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The basic diffusive transport parameter A0/x (the urestricted pore area over 

unit diffusion distance) is closely related to the diffuisive mass transport 

coefficient, and to D/P 
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Van Biesen, Heimbürger et al. Nephrol Dial Transplant 2010 



Survival fast transporters APD vs CAPD 

Johnson et al, NDT, 2010 

APD survival superior 

in fast transporters, 

but CAPD better in 

slow transporters 



Relation transport status and overhydration 

Practice related? 

Van Biesen et al for the EuroBCM study group, Plos One, 2011 

Not done Fast Slow Fast average Slow average 



Peritonitis treatment 

Pharmacokinetics of continuous vs. Intermittent antibiotic (AB) therapy 

• Peritonitis is a local infection in the peritoneal cavity (about 1% have 
positive blood culture. Traneaus et PDI 9:179-90,1989) 

• It is important to have effective antibiotic concentrations in dialysate 
and in the peritoneal tissue 

• Intermittent AB-therapy is based on absorption into plasma and 
transport back to the peritoneal membrane between AB doses 

• Intermittent AB needs therapeutic plasma concetrations 

• Continuous AB needs therapeutic dialysate concentrations 



ISPD Guidelines 2016 update 

• We recommend that IP antibiotics be the preferred route of 
administration unless the patient has features of systemic sepsis (1B).  

• We suggest that IP aminoglycoside be administered as daily 
intermittent dosing (2B). 

• We recommend that prolonged courses of IP aminoglycoside be 
avoided (1C). 

• We suggest that IP vancomycin be administered intermittently and the 
serum vancomycin level be kept above 15μg/mL (2C). 

• We suggest that IP cephalosporin be administered either continuously 
(in each exchange) or on a daily intermittent basis (2C). 

Pertit Dial Int 2016  



• However, systemic absorption of intermittent IP gentamicin is highly variable 
…and prolonged plasma elimination half-life may lead to systemic accumulation 
and subsequent toxicity. At the currently recommended dosing regimen, serum 
gentamicin levels might be excessive in over 50% of patients 

• Serum aminoglycoside level monitoring for PD patients receiving IP treatment 
seems to play a small role.  

• The role of monitoring serum vancomycin levels is controversial. … but there is 
substantial inter-individual variability. Re-dosing is probably appropriate when 
serum vancomycin levels are below 15 μg/mL. 

Intermittent (1 exchange daily)  Continuous (all exchanges) 

Aminoglycosides  

    Amikacin 2 mg/kg daily  LD 25 mg/L, MD 12 mg/L  

    Gentamicin 0.6 mg/kg daily  LD 8 mg/L, MD 4 mg/L  

    Netilmicin 0.6 mg/kg daily  MD 10 mg/L  

    Tobramycin 0.6 mg/kg daily  LD 3 mg/kg, MD 0.3 mg/kg  

Vancomycin 15–30 mg/kg every 5–7 days LD 30 mg/kg, MD 1.5 mg/kg/bag  

Perit Dial Int 2016  



Comments: 

Based on published experience and not completely logical 

• Intermittent dose should be based on body size and intervall based on 
clearance (renal and peritoneal). Plasma concentration measurements are 
recommended if not stopped after inital doses, particularly for aminoglycosides 

• Continuous dosing should be based on therapeutic concentrations in the 
dialysate taking diffusion into plasma into account 

Intermittent (1 exchange daily)  Continuous (all exchanges) 

Aminoglycosides  

    Amikacin 2 mg/kg daily  LD 25 mg/L, MD 12 mg/L  

    Gentamicin 0.6 mg/kg daily  LD 8 mg/L, MD 4 mg/L  

    Netilmicin 0.6 mg/kg daily  MD 10 mg/L  

    Tobramycin 0.6 mg/kg daily  LD 3 mg/kg, MD 0.3 mg/kg  

Vancomycin 15–30 mg/kg every 5–7 days LD 30 mg/kg, MD 1.5 mg/kg/bag  

Perit Dial Int 2016  



• Vancomycin (single dose of 25 mg/kg 
rounded to the nearest 500 mg for anuric 
patients but increased by 25% if not anuric).  

• IP gentamicin (0.6 mg/kg once a day for anuric 
patients but increased by 25% if not anuric) for 
5 daysor until culture results are known 

Blunden et al  Nephrol Dial Transplant 22:1714-1719, 2007  

<12mg/l       9%     16%   16%  13%             0%    21%   13%   25% 



• 48 episodes of peritonitis where a 
single dose (approximately 30 
mg/kg) was given 

•  Vancomycin levels were measured 
on day 5 

• Serum vancomycin concentrations 
exceeding 12 mg/L were achieved in 
98% of patients 

• In 11 patients (23%), an effluent 
vancomycin level below 4 mg/L—the 
minimal inhibitory concentration 
(MIC) of many gram-positive 
organisms—was observed at the end 
of a 4-hour dwell 

 Fish R et al: Perit Dial Int 32:332–8, 2012  



Intraperitoneal chemotherapy 

• Mainly used in ovarian cancer with peritoneal metastases 

• The deadliest of all gynecological cancers 

• In 70 % it metastasizes throughout the peritoneal cavity 

• Intraperitoneal adminstration is pharmacokinetically advantegous 
due to the peritoneal to plasma barrier and delayed peritoneal 
clearance 

Padkumar S et al. Exp Opinion  

Drug Delivery 15:481-94, 2018 

 



Van der Speeten et al Curr Drug Discov Technoll 6:72-81,2005 

Intraperitoneal paclitaxel 



Distributed model concept of 

metastic cancer and potential 

barriers to to i.p. therapy 

Comparison of penetration of 

mannitol and herpceptin into normal 

tissue (open symbols) or tumor 

xenograft. 

From Flessner MF in Textbook of Peritoneal Dialysis 



Intraperitoneal chemotherapy - problems 

• Surface contact area 

• Poor penetration into neoplasic tissue 

• Frequent dosing i.p. with indwelling catheters creates toxicity issues 
and cather related complications 

• Rapid clearance of small molecular drugs from the body 

• Lack of tumor selectivity and specificity of conventional drugs 

 

Padkumar S et al. Exp Opinion Drug Delivery 15:481-94, 2018 

Flessner MF in Textbook of Peritoneal Dialysis 

 



Diverse intraperitoeneal drug delivery systems 

Padkumar S et al. Exp Opinion Drug Delivery 15:481-94, 2018 

 



Additives to PD solution 



Krack G et al: PDI;12:359-64,1992 

• 12 CAPD patients with normal UF. Weekly PET, 3 

weeks with standard prescription, three weeks 

with phophatidylcholine 260 mg/ added. 

• Improved UF, no change in peritoneal transport 

parameters 

 

Di Paolo et al. Nephron 44:365-70, 1986 

Changes in ultrafiltration (ml/day following 

intraperitoneal phosphatidylcholine 

(50mg/l)duringCAPDin 5 patients with normal 

ultrafiltration, in 10 patients with low ultrafiltration 

and in 6 patients with peritonitis  



Day 0 30 60 P (ANVOVA) 

D/P urea 0.86 (0.09) 0.92 (0.05) 0.86 (0.11) 0.03 

D/P creatinine 0.78 (0.07) 0.82 (0.09) 0.75 (0.09) 0.018 

Net UF (L) 0.96 (0.68) 1.18 (0.61) 0.85 (0.76) 0.084 

Protein loss (g/24h) 13.07 (5.85) 9.82 (3.77) 12.38 (3.09) 0.003 

S-albumin (g/dl) 3.38 (0.30)  3.62 (0.28) 3.37 (0.29) 0.000 

• 16 CAPD patients (mean age 62 years; four women) on CAPD for on average 38 

months  

•  A 30-day intervention period, with 50 mg sulodexide, a heparinoid formulation, was 

administered intraperitoneally in the night bag 

• Sulodexide is 80% low-molecular-weight heparin and 20% lowmolecular-weight 

dermatan sulphateThe intervention period was followed by a 30-day wash-out. 

Bazzatto et al Lancet 346:740-741, 1995 

Heparin 



Guedri Y et al. Saudi J Kidney Dis Transpl 

27:1194-1199, 2016 

20 patients on acute peritoneal dialysis and 

performed two 2-hour cycles with 2,000 

cm3of a 1.5%solution, adding 2,000 units of 

heparin to the second cycle 

 

The peritoneal transport of creatinine and 

urea was improved (p < 0.02 ; p<0.05) and 

glucose absorption increased (pcO.Ol) with 

heparin, without any significant change in 

protein loss. 

 

 

Ponce et al. Nephron 39:47-49, 1985 



• A double-blinded cross-over design, 21 
PD patients, randomized to placebo or 
tinzaparin i.p. once a day for two 
treatment periods of 3 months, 
separated by a wash-out period 

• IP tinzaparin reduced D/P creatinine (P 
< 0.01), urea (P < 0.01) and albumin 
(P<0.05), and glucose (D4/D0) was 
increased (P<0.05) as well as 
ultrafiltration volume (P<0.05). 

 

Sjoland JA, et al: NDT 19:1264-8, 2004. 



• A double-blinded cross-over design, 21 
PD patients, randomized to placebo or 
tinzaparin i.p. once a day for two 
treatment periods of 3 months, 
separated by a wash-out period 

• IP tinzaparin reduced D/P creatinine (P 
< 0.01), urea (P < 0.01) and albumin 
(P<0.05), and glucose (D4/D0) was 
increased (P<0.05) as well as 
ultrafiltration volume (P<0.05). 

 

Sjoland JA, et al: NDT 19:1264-8, 2004. 



• Rats received 10 mL PD fluid daily, with or without unfractionated 
heparin or low molecular weight heparin. 

• After 5 weeks, a functional peritoneal transport test was performed 
and tissues and peritoneal leukocytes were taken.  

• PD treatment induced a chronic inflammation in the peritoneum, fast 
transport, leukocyte recruitment, tissue remodeling, and induction of 
spindle-shaped cells in the mesothelium.  

• Addition of LMWH or UFH did not prevent these changes.  

Schilte et al: PDI;29:26-35,2009 



4h dwell study in 48 male Sprague-Dawley rats with 131I albumin as 

an i.p. volume marker. 25 ml of 1.36% glucose dialysate with 

hyaluronan with different molecular weights and concetration 

The peritoneal fluid absorption rate was significantly decreased 

resulting in significantly higher net fluid removal in these groups  

Our results suggest that  

(a) the addition of hyaluronan to dialysate could decrease peritoneal 

fluid absorption and thus increase the net ultrafiltration; this 

effect appears to be both size dependent and concentration 

dependent 

(b) High molecular weight fraction of hyaluronan may also decrease 

the transcapillary UF 

(c) A higher concentration of hyaluronan in dialysate resulted in a 

more marked decrease in peritoneal fluid absorption (both to 

peritoneal tissues and direct lymphatic absorption) 

Hyaluronan 



13 PD patients, prospective, randomized 

crossover study  

(1)Dianeal PD-4, 1.36% glucose 

(2)Dianeal PD-4 containing 0.1 g/L HA 

(3)Dianeal PD-4 containing 0.5 g/L HA.  

Radioiodinated human serum albumin 

(RISA) was used as volume marker 

There were no significant differences in net 

UF or peritoneal volume profiles among the 

three treatments.  

 



Carnitine solution 

• Nocturnal exchanges with 1.5% glucose and 0.25% L-carnitine in four CAPD 
patients were well tolerated  

• Net ultrafiltration wa slightly increased compared to 2.5% glucose solutions, 
despite the lower osmolarity of the carnitine-containing solution 

• Addition of to in culture L-carnitine increased the expression of AQP1 in 
endothelial cells, improved viability, and prevented glucose-induced 
apoptosis. 

• In a standard toxicity test, the addition of L-carnitine to peritoneal dialysis 
solution improved the viability of L929 fibroblasts. 

Bonomini et al Kidney Int. 2011 Sep;80(6):645-54 



• 27 patients treated for 4 
months 

• Similar UF and dialysis and 
Kt/V 

• Improved insulin sensitivity 



PDF induces inadequate CSR in PD 

Cytotoxicity of 
PDF 

Inadequate 
Cellular Stress 
Response 
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