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ChapterChapter 4 
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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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Introduction 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: 
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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 

1355 -

130 0 

P
E

T
T

 c
or

re
ct

io
n 

en
n 

o
 

ui
 

110 0 

105 5 110 0 1155 120 125 

Referencee method 

130 0 

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. 
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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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