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Peritoneal dialysis physiology
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The basic diffusive transport parameter Ay /A, (the urestricted pore area over
unit diffusion distance) is closely related to the diffuisive mass transport
coefficient, and to D/P



D/D, glucose D/P creatinine

Time (hours) Time (hours)

Twardowski et al: PDI 7: 138-147, 1987



Evaluation of peritoneal membrane characteristics

Table 1. Peritoneal membrane transport types and their consequences for clinical management

@ersr.

Transport type

Properties

Recommendations

Fast transporter

Average transporter

Slow transporter

Fast, hyperbolic, equilibration of creatinine, typically with

a DIP, ot =0.80 after 4 h

Fast dissipation of glucose from the peritoneal cavity,

with negative ultrafiltration in dwells with 1.36%
elucose longer than 180 min

Limited sodium sieving, with 3.86% PET and small
(<5 mmolN) delta Dy (difference between the
D.odium at start and after 1 h)

Moderately fast equilibration of creatinme, with a steeper
slope in the begmning than at the end of the dwell

Moderately fast disappearance of osmotic agent.

Negative ultrafiltration only i too long dwells (=240 min)
Slow, semi-linear equilibration of creatinine, typically with

a DIP,,.; <0.55-0.60 after 4 h

Sustained ultrafiltration even in dwells longer than 240 min

Important sodium sieving, with 3.86%-FE1 and substantial
delta Dyogium (=5 mmol/l) after 1 h (the peak of delta

Do dium could occur later in the dwell)

Short dwells, preferably shorter than 180 min

Icodextrin to be considered for longest dwell,
unless sufficient residual diuresis

Check inflammatory status (peritoneal protein loss).
When negative, check transport status using
larger fill volumes

Too short (<120 min) and too long dwells
(>300 min) should be avoided, except for one
exchange/day (the ‘long dwell’)

Long dwells, preferably longer than 240 min

Use larger volumes rather than more dwells

Icodextrin probably not necessary for longest dwell
Be aware of sodium sieving when using dwells
shorter than 180 min

Van Biesen, Heimburger et al. Nephrol Dial Transplant 2010



Survival fast transporters APD vs CAPD

Table 2. Results of intention-to-treat Cox proportional hazards model analyses of the relative hazard of APD versus CAPD for patient survival,

according to peritoneal tmansport group

Univanate analysis

Multivanate analysis

Transport group HER Q5% Cl1 ~ HRE Q5% Cl1 ~
High (n = 628) 0.57 0.35-0.94 003 .56 0.35-0.87 0.0
High-average (n = 1936) .98 0.72-1.34 LR 1.8 0.81-1.45 LN
Low-average (n = 1146) 0.70 046107 01 .95 0.66—1.45 0.9
Low (n = 196) 221 124393 U007 219 1.02—4.70 0

Patient Survival by PD Modality
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Relation transport status and overhydration

Practice related?
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Fast Fast average Slow average Slow Not done
Van Biesen et al for the EuroBCM study group, Plos One, 2011



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).

e 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 15ug/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



_ 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

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 pg/mL. Perit Dial Int 2016



_ 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




® Vancomycin (single dose of 25 mg/kg ® [P gentamicin (0.6 mg/kg once a day for anuric

rounded to the nearest 500 mg for anuric patients but increased by 25% if not anuric) for
patients but increased by 25% if not anuric). 5 daysor until culture results are known
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48 episodes of peritonitis where a
single dose (approximately 30
mg/kg) was given

Vancomycin levels were measured
onday 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
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Intraperitoneal chemotherapy

* Mainly used in ovarian cancer with peritoneal metastases
 The deadliest of all gynecological cancers
* |n 70 % it metastasizes throughout the peritoneal cavity

* |ntraperitoneal adminstration is pharmacokinetically advantegous
due to the peritoneal to plasma barrier and delayed peritoneal

clearance
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Intraperitoneal paclitaxel

Taxol Pharmacokinetics - Dianeal
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Van der Speeten et al Curr Drug Discov Technoll 6:72-81,2005
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Intraperitoneal chemotherapy - problems

e 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
e 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

* Nanoparticulate \
systems < & > \-.
¥ oy

* Microparticulate @@ \.' l
systems ‘\

* Injectable depots‘,.h '\

.
* Implantable devices ;:’*.\ l

Padkumar S et al. Exp Opinion Drug Delivery 15:481-94, 2018
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Additives to PD solution
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Phosphatidylcholine and Peritoneal Transport during Peritoneal Dialysis

N. Di Paolo®, U. Buoncristiani®, L. Capotondo®, E. Gaggioni*, M. De Mia*. P. Rossi*, E. Sansoni®, M. Bernini®
Nephrology and Dialysis Department of the Regional Hospitals of *Siena and " Perugia, ltaly
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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

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

Peritoneal Dialysis International, Vol 12, pp. 359-364 0896-8608/92 5300 + .00
Printed in Canada. All nights reserved. Copyright &copy; 1992 Intemnational Society for Peritoneal Dialysis

INTRAPERITONEAL ADMINISTRATION OF PHOSPHA TIDYLCHOLINE
IMPROVES UL TRAFIL TRATION IN CONTINUOUS AMBULATORY PERITONEAL DIALYSIS PATIENTS
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« 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
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Heparin

« 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.

Day 10130 160 _____|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

Bazzatto et al Lancet 346:740-741, 1995



Saudi J Kidney Dis Transpl 2016:27(6):1194-1199

© 2016 Saudi Center for Organ Transplantation Saudi Journal

of Kidney Diseases
and Transplantation

Brief Communication

Effect of Intraperitoneal Injection of Sulodexide on Peritoneal Function
and Albumin Leakage in Continuous Ambulatory Peritoneal Dialysis
Patients

Yosra Guedri', K. Najla Damma’, Melek Toumi’. Wissal Sahtout'. Awatef Azzabi'. Sinda
Mrabet!, Safa Nouira!, Dalila Saidane’, Samira Amor’, Anis Belarbia', Dorsaf Zellama®,

Abdellatif Achour’

Table 2. Effect of Sulodexide on proteinuria and peritoneal albumin leakage.

P

Time D D P D
0 10 Y DDy,
Proteinuria (g/]) 0.96+0.90 0.78+0.86 0.04 0.67=0.70 0.04
Albumin in the
2 1027
offluent (g.-'I.) T4h 0.90+0.40 0.67+0.36 0.02 043022 0.03
Th4: The 4 h
Table 3. Effects of Sulodexide on peritoneal function quality of PD and on RRF.
Time Do D]o Dgu P

Kt/'v 2.03+0.94 2.17=0.45 0.345
Peritoneal clearance of | o) 45 67 75.25+17.38 0.028
creatinine (mlL/min)
D/P creatinine T4h 0.63£1 .45 0.7£0.58 0.85x0.073 0.028
D/P urea T4h 0.63+0.15 0.83+0.12 0.79+0.2 0.048
RREF (mL/oun) 1.1 1.63 0.254

RRF: Residual renal function, PD: Peritoneal dialysis, D/P: Dialysate-to plasma.

Guedri Y et al. Saudi J Kidney Dis Transpl
27:1194-1199, 2016

Nephron 390 47 49 (1985)

Interference of Heparin with Peritoneal Solute Transport

S.P. Ponce. J.D. Barara, J. R. Santos

Nephrotogy Deparntment, Hospitul Curry Cubral, Lssbon, Portugasl

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.QOl) with
heparin, without any significant change in
protein loss.

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



Nephrol Dial Transplant (2004) 19: 1264-1268
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Sjoland JA, et al: NDT 19:1264-8, 2004.



Nephrol Dial Transplant (2004) 19: 1264-1268

DOIL: 10.1093/ndt/gfh065 Nephrologv
Advance Access publication 19 February 2004 Dia IVSIS
Original Article Transplantation

Intraperitoneal heparin reduces peritoneal permeability and increases
ultrafiltration in peritoneal dialysis patients

: 1.3 - 2 1.3 1.3
Jonas Angel Sjeland . Robert Smith Pedersen”, Jorgen Jespersen =~ and Jergen Gram

®* 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).
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Sjoland JA, et al: NDT 19:1264-8, 2004.
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ORIGINAL ARTICLES

LONG-TERM INTERVENTION WITH HEPARINS IN A
RAT MODEL OF PERITONEAL DIALYSIS

Margot N. Schilte,! Jesus Loureiro,>? Eelco D. Keuning,® Piet M. ter Wee,?
Johanna W.A.M, Celie,! Robert H.J. Beelen,! and Jacob van den Born??

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



Kidney International, Vol 55 (1999}, pp. 667673

Hyaluronan

Hyaluronan decreases peritoneal fluid absorption: Effect of
molecular weight and concentration of hyaluronan

Tao Wang, Hul-Hong CHENG, OLor HEMBURGER, CHI CHEN, JACEK WANIEWSKI,
Jomas BErGsTROM, and BengT LinpDHOLM

Divisions of Baxter Novum and Renal Medicine, Department of Clinical Science, Karolinska Instifute,
Huddinge University Hospital, Stockholm, Sweden; National Instifute of Kidney, Sun Yai-sen University of Medical Sciences,
CGruangzhou, People’s Repablic of China; and Baxiter Healthcare Corporation, McGaw Park, Illinois, USA

4h dwell study in 48 male Sprague-Dawley rats with 1311 aloumin 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)

A Effect of molecular weight of hyaluronan
30

Intraperitoneal volume, mi

B Effect of concentration of hyaluronan
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Fig. 1. Imtraperitoneal volume versos time: Effect of different of molec-
ular weights and concentrations of hyaloronan, Symbols are: () control
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EFFECTS OF INTRAPERITONEAL HYALURONAN ON PERITONEAL FLUID AND
SOLUTE TRANSPORT IN PERITONEAL DIALYSIS PATIENTS

Peritoneal Dialysis International

James B. Moberly," Michael Sorkin,! Andrew Kucharski,! Kristen Ogle,' James Mongoven,! Line
Skoufos,! Lawrence Lin,! Susan Bailey,2 Helen Rodela,? Lou Mupas,2 Aziz Walele,2 Francis Ogrinc,
Darci White,1 Marsha Wolfson,! Leo Martis,! Andrzej] Breborowicz,* and Dimitrios G. Oreopoulos?

Renal Division,” Baxter Healthcare Corporation, McGaw Park, linois, USA: The Toronfo Western
Hospital Toronto, Ontario, Canada, and Poznan Medical School? Poznan, Poland
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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.
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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.

* |n astandard 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
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Original Investigation

Effect of an L-Carmnitine—Containing Peritoneal Dialysate on
Insulin Sensitivity In Patients Treated With CAPD: A 4-Month,

Prospective, Multicenter Randomized Trial .
Mario Bonomind, MD," Loranzo OV Liberato, MD," Goffredo Dal Rosso, MD < E Eo
Anionio Stingone, MD.” Giancarno Marnangeli, MD.* Agostino Consoli, MD,* -
Sitvio Barioli, MDD, Ameadeo De Vecchi, MD,” Emanuale Bosi, MD.T S
Roberto Russo, MD.? Roberio Corcitdo, MD,? L orato Gesuaido, MD.# 3 8
Francesco Giorgino, MD,"® Paolo Carasali MD," ' Augusio Di Castelnuovo, PhD,"* £ 2
AMara Pia Monaco, MD. " Ty Shocklay, ScD,'? Claudia Rossi, PhD, ™ and g £
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PDF induces inadequate CSR in PD
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Addition of Alanyl-Glutamine to Dialysis
Fluid Restores Peritoneal Cellular Stress
Responses — A First-In-Man Trial

Klaus I{ratuchwill"'ia, Michael Boehm', Rebecca Herzng"'ﬂ, Katharina Gruber', Anton
Michael Lichtenauer'?, Lilian Kuster'?, Dagmar Csaicsich', Andreas Gleiss®, Seth

L. Alper®, Christoph Aufricht', Andreas Vychytil®*
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