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Abstract

This review paper describes new data on the role of
aquaporins in peritoneal function, peritoneal membrane
permeability, peritoneal dialysis (PD) adequacy and peri-
toneal membrane histology, new aspects of the use of PD
solutions alternative to glucose ones and indications for use
of peritoneal catheters with different configurations.

Results of main studies, published predominantly in
2003-2004, are presented and discussed. Clinically impor-
tant news, although preliminary in some cases, are also
included.
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Introduction

The following subjects will be discussed:

1. The role of aquaporins (APQs) in peritoneal function,
2. Peritoneal membrane permeability, peritoneal dialysis
(PD) adequacy and peritoneal membrane histology,

3. New aspects of the use of PD solutions alternative to

glucose ones,
4. Indications for use of peritoneal catheters with different
configurations.
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The role of AQPs in peritoneal function

When expression of cellular water channels — AQPs — was
found in kidney tissue, exploration of peritoneum for AQPs was
also initiated. In human peritoneum mRNA for AQP1, AQP3
and AQP4 was shown [1]. The localization of AQP1 protein in
peritoneal mesothelial cells was confirmed by double immu-
nohistochemical staining of the mesothelial lining of human
peritoneal membrane. Immunohistologic studies revealed
different localization of AQP1 and AQP3 in human peritoneal
mesothelial cells, with apical localization of AQP1 and basolat-
eral localization of AQP3 [2]. In mice, the presence of mRNA
for AQP1, AQP3, AQP4, AQP7 and AQP8 was reported in
peritoneum [3]. In the rat peritoneum, mRNA for AQP1 and
AQP4 was shown [4].

AQPs, which are present in human peritoneum, were also
found in other human organs. AQP1 was detected in kidneys
(proximal tubule, descending thin limb of the loop of Henle, the
descending vasa recta), chorid plexus, eye, gall bladder, lung, red
blood cell, endothelium of non-fenestrated capillaries. AQP3 is
present in kidney collecting ducts (basolateral membrane), lung,
gastrointestinal tract, chorid plexus and eye. AQP4 was found in
brain, lung and kidney [2,5].

Important progression of investigations in cell cultures was
achieved with detection that glucose itself or hyperosmotic con-
ditions, caused by high glucose concentrations (4%), increase
expression of mRNA and synthesis of AQP1 protein in endo-
thelial cells of human umbiliculus vein [6] and in rat peritoneal
mesothelial cells [7]. These data suggest that during PD a num-
ber of AQP1 may increase due to action of hyperosmotic solu-
tions containing glucose, if cells responsible for AQPs formation
are capable to answer on stimulus like hyperosmotic glucose
solution. Chronic exposition of peritoneum on dialysis solution
with low pH (3.5) causes a decrease of mRNA for AQP1 and
AQP4 in the rat model of PD [4].

Not all AQPs are involved in transperitoneal ultrafiltration.
Studies on AQP1-null mice or AQP4-null mice have shown that
AQP4 plays no significant role in peritoneal water permeability,
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whereas in AQP1-null mice the rate of increase in the volume
of a hypertonic dialysate was reduced to about 40% of the level
seen in control mice [3]. Results of these studies also indicate
that a presence of AQP1 is not the only condition causing
transperitoneal ultrafiltration under hypertonic circumstances.
Investigations on rats with renal-vascular hypertension revealed
that greater ultrafiltration is accompanied by higher expression
of AQP1 and AQP4 [8]. Expression of AQPs may be decreased
by administration of angiotensin converting enzyme inhibi-
tors (ACEI) or drugs which are antagonists for angiotensin 11
receptor (AITA). Action of ACEI or AIIA results in decreased
transperitoneal ultrafiltration [8].

Reduced expression of AQPs as a cause of deteriorated
ultrafiltration should be suspected when patients with decreased
ultrafiltration demonstrate impaired sodium sieving, but perito-
neal transport of small solutes is not increased [2].

Attempts to demonstrate a decreased number of AQP1
in patients with impaired peritoneal ultrafiltration capacity
were, however, not successful. Changes in AQP1 expression
were not shown during peritonitis in human [9] and in the rat
model of peritonitis. A presence of AQP1 was also revealed in
a long-term patient with impaired transcellular water transport
[10]. A question arises, what is really important — a number
or a function of AQPs. It cannot be excluded that glycation
of proteins of AQPs is a reason for loss of their physiological
functions [2].

Peritoneal membrane permeability,
PD adequacy and peritoneal membrane
histology

Long-term exposure of peritoneal membrane to bioincom-
patible dialysis solutions and episodes of dialysis-related perito-
nitis lead to functional and structural changes in peritoneum of
PD patients.

Functional changes of peritoneal membrane are relatively
easy to check with repeated performance of peritoneal tests,
like peritoneal equilibration test — PET [11], standard perme-
ability analysis — SPA [12], personal dialysis capacity — PDC
[13,14]. In 2003, reference values of SPA were established [15],
and PET was modified by the use of a radiopharmaceutical:
“Tc — diethylenetriaminepentaacetate — *Tc — DTPA, which
was intravenously injected at the end of peritoneal instillation
of 2 L of 2.5% glucose — containing PD solution as a bolus [16].
Comparing to standard PET, nuclear PET may have the added
advantages of simplicity and a possibility of measuring total
clearance (PD + renal) in the same sitting. All afore-mentioned
tests determine transperitoneal movement of small solutes.
SPA and PDC additionally determine peritoneal ultrafiltration
capacity, function of water channels and peritoneal transport of
large molecules. However, standard PET remains the most pop-
ular method of functional evaluation of peritoneal membrane.

Numerous papers indicate changes in peritoneal perme-
ability in the course of PD treatment. An increase in peritoneal
permeability is predominantly described. It occurs usually after
at least 2 years of PD duration [17-21]. Increments in peritoneal
permeability were also observed in the rat model of PD [22].

Reports on decreasing permeability of peritoneum during PD
treatment also appear in the scientific literature [19,23-27].

Recent studies indicate that the normal anatomic peri-
toneum (the mesothelium and associated surface coatings,
stagnant layers and the connective tissue immediately adherent
to the mesothelium) is relatively unimportant as a physical
transport barrier and does not provide a major limitation to
small solutes permeability and osmotic ultrafiltration in PD
[28]. In cases of alterations of the peritoneum over years, this
conclusion may not apply.

Conventional dialysis solutions, containing high glucose
lood, lead to formation of advanced glycation end-products
(AGE) in peritoneum. In diabetic patients non-enzymatic
glycation of proteins begins already in pre-dialytic period.
Accumulation of AGE in peritoneum leads to increased perme-
ability of peritoneal membrane. Diabetes mellitus, according to
CANUSA studies, is more frequently related to high peritoneal
permeability than other diseases causing renal insufficiency [29].
Diabetic patients show higher peritoneal transport, because
AGE accumulation in peritoneum and in dialysate effluent
is significantly greater in diabetics than in non-diabetics. Dif-
ferences in peritoneal transport between insulin-dependent
patients and insulin-nondependent ones were not demonstrated
[30]. However, not all authors confirm more frequent occur-
rence of high transport in diabetics compared to non-diabetics
[31,32]. Dimkovic et al. [33] showed even a greater number of
low transporters among Asian Indian patients with diabetes
than in non Indian ones. Recent study, using PDC [13], demon-
strated that peritoneal function, including peritoneal membrane
transport and peritoneal permeability to protein, was signifi-
cantly higher in diabetics than in non-diabetics [34]. Therefore,
hypoproteinemia in PD diabetic patients might be associated
with high permeability of peritoneal membrane [34].

In 2003, PD adequacy parameters were related to histologic
changes of peritoneal membrane, shown in a peritoneal biopsy
at initiation of PD treatment and after a mean of 4 years on
continuous ambulatory PD [35]. The main histologic changes
were loss of mesothelial cells and decrease in normal mesothe-
lial surface, thickening of the submesothelial collagenous zone,
and presence of vascular hyalinosis. Only a trend was observed
toward more severe lesions in patients treated with PD for
about 4 years than in those starting PD. These not significant
structural changes were not followed by functional changes dur-
ing the first 4 years on PD. However, this study is limited by the
small number (n = 18) of patients included [35].

After numerous experimental investigations, clinical trials
with glycosaminoglycans have been already started to slow the
progressive reduction in the dialytic efficiency of the peritoneal
membrane. Intraperitoneal use of hyaluronan for 6-hour dwell in
PD patients did not reveal significant changes neither in ultrafil-
tration nor peritoneal transport, but there was no adverse events
related to hyaluronan administration [36]. Further studies with
oral treatment of long-term PD patients with the glycosaminogly-
can sulodexide showed that this drug improves some functional
peritoneal membrane parameters (induces an increase in D/P
urea and D/P creatinine and a decrease in peritoneal albumin
loss), but it is inclear whether this therapy may be a strategy
effective in stopping peritoneal dialytic failure [37].

171



Grzegorzewska AE

New therapeutic strategies aiming to protect the peritoneal
membrane from the consequences of long-term PD include
[38,39]:

1. administration of L-arginine analogues,

2. modulating angiogenesis using agents that inhibit endo-
thelial cell growth, adhesion and cell migration, or that
interfere with vascular growth factors VEGF and BFGE,
or their receptors,

3. gene therapy

a) peritoneal mesothelial cells or peritoneal leukocytes
can be modified to express antiinflammatory cytokines,
as IL-1 receptor antagonist, the soluble receptor to
TNF-o and IL-10,
b) membrane integrity could be preserved enhancing
the expression of fibrinolytic factors (tissue plasmino-
gen activator) and anti-fibrotic molecules that coun-
teract VEGF action and inhibit factor Kappa B and
transforming growth factor f.

New aspects of the use of PD solutions
alternative to glucose ones

Malnutrition is common among PD patients. Numerous
factors lead to depletion of body tissue and nutrients, among
them reduced nutrient intake, reflecting disturbed appetite, was
recently proved in PD patients using electronic appetite rating
system [40].

Amino acid-based dialysis solution (AA-DS) was designed
to replace transperitoneal losses of amino acids and proteins
during PD, thereby improving PD patients’ nutrition. After
many correction, AA-DS exerts beneficial nutritional effects,
including improved nitrogen balance, increased concentration
of plasma proteins, improved anthropometric measurements
and improved plasma amino acid pattern [41,42]. However,
Brulez et al. [43] have observed already in 1999 that absorp-
tion of L-methionine from AA-DS induces an increase in the
plasma level of homocysteine by about 40% after use of AA-DS
for 2 months and, therefore, increases the potential risk of
cardiovascular illness. Perhaps AA-DS formulation can be still
optimised. Recent data also demonstrate that AA-DS increases
serum homocysteine level irrespective of patient sex, age, under-
lying disease, or diabetic status, and suggest that L-methionine
content in AA-DS should be lower than 85 mg/dL, but optimal
concentration was not established as yet [44].

It was shown in 2001 that leptinemia of patients switched
to icodextrin dialysis solution is lower compared to that of
a control group continuing to receive treatment with a glucose
— based solution only [45]. Further studies of the same authors
revealed that icodextrin administration leads to an increase
in leptin peritoneal clearance, presumably as a consequence
of increased ultrafiltration [46]. However, the previously
established decrease in leptinemia during long-term icodextrin
treatment cannot be simply an effect of an increased icodextrin
peritoneal clearance. A role in the decrease in leptinemia dur-
ing icodextrin treatment could also be played by reduced leptin
synthesis following the decrease in glucose load and/or hyperin-
sulinemia and body fat mass in the long run [46].

Episodes of icodextrin-associated sterile peritonitis in

patients maintained on chronic PD have been repeatedly
described. In many cases this syndrome is caused by contamina-
tion of icodextrin with a gram-positive bacteria-derived pepti-
doglycan, a nonendotoxin pyrogen capable of provoking the
inflammatory response in peritoneum. It is established that only
a <10 ng/ml peptidoglycan level fluid should be used, but some
patients may become hypersensitive to the peptidoglycan con-
taminant in icodextrin solution. Such patients may only be able
to tolerate fluid containing no peptidoglycan [47,48]. In contrast
to bacterial peritonitis, there is no increase in CD14 (receptor
for lipopolysaccharide) expression on the peripheral and peri-
toneal macrophages on the day of presentation and during the
follow-up period of icodextrin-associated peritonitis [49].

Indications for use of peritoneal catheters
with different configurations

With development of PD treatment, different types of peri-
toneal catheters are commercially available. Precise indications
for their choice for individual patient are not well established.
Chinese group of clinical investogators have published in 2003
the results of a prospective randomized controlled trial in PD
patients who received a conventional straight double-cuffed
catheter, a swan-neck straight catheter, or a swan-neck curled
tip catheter [50]. These three different types of PD catheters
did not have markedly different outcomes. However, there was
a trend toward lower risk of exit site infections in swan-neck
catheters, and significantly fewer swan-neck catheters were
removed because exit site infections. The main benefit of swan-
neck catheters was found in nasal non carriers of Staph. aureus,
but swan-neck curled tip catheters had a high migration rate.
Swan-neck straight catheters are therefore recommended by
authors as the first-line catheters of choice, particularly in popu-
lations with a low rate of Staph. aureus nasal carriage.

Due to frequently observed migration of intraabdominal
part of Tenckhoff catheter, techniques for correction of its
position in the peritoneal cavity are continuously elaborated.
Recently, the double guidewire method was introduced by
Taiwan group [51]. The first guidewire is used to correct the
direction of the catheter tip and the second guidewire is used to
anchor the catheter so that an ideal course of the catheter can be
maintained during removal of the first guidewire.

Acknowledgements
The paper was presented at the VIII Congress of Polish
Society of Nephrology in Bialystok, 5-6.06.2004.

References

1. Fang W, Qian JQ. Expression of aquaporin-1 in human tissue.
Perit Dial Int, 2001; 21: 149.

2. Lai KN, Lam MF, Leung JC. Peritoneal function: the role of
aquaporins. Perit Dial Int, 2003; 23: 20-5.

3. Yang B, Folkesson HG, Yang J, Matthay MA, Verkman AS.
Reduced osmotic water permeability of the peritoneal barrier in aquapo-
rin-1 knockout mice. Am J Physiol, 1999; 276: 76-81.

4. Imai H, Nakamoto H, Ishida Y, Yamanouchi Y, Suzuki H. Glu-
cocortycoid protects against the development of encapsulating peritoneal
sclerosis in peritoneal dialysis. Abstr Perit Dial Int, 2002; 22: 10.



What is new in peritoneal dialysis in the years 2003-2004

5. Sasaki S. Basic and clinical aspects of kidney channelopathies.
Proc. 9" Asian Pacific Congress of Nephrology. Pattaya, 2003; p. 69-78.

6. Fang W, Qian JQ. Effect of glucose on the expression of aquapo-
rin-1 in cultured human endothelial cells. Perit Dial Int, 2001; 21: 150.

7. Oto T, Kuwahara M, Fan S, Terada Y, Akiba T, Sasaki S,
Marumo F. Expression of aquaporin-1 in the peritoneal tissues: localiza-
tion and regulation by hyperosmolality. Perit Dial Int, 2002; 22: 307-15.

8. Imai H, Nakamoto H, Ishida Y, Suzuki H. Role of renin-angio-
tensin system in the regulation of peritoneal function in CAPD. Perit Dial
Int, 2001; 21: 150.

9. Pannekeet MM, Mulder JB, Weening JJ, Struijk DG, Zweers
MM, Krediet RT. Demonstration of aquaporin-chip in peritoneal tissue
of uremic and CAPD patients. Perit Dial Int, 1996; 16: 54-7.

10. Goffin E, Combet S, Jamar F, Cosyns JP, Devuyst O. Expression
of aquaporin-1 in a long-term peritoneal dialysis patient with impaired
transcellular water transport. Am J Kidney Dis, 1999; 33: 383-8.

11. Twardowski ZJ, Nolph KD, Khanna R, Prowant BE, Ryan LP,
Moore HL, Nielsen MP. Peritoneal equilibration test. Perit Dial Bull,
1987; 7: 138-47.

12. Smit W, Langedijk MJ, Schouten N, van den Berg N, Struijk
DG, Krediet RT. A comparison between 1.36% and 3.86% glucose dialy-
sis solution for the assessment of peritoneal membrane function. Perit
Dial Int, 2000; 20: 734-41.

13. Haraldsson B. Assessing the peritoneal dialysis capacities of
individual patients. Kidney Int, 1995; 47: 1187-98.

14. van Biesen W, Carlsson O, Bergia R, Brauner M, Christensson
A, Genestier S, Haag Weber M, Heaf J, Joffe P, Johansson AC, Morel B,
Prischl F, Verbeelen D, Vychytil A. Personal dialysis capacity (PDC™) test:
a multicentre clinical study. Nephrol Dial Transplant, 2003; 18: 788-96.

15. Smit W, van Dijk P, Langedijk MJ, Schouten N, van den Berg N,
Struijk DG, Krediet RT. Peritoneal function and assessment of reference
values using a 3.86% glucose solution. Perit Dial Int, 2003; 23: 440-9.

16. Sharma RK, Jeloka T, Gupta A, Senthilnathan MS, Pradhan
PK, Das BK. Peritoneal equilibration test using a radiopharmaceutical:
diethylenetriaminepentaacetate. Perit Dial Int, 2003; 23: 31-3.

17. Passlick-Deetjen J, Chlebowski H, Koch M, Grabensee B.
Changes of peritoneal membrane function during long-term CAPD. Adv
Perit Dial, 1990; 6: 35-43.

18. Selgas R, Fernandez-Reyes MJ, Bosque E, Bajo MA, Borrego F,
Jimenez C, Del Peso G, De Alvaro F. Functional longevity of the human
peritoneum: how long is continuous peritoneal dialysis possible? Results of
a prospective medium long-term study. Am J Kidney Dis, 1994, 23, 64-73.

19. Lo WK, Brendolan A, Prowant BF, Moore HL, Khanna R,
Twardowski ZJ, Nolph KD. Changes in the peritoneal equilibration test
in selected chronic peritoneal dialysis patients. J Am Soc Nephrol, 1994;
4:1446-74.

20. Rocco MYV, Jordan JR, Burkart JM. Changes in peritoneal
transport during the first month of peritoneal dialysis. Perit Dial Int,
1995; 15: 12-7.

21. Yoshino A, Honda M, Fukuda M, Araki Y, Hataya H, Saka-
zume S, Tanaka Y, Kawamura K, Murai T, Kamiyama Y. Changes in
peritoneal equilibration test values during long-term peritoneal dialysis
in peritonitis-free children. Perit Dial Int, 2001; 21: 180-5.

22. Lee JH, Peddy DK, Saran R, Moore HL, Twardowski ZJ, Nolph
KD, Khanna R. Peritoneal accumulation of advanced glycosylation end-
products in diabetic rats on dialysis with icodextrin. Perit Dial Int, 2000,
20: 39-47.

23. Blake PG, Abraham G, Sombolos K, Izatt S, Weissgarten J, Ayio-
mamitis A, Oreopoulos DG. Changes in peritoneal membrane transport
rates in patients on long-term CAPD. Adv Perit Dial, 1989; 5: 3-7.

24. Struijk DG, Krediet RT, Koomen GC, Boeschoten EW, Hoek
FJ, Arisz L. The initial decrease in effective peritoneal surface area is not
caused by an increase in hematocrit. Perit Dial Int, 1993; 13: 53-6.

25. Lam ME, Cheng SW, Lui SL, Lo WK. Natural changes of perito-
neal transport in peritonitis-free peritoneal dialysis patients. Abstr Perit
Dial Int, 2002; 22: 11.

26. Hung SY, Chung HM. Natural changes in peritoneal equilibra-
tion test results: The effects of peritoneal dialysis itself. Abstr Perit Dial
Int, 2002; 22: 10.

27. Grzegorzewska AE, Leander M, Mariak I. Differences in PET
results in patients aged over or below 60 years. Abstr Perit Dial Int, 2002;
22:22.

28. Flessner M, Henegar J, Bigler S, Geous L. Is the peritoneum
a significant transport barrier in peritoneal dialysis? Perit Dial Int, 2003;
23: 542-9.

29. Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR, Oreopou-
los DG, Page D, for the CANUSA Study Group: Increased peritoneal

membrane transport is associated with decreased patient and technique
survival for continuous peritoneal dialysis patients. J] Am Soc Nephrol,
1998; 9: 1285-92.

30. Lin JJ, Wadhwa NK, Suh H, Cabralda T. Comparison of peri-
toneal transport between insulin-dependent and noninsulin-dependent
diabetic peritoneal dialysis patients. Perit Dial Int, 1997; 17: 208-9.

31. Chung SH, Chu WS, Lee HA, Kim YH, Lee IS, Lindholm B,
Lee HB. Peritoneal transport characteristics, comorbid diseases and
survival in CAPD paients. Perit Dial Int, 2000; 20: 541-7.

32. Fried L. Higher membrane permeability predicts poorer patient
survival. Perit Dial Int, 1997; 17: 387-9.

33. Dimkovic N, Tam P, Wu G, Oreopoulos DG. Peritoneal perme-
ability of Asian Indian patients does not differ from that of non Indian
patients (in Toronto, Canada). Perit Dial Int, 2000; 20: 472-4.

34. Nakamoto H and Suzuki H for the Japan PDC Study Group.
Hypoproteinemia in patients with diabetes undergoing continuous
ambulatory peritoneal dialysis is attributable to high permeability of
peritoneal membrane. Perit Dial Int, 2003; 23: 72-8.

35. Savidaki I, Karavias D, Sotsiou F, Alexandri S, Kalliakmani P,
Presvelos D, Papachristou E, Goumenos DS, Vlachojannis JG. Histologic
change of peritoneal membrane in relation to adequacy of dialysis in
continuous ambulatory peritoneal dialysis patients. Perit Dial Int, 2003; 23:
26-30.

36. Moberly JB, Sorkin M, Kucharski A, Ogle K, Mongoven J,
Skoufos L, Lin L, Bailey S, Rodela H, Mupas L, Walele A, Ogrinc F,
White D, Wolfson M, Martis L, Br¢borowicz A, Oreopoulos DG. Effects
of intraperitoneal hyaluronan on peritoneal fluid and solute transport in
peritoneal dialysis patients. Perit Dial Int, 2003; 23: 63-73.

37. Fracasso A, Baggio B, Masiero M, Bonfante L, Bazzato G, Feri-
ani M, Gambaro G. Effect of oral treatment with the glycosaminoglycan
sulodexide on peritoneal transport in CAPD patients. Perit Dial Int,
2003; 23: 595-9.

38. Hoff CM, Shockley TR. Peritoneal dialysis in the 21* century.
J Am Soc Nephrol, 2002; 13: 117-24.

39. Buemi M, Aloisi C, Cutroneo G, Nostro L, Favaloro A. Flowing
time on the peritoneal membrane. Nephrol Dial Transplant, 2004; 19:
26-9.

40. Wright M, Woodrow G, O’Brien S, King N, Dye L, Blundell J,
Brownjohn A, Turney J. Disturbed appetite patterns and nutrient intake
in peritoneal dialysis patients. Perit Dial Int, 2003; 23: 550-6.

41. Gonzalez AO, Melon CP, Esteban J, Armada E, Machi AG.
Intraperitoneal amino acids in CAPD: An 18-month experience. Perit
Dial Int, 1999; 19: 494-6.

42. Brem AS, Maaz D, Shemin DG, Wolfson M. Use of amino acid
peritoneal dialysate for one year in a child on CCPD. Perit Dial Int, 1996;
16: 634-6.

43. Brulez HF, van Guldener C, Donker AJ, ter Wee PM. The
impact of an amino acid-based peritoneal dialysis fluid on plasma total
homocysteine levels, lipid profile and body fat mass. Nephrol Dial Trans-
plant, 1999; 14: 154-9.

44. Chang JM, Chen HC, Hwang SJ, Tsai JC, Lai YH. Does amino
acid-based peritoneal dialysate change homocysteine metabolism in con-
tinuous ambulatory peritoneal dialysis patients? Perit Dial Int, 2003, 23,
48-51.

45. Opatrna S, Opatrny K Jr, Senft V, Stehlik F, Racek J. The effect
of icodextrin-based dialysis solution on selected metabolic parameters in
CAPD patients. Abstr Perit Dial Int, 2001; 21: 98.

46. Opatrna S, Opatrny K Jr, Racek J, Sefrna E. Effect of icodextrin-
based dialysis solution on peritoneal leptin clearance. Perit Dial Int, 2003;
23:89-91.

47. Povlsen JV, Ivarsen P, Jorgensen KA, Madsen S. Exposure to the
peptidoglycan contaminant in icodextrin may cause sensitization of the
patient maintained on peritoneal dialysis. Perit Dial Int, 2003; 23: 509-10.

48. Seow YT, Iles-Smith H, Hirst H, Gokal R. Icodextrin-associated
peritonitis among CAPD patients. Nephrol Dial Transplant, 2003; 18:
1951-2.

49. Glorieux G, Lameire N, Van Biesen W, Dequidt C, Vanholder
R. Specific characteristics of peritoneal leukocyte populations during
sterile peritonitis associated with icodextrin CAPD fluids. Nephrol Dial
Transplant, 2003; 18: 1648-53.

50. Lo WK, Lui SL, Li FK, Choy BY, Lam ME, Tse KC, Yip TPS,
Ng FSK, Lam SC, Chu WL, Cheng SW. A prospective randomized study
on three different peritoneal dialysis catheters. Perit Dial Int, 2003; 23:
127-31.

51. Lee CM, Ko SE Chen HC, Leung TK. Double guidewire
method: a novel technique for correction of migrated Tenckhoff perito-
neal dialysis catheter. Perit Dial Int, 2003; 23: 587-90.

173



