sblution in our 

chronicc peritoneal exposure model in the rat (unpublished). The solution resulted in a reduction 

off  the number of peritoneal vessels similar to that of the bicarbonate/lactate-buffcred solution. 

Thiss is shown in Table 2. 

Tablee 2. The mean number of vessels per high power field and the amount of fibrosis, scored 

semiquantitative,̂, after 20 weeks of daily i.p. infusion of three different dialysis solutions in Wistar 

No.. of vessels 40 20 20 

Fibrosiss + + + + 

CONCLUSIONS S 

Long-termm exposure to the conventional glucose/lactate-based dialysis solutions can induce 

damagee to the peritoneum. Ultrafiltration failure due to peritoneal neoangiogenesis is the most 

relevantt clinical manifestation of this process. Glucose and glucose degradation products are 

thee most likely causative agents in dialysis fluids. The contribution of other constituents such as 

lactatee is more speculative. The new dialysis solutions are important because their combined use 

wil ll  reduce the exposure of the peritoneum to glucose, glucose degradation products and lactate. 

Thee clinical effects of treatment with a combination of these new solutions on the characteristics 

off  the peritoneal membrane are not known yet, but currently are under investigation. 
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