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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. . 

Ann 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 

MTACC 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. It was concluded that in the follow-up of peritoneal dialysis patients, a 4-hour 

P E TT 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. 

Inn 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 P D 
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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 P D for less than 2 years were examined. The assumption was made that low 

nett ultrafiltration values were a continuum 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 E T 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 

P E T .. 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. MTAC of urate is used because it is similar to 

MTACC sodium and can therefore be used to calculate the amount of sodium in the dialysate 

owingg to diffusion. It was investigated whether a diffusion correction model that uses P E T 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 P E T correction model overestimated the true dialysate sodium only to a negligible extend. 

Thee slight overestimation was probably caused by the use of the MTAC 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. N o 

significantt correlation was observed between this method and the difference in net U F 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 

me thodd 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). 

Inn 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 P D 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 MTAC 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 P D 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 3 6 % in 55 patients, only selected on the basis of the duration of 

peritoneall dialysis. The group of patients with U F F showed higher transport rates for small 

solutess (65% of the patients), measured as high MTAC 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. T h e combination of a large vascular surface area 

withh an absence in the dip of D / P sodium was the most frequent one. N o relation was observed 

betweenn U F F 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 U F F 

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. N o 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 T C U F rate in the first minute of the dwell, a significantly higher value for glycerol 

wass found. Also, the T C U F 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. 

Inn 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) will 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 MTAC 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 MTAC 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 P D 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 P D . 

9.. Impaired free water transport is not present in patients with acute C A P D peritonitis or in 

patientss with high MTAC 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 P D 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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