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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. 
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