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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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Introduction 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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Tablee 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. 

Q. . 

<U U 

E E 
C C 

30 0 

20 0 

"SS 15 

10--

c=n n 
S E EE E E E 

oo o o o o oo o o o o oo o o 
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U>U>  ID t~ tD Ol O r-
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nn ft ui io 

oo o o o o oo o o 

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 Litet 

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 Liter 

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. 

Tablee 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 Liter 

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 Liter 

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. 

Tablee 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 Liter 

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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