


Le soluzioni dialitiche: di grande aiuto solo se conosciute a fondo e usate bene.
Quali sono le potenzialita delle soluzioni dialitiche attuali e future?
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1744, physiologist and physicist Stephen Hales joined forces with
surgeon and fellow Englishman Christopher Warrick to lay the
foundation for peritoneal dialysis in humans. They attempted to
treat a 50-yearold patient with ascites by first removing the excess
abdominal fluid from the woman before using a leather tube to
introduce a solution consisting of 50% water and 50% wine into her

abdomen.




instilled saline solutions in
volumes of
approximately 50 mL

Wurtzburg, Germany, 1923

Between 1923 and 1948: 14 different types reported: different concentrations of
sodium chloride and dextrose solutions, Ringer’s, Rhoads’, Hartmann’s two
modified Tyrode’s, “A,” “P/ modified “P”’ solutions, Kolff’s and two unknown.

Of the papers published after World War II, the most important are
considered to be those of doctors Howard Frank, a surgical intern, Arnold
Seligman, trained in chemistry, and Jacob Fine.

The irrigation fluid used was Ringer’s solution
containing glucose, which was later changed to a Tyrode’s solution, in their
search for the right solution.



They improved the irrigation fluid by decreasing the sodium chloride concentration to 0.74% to reduce
the risk of hyperchloremia, added gelatin, and increased the glucose concentration to increase the fluid

tonicity so they were able to control edema.

Bicarbonate was used in the irrigation fluid to combat acidosis. The bicarbonate solution was sterilized

separately and added to the solution before irrigation was initiated.

The dialysis solution was sterilized and administrated from special 20-L Pyrex bottles, which required a

large autoclave and were difficult to manipulate.



1959, Toronto, Canada

The new dialysis solution contained
= Na 140 mEg/L

= Cl101 mEqg/L

= Ca4mEg/L

= Mg 1.5 mEqg/L

= Dextrose 15 g/L

= Lactate 45mEq/L

The lactate was replacing bicarbonate in the dialysis solution,
eliminating the problem of precipitation of calcium salts.
Potassium was excluded from the commercial dialysis solution
because most of the patients with acute renal failure had
hyperkalemia,

but, if needed in patients with low serum potassium levels, it
could be added to one of the 1 L bottles using a hypodermic
syringe.



Standard peritoneal dialysis solution

Osmotic agent
v’ Cheap

v’ Safe

v’ Effective

Na 132-134 mmol/I
K 0 mmol/l

Ca 1,25-1,75 mmol/I
Mg 0,25-0,75 mmol/I
Cl 95-106 mmol/I

Lactate  35.40 mmol/I

Glucose  136/1,5-3,86/4,25 g/d|
Osmolality 347-486

pH 5,2-5,5

Cytotoxicity



Membrana peritoneale

Strutture fondamentali:
Mesotelio: strato superficiale cell
epiteliali piatte spessore 670 nm forma
poligonale ncl ovale poggiate su
membrana basale, presentano microvilli
Interstizio: tessuto connettivo e matrice
MPS, al suo interno fibroblasti,
macrofagi, istiociti

Vasi: capillari, venule, linfatici

Spessore
parietale 0,1-0,2 mm
viscerale 0,05 mm

Superficie: 1,7-2,0 mq

Teitelbaum, NEJM 2021



» Movement of solute from an area of

higher concentration to an area of lower
concentration

Osmosis

* Movement of water from an area of
higher concentration (lower solute
concentration) to an area of lower
concentration (higher solute
concentration)

Convection

* Movement of solute due to dragging
effect of water

Teitelbaum, NEJM 2021



Proinflammatory

. HIF-1a
cytokines

TGF-beta VEGF

Metabolic mechanisms
(glycolytic, fatty acid and
pyruvate metabolism),

impairment of mesothelial cell

viability adverse effects on

leukocyte recruitment
accelerated angiogenesis and vascular
proliferation low-grade inflammation
epithelial-to-mesenchymal transition
fibrosis and thickening of the peritoneal
membrane formation of advanced glycation
end products (AGEs)

partial loss of peritoneal ultrafiltration
capacity fluid retention
left ventricular hypertrophy, heart
failure increased risk of
cardiovascular morbidity

worsening of metabolic and nutritional
problems impaired glucose tolerance, insulin
resistance hyperlipidemia (atherogenic lipid
profile) abdominal obesity

Bonomini et al. Int. J. Mol. Sci. 2021, 22(15), 7955
Garcia-Lopez, E. et al. Nat. Rev. Nephrol. 2012;8:224-233



After 6 years of PD, with sub-mesothelial fibrosis,

Peri | hi hol h inni f PD .
eritoneal histomorphology at the beginning o increased numbers of vessels and vasculopathy

Fusshoeller, Pediat Neph 2008



Fusshoeller, Pediat Neph 2008



Aroeira et al. JASN 2007



Aroeira et al. JASN 2007

Cellula mesoteliale perde i
microvilli, si solleva dalla lamina
propria con iniziale insorgenza di
edema interstiziale e
conseguente deposizione di
materiale collagene.

Inoltre comparsa di vasculopatia
ialinizzante con deposizione
sotto-endoteliale di materiale
ialino che porta distorsione e
obliterazione dei capillari.



Mechanisms of Peritoneal Fibrosis

Terri et al. Front. Immunol 2021



Cytotoxicity

Lactate

Osmolality

Mariano Feriani TNEPHROL 2013; 26( Suppl 21): S76-582
Wieslander A, et al. PDI 2001;21(suppl. 3):119-124



Systemic and Local Impact of Glucose and Glucose
Degradation Products in Peritoneal Dialysis Solution

Yong-Lim Kim, MD, Jang-Hee Cho, MD, Ji-Young Choi, MD, Chan-Duck Kim, MD,
and Sun-Hee Park, MD

Journal of Renal Nutrition, Vol 23, No 3 (May), 2013: pp 218-222



Glucose Degradation Products (GDPs)

|pH dependent formation of 3-DG (3-deoxyglucosone) | .
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A "New" Generation of PD Solutions

Glucose based solutions

U U
pH 7.0-7.4 pH 6.3 pH 7.0-7.4
Low GDPs Low GDPs Low GDPs
HCO3/Lactate Lactate HCO3

Alternative osmotic agents

Icodextrin  Amino Acids Others

pH 5.6 pH 6.6
Low GDPs No GDPs
Iso-osmolar Glucose free



Multicompartment bag system

Calcium
‘ PH=2.5- 4 Magnesium

Glucose

PARTITION WALL

Basic

Bicarbonate
pH= 6.3 -7.8  Bic/lactate compartment
Lactate




Mod from J Perl et al Kidney Int 2011;79:814-824



An update on peritoneal dialysis solutions

Garcia-Lépez, E. et al. Nat. Rev. Nephrol. 8, 224-233 (2012)

Glucosio anidro — monoidrato 1,36-1,5
2,27-2,3
3,86 —4,25
Sodio (mEq/L) 132
Potassio (mEq/L) 0
Cloruro (mEqg/L) 96
Calcio (mmol/L) 1,25-1,75
Magnesio (mEq/L) 0.5
Lattato (mEq/L) 35/0/15
Bicarbonato (mEq/L) 0/34/25
Osmolalita (mOsm/kg) 346-485
pH 7,4




Garcia-Ldpez, E. et al. Nat. Rev. Nephrol. 2012,;8:224-233



42 eligible studies (3262 participants
29 studies (1971 participants) compared neutral pH, low GDP PD
solution with conventional PD solution

13 studies (1291 participants) compared icodextrin with conventional

PD solution

Studies of amino acid-based dialysis fluids were excluded

11 studies (1034 participants)

Peritoneal Dialysis International, Vol. 34, pp. 724-731

0896-8608/14 $3.00 +.00
doi- 10.3747/pdi.2012.00331

Copyright © 2014 International Society for Peritoneal Dialysis

EFFECT OF BEIOCOMPATIBLE PERITONEAL DIALYSIS SOLUTION ON RESIDUAL RENAL
FUNCTION: A SYSTEMATIC REVIEW OF RANDOMIZED CONTROLLED TRIALS
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There is controversy in the literature
regarding the mechanism by which
biocompatible solutions preserves the RRF.

One is a direct beneficial effect of
biocompatible solutions with lower level of
GDP inducing apoptosis of renal tubular
cell.

The other is an indirect effect which comes
from less effective ultrafiltration and
consequent hypervolemia.

Editorial > Nephrol Dial Transplant. 2009 Sep;24(9):2620-2. doi: 10.1093/ndt/gfp313.
Epub 2009 Jun 23.

Preserving residual renal function in peritoneal
dialysis: volume or biocompatibility?

Simon J Davies







106 peritoneal biopsy samples from 82 children on PD, all treated
with neutral pH low-GDP fluids

lacking is a control group of children
treated with conventional solutions

Early peritoneal
angiogenesis : increase of
blood microvessel density

and endothelial surface
exchange

Submesothelial
inflammation leukocytes,
macrophages

EMT cells

Kidney International (2018) 94, 419-429



“Where does this leave clinical practitioners of PD? If they have not been
persuaded to use biocompatible fluids by now, the evidence from the Schaefer
study will strengthen this view. If they have already been using the solutions, it

has been a leap of faith, unsupported by high-level clinical evidence, and this will
continue to be the case.”

“It does suggest that the glucose that is present in both low-GDP as well as
standard fluids is now the best candidate to be the cause of the morphological
changes that occur with both types of solution. The replacement of glucose by

an alternative osmotic agent may be more likely to attenuate these changes
and their functional consequences.”



ICODEXTRIN

CH,OH CH,OH
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FEATURES OF ICODEXTRIN

Gluco-pyranose polymer (glucose chains)

Produced by hydrolysis of starch and fractionation by membrane
separation technique

Distribution of oligopolysaccharides with chains of variable length
Glucose polymer with average MW around 16,000 Da (MW = 12-20
kDa)

Effects ultrafiltration through the numerous small intercellular pores

(reflection coefficient = 1.0).

Membrane
fractionation

Corn Starch

Enzymatic
hydrolysis

Malto-Dextrin

lcodextrin



Net UF (ml)
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UF PROFILE: GLUCOSE vs ICODEXTRIN

ICO 7.5%

Glc 3,86%

Glc 2,27%

Glc 1,36%

6 8 10 12 14 16
Time (h)

Ho-Dac-Pannekeet et al, Kidney Int 1996; 50:979-86
Douma et al, Kidney Int 1998; 53:1014-21



The long dwell
DX
*
nighttime period daytime period
Icodextrin use

DweII DweII DweII

Icodextrin use




SOLUTION

Glucosio 1,36 2,27 3,86 0
Poliglucosio (g/dL) 7.5
Sodio (mEq/L) 132-134 132
Cloruro (mEq/L) 96 96
Calcio (mmol/L) 1,25 1,75
Magnesio (mEq/L) 0.5 0.5
Lattato (mEqg/L) 15 40
Bicarbonato (mEq/L) 25 0
Osmolalita (mOsm/kg) 346-485 284
pH 7,4 5.2

Yamaguchi N, Miyamoto K, Murata T, Ishikawa E, Horiuchi T. Newly developed neutralized pH icodextrin dialysis fluid: nonclinical evaluation. Artif Organs 2016;

40:E158-E166.
Higuchi C, Kuriyma J, Sakura H. Effect of neutral pH icodextrin peritoneal dialysis fluid on mesothelial cells. Ther Apher Dial 2018; 22:656-661.



REFLECTION COEFFICIENTS

Large Pores (3% of pore area)

Glucose 0
Icodextrin 0

Small Pore (95% of pore area)

Glucose 0.05
Icodextrin 1.0

Aquaporins (2% of pore area)

Glucose 1.0
Icodextrin 1.0



REFLECTION COEFFICIENTS

Large Pores{3%-of pore-area)

Glucose 0
Tcodextrin O

Small Pore (95% of pore area)

Glucose 0.05
Icodextrin 1.0

Aquaporins (2% of pore area)

Glucose 1.0
Icodextrin 1.0



OSMOTIC GRADIENTS AT EXCHANGE INITIATION

BIEGIBIEEE- (35,600 mg/L) / 180 mg/mOsm

=214 mOsm/L 1n dialysate (d)
d-p =214 - 5 = HODNNOSINEAGIEH
FISOAREERRHT = 75000 mg/L / 16,000

mg/mOsm = 4.7 mOsm/L 1n dialysate (d)
d-p=4.7 -0 - HOSHIEE



Aquaporins

The reflection coefficient 1s 1.0

The effective gradient is high (209
mOsm/L)

The initial osmotic pressure is
extremely high

(209 x 17=3553 mm Hg).

The above yields UF despite the very
low pore area (2%).

ICODEXTRIN

Although the reflection coefficient is high

(1.0), the effective gradient is very low
(4.7 mOsm/L).

Initial osmotic pressure is low
(4.7 x 17 =80 mm Hg).
Pore area is low (2%).

Minimal UF rate does not decrease
dialysate [Na] hence, no sieving.




WHY ICODEXTRIN SOLUTIONS YIELD UF EVEN
WITH OSMOLALITY LESS THAN THAT OF PLASMA?

The _are mainly involved in transport by _forces,
Transport through the _ is dependent on the _across the

endothelial cells.

Due to its high molecular weight JiCOMEREINISIIKENAONNAUCEICONIOIGIOSMOSIS

This implies that macromolecules are able to induce transcapillary ultrafiltration even in an isotonic or
hypotonic solution.

The process of colloid osmosis is based upon the principle that fluid flow across a membrane that is
permeable to small solutes, occurs in the direction of relative excess of impermeable large solutes, rather
than along a concentration gradient.

Consequently, dialysis solutions containing macromolecules to remove fluid from the body will induce
water transport through the small pore system.

When such a solution is not hypertonic, iiatSRianSpOrWIlIBEINAUCSANhrOUSNINGIItaSalWAteH


















11 trials that enrolled 1222 participants

Peritoneal ultrafiltration
MD 448.54 mL/day,
95% CIl 289.28-607.80, P < 0.01

Episodes of uncontrolled fluid overload
RR 0.30,95%
C1 0.15-0.59, P < 0.01

No significant differences in
> Peritonitis

> Hospitalization

» Technique survival

> Patient survival

> Adverse events (rash)

Residual renal clearance
SMD 0.12, 95% CI -0.26 to 0.49,
P=0.5

Peritoneal creatinine clearance
SMD 0.36, 95% CIl -0.24 to 0.96
P=0.2

Y. Cho et al. NDT, 2013



Ultrafiltration was improved with icodextrin (medium-term MD, 208.92 [95% Cl,
99.69-318.14] mL/24 h; high certainty of evidence), reflected also by fewer episodes of
fluid overload (RR, 0.43 [95% ClI, 0.24-0.78]; high certainty).

19 RCTs that enrolled 1,693 participants

|; moderate certainty).

Despite evidence of lower peritoneal glucose absorption with icodextrin-containing PD
(medium-term MD, -40.84 [95% Cl, -48.09 to -33.59] g/ long dwell; high certainty), this

did not directly translate to changes in fasting plasma glucose (-0.50 [95% Cl,
~1.19 to 0.18] mmol/L; low certainty) and hemoglobin Alc levels (-0.14% [95% ClI,
-0.34% to 0.05%]; high certainty).

Safety outcomes and residual kidney function were similar in both groups; health-
related quality-of-life and pain scores were inconclusive.

Am J Kidney Dis. 75(6):830-846; 2020
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Soluzioni Aminoacidi (1.1%)

Essential Non essential

14.1g (64%) 7.9 g (36%)

His’ridiqe Alanine 9|UCOS€ free
Isoleucine Arginine

Leucine Glycine

Lysine Proline

Methionine Serine

Phenylalanine Tyrosine Osm. 365
Threonine

Tryptophan pH 6.6

Valine latt. 40




Nutrition in patients on peritoneal dialysis
Seung-Hyeok Han and Dae-Suk Han. Nat. Rev. Nephrol. 2012:8:163-175

D



Randomized, Controlled Trial of Glucose-Sparing

Peritoneal Dialysis in Diabetic Patients Secondary outcome
Philip K.T. Li,* Bruce F. Culleton,” Amaury Ariza,* Jun-Young Do,® David W. Johnson,! VLDL 2
Mauricio Sanabria,’ Ty R. Shockley,T Ken Story,T Andrey Vatazin," Mauro Verrelli,** ] ]
Alex W. Yu,™ and Joanne M. Bargman,** on behalf of the IMPENDIA and EDEN Study ApolipoproteinB $
Groups Triglycerides 3
Albumin $
Primary outcome: change in HbAxc Deaths (not solutions related) *
Serious adverse events(ECFV expansion) M

A low-glucose dialysis regimen improves metabolic
indices in  diabetic patients receiving peritoneal

dialysis but may be associated with an increased risk
of extracellular fluid volume expansion,

Thus, use of glucose-sparing regimens in peritoneal
dialysis patients should be accompanied by close

monitoring of fluid volume status.

J Am Soc Nephrol. 2013; 24:1889-1900



Hypertension

J
~

Left ventricular

hypertrophy and dilatation
Y,

~

Uremic inflammation

Malnutrition

Poor Na Removal

NaR PD (mEqg/die)
NaR Ur (mEqg/die)
UF PD (mL/die)
PAS (mmHg)

PAD (mmHog)

Antipertensivi (%)

APD
87186
53.6157
10471640
133.5+18.6

79.8112.4

70

Ortega O et al Am J Nephrol 2001 (modif.)



Uncompensated Compensated
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Undesired
—  metabolic
Concern about consequences?

hypoNa, N J
volume depletion,
hypotension



POTASSIUM

A typical 8 I/day CAPD regimen eliminate approximately 40 mEg/day.

The combination of hypokalemia and malnutrition may result
in a greater incidence of Enterobacteriaceae peritonitis, by
causing impairment in gut mobility, leading to small bowel

overgrowth with colonic flora.

10-58% DP pts

Nolph KD et zl.. 1980



15 patients,

2 manual PD 4-h exchanges with two
isotonic solutions with different calcium
concentration (Ca++ 1.25 vs
1.75 mmol/L).

O plasma Ca++ slightly increased only
when using the Ca 1.75++ mmol/L
solution

[ not induce modifications of clinical
relevance in the QT interval

O even small decreases of K+ were
consistently paralleled by small QT
prolongations



CALCIUM

80% of prevalent PD patients are complicated with vascular
calcification, and more than one third have heart valve
calcification.

Lower iPTH
Similar P

Similar
Peritonitis

Lower Ca tot
Lower Ca 2+
Similar P

Similar
Peritonitis

+C )

ST'T



Icodestrina

Glucosio 0
Poliglucosio 7.5
(g/dL)

Sodio (mEg/L) 132
Cloruro (mEqg/L) 96
Calcio (mmol/L) 1,75
Magnesio 0.5
(mEg/L)

Lattato (mEq/L) 40
Bicarbonato 0
(mEq/L)

Osmolalita 284
(mOsm/kg)

pH 5.2

CAPD e CCPD1 spesso
bilancio pos Ca

Restrict the dose of calcium-based

phosphate binders in CKD patients

Davenport. Journal of Nephrology (2023) 36:1867-1876






QUALE CONCENTRAZIONE DEI SOLUTI

QUALI AGENTI OSMOTICI

QUALE SOSTENIBILITA’






The effectiveness of locally-prepared peritoneal dialysate in the management of
children with acute kidney injury in a south-east Nigerian tertiary hospital

Ngozi R Mbaneto, Samuel N Uwaezuoke, Ugo N Chikam, Ada I Bisi-Onyemaechu,
Uzoamaka V Muoneke, Odutola I Odetunde, Hennetta U Okafor

Department of Paediatrics, University of Nigeria Teaching Hospital Ituku-Ozalla, Enugu, Nigeria.

The fluid was composed of 440 mls of 5% D/W, 60 mls of intravenous 8.4% sodium bicarbonate, and
1000 mls of normal saline to make up 1500 mls of the dialysate and comprising 1.5% dextrose strength
solution. To each 1.5 L. of the reconstituted fluid, 250 IU — 750 IU of heparin was added; a lower dose was
used in cases of thrombocytopenia and/or increased international normalized ratio (INR).

A hypertonic dextrose solution of 2.5% was prepared by substituting 10% D /W for 5% D/W for those with

anasarca. Addition of 20mls of 50% dextrose to each litter of 1.5% or 2.5% increases the strength
by 0.5%.

Intravenous ceftazidime (Fortum) at 125mg/1 (187.5mg in 1500mls) and vancomycin at 20mg/1 (30mg in
1500mls) were added as prophylaxis against the development of peritonitis.

Afii Health Sci. 2022;22(4). 679-685



Bimodal solutions

Increase triglycerid, gluconeogenesis
Accumulation
Define metabolism?

SGLT2i

2-deoxy-glucose

<{——

Modified from Bonomini et al. Int. J. Mol. Sci. 2021, 22(15), 7955



Biochemical and Biophysical Research Communications Volume 693, 22 January 2024,



The “Osmo-Metabolic” approach to PD solutions

Osmo-metabolites are substances
which exhibit both osmotically and metabolically
favorable properties

This approach would ensure
glucose-sparing not only by reducing intraperitoneal glucose
exposure without compromising ultrafiltration, but also by
the independent mitigation of underlying systemic negative
metabolic effects caused by the glucose load, a sort of
bioactive glucose sparing

Bonomini et al. Journal of Nephrology (2021) 34:503-519



L-Carnitine (molecular weight 161.2 Da) is a naturally
occurring compound known to be essential for fatty acid
oxidation in the mitochondria

The presence in mitochondria of the equilibrium enzyme
CrAT, increases acetyl-carnitine production at the
expenses of acetyl-CoA, due to a mass-action effect
driven by the increased L-carnitine concentration.

- Mitochondrial b-oxidation of long-chain fatty acids Therefore, the possibility to modulate the intra-
« Modulation of th acetyl-CoA/free CoA ratio in mitochondria | mitochondrial acetyl-CoA pool by overexposure of tissues
- Key role in intermediary metabolism to carnitine, may have favourable metabolic

consequences toward glucose and lipid homeostasis
in insulin resistance and diabetic patients, because

v pyruvate dehydrogenase (PDH) kinase involved in metabolism of glucose acetyI-CoA pIays a key role in the regulation of several
oxidation important cellular functions such as gluconeogenesis,
v' pyruvate carboxylation (PC), a pivotal enzyme in gluconeogenesis glucose OXidation; prOtein acetylation; and steroid and

fatty acid biosynthesis.

v' promotion of autophagy

Bonomini et al. Journal of Nephrology (2021) 34:503-519



Xylitol is a five-carbon sugar alcohol
(pentitol, molecular weight 151.2 Da)

The potential favourable effects of exogenous xylitol
administration on glucose homeostasis:

- the glycaemic index of xylitol is much lower than
that of glucose

- xylitol is a very poor insulin-secretagogue

- Xy-5-P is an allosteric activator of protein
phosphatase 2A, this results in a rapid increase in F
2,6-P2, activation of phosphofructokinase, thus
activating glycolysis, and inhibiting gluconeogenesis

Bonomini et al. Journal of Nephrology (2021) 34:503-519



Introduce more than one osmo-metabolic
agent into the dialysate with the aim of

achieving a favorable synergetic action.

Bonomini et al. Journal of Nephrology (2021) 34:503-519



On going study




Conclusions

Glucose is effective for UF but it's a devil
More and more elderly, frail, diabetic patients
Personalize therapy

Cost considerations



Le soluzioni dialitiche: di grande aiuto solo se conosciute a fondo e usate bene.
Quali sono le potenzialita delle soluzioni dialitiche attuali e future?
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