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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.



Wurtzburg, Germany, 1923

instilled saline solutions in 
volumes of

approximately 50 mL

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.

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.



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 mEq/L
 Cl 101 mEq/L
 Ca 4mEq/L
 Mg 1.5 mEq/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.



Na 132-134 mmol/l

K 0-2-4 mmol/l

Ca 1,25-1,75 mmol/l

Mg 0,25-0,75 mmol/l

Cl 95-106 mmol/l
Lactate  

Glucose
35-40 mmol/l

1,36/1,5-3,86/4,25 g/dl
Osmolality 347-486

pH 5,2-5,5

Standard peritoneal dialysis solution

Cytotoxicity
Osmotic agent 
 Cheap 
 Safe
 Effective



Mariano Feriani JNEPHROL 2013; 26( Suppl 21): S76-S82

Wieslander A, et al. PDI 2001;21(suppl. 3):119-124

Low pH

GDPs

Osmolality
Lactate

Cytotoxicity



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

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

Metabolic mechanisms
(glycolytic, fatty acid and 

pyruvate metabolism), 

TGF-beta VEGF

Proinflammatory
cytokines HIF-1a





GDPs

AGEs



A "New" Generation of PD Solutions

Glucose based solutions Alternative osmotic agents

Icodextrin

pH 5.6
Low GDPs 
Iso-osmolar

Amino Acids

pH 6.6
No GDPs 
Glucose free

pH 7.0-7.4
Low GDPs 
HCO3/Lactate

pH 6.3
Low GDPs 
Lactate

pH 7.0-7.4
Low GDPs 
HCO3

Others



Acid 

compartment

Basic

compartment

PARTITION WALL

Calcium 
Magnesium  
Glucose

pH=2.5- 4

Bicarbonate  
Bic/lactate 
Lactate

pH= 6.3 -7.8

Multicompartment bag system



J Perl et al Kidney Int 2011;79:814–824



García-López, E. et al. Nat. Rev. Nephrol. 8, 224–233 (2012)

An update on peritoneal dialysis solutions

Glucose based

Glucosio anidro - monoidrato 1,36 – 1,5

2,27 – 2,3

3,86 – 4,25
Sodio (mEq/L) 132

Potassio (mEq/L)                                                      0

Cloruro (mEq/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

Osmolalità (mOsm/kg) 346-485

pH 7,4



García-López, 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) 

2018

2012



RRF
once follow-up reached 12 to 24 months

Urine Volume
Once the study duration exceeded 12 months

ClCr

wKt/V



Peritoneal ultrafiltration

D/P creatinine ratio

Technique survival

Hospitalisation

Death

Peritonitis



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. 





Kidney International (2018) 94, 419–429

106 peritoneal biopsy samples from 82 children on PD, 
all treated with 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



“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.”

“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.”



Catena principale: legame 1-4
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OO Catena laterale: 
legame 1-6

ICODEXTRIN

Main α (1→4) chain

α (1→6) branch



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).

Corn Starch

Malto-Dextrin

Icodextrin

Enzymatic 
hydrolysis

Membrane 
fractionation



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

Icodextrin use

Long dwell

Dwell Dwell Dwell 
1 2 X

AP
D

nighttime period daytime period

Long dwell day 
dwell

day 
dwell

day 
dwellCA

PD

Icodextrin use

…



Glucose based Icodestrina

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 (mEq/L) 15 40
Bicarbonato (mEq/L)                          25 0
Osmolalità (mOsm/kg) 346-485 284
pH 7,4 5.2

SOLUTION

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.



No significant differences in

 Peritonitis

 Hospitalization

 Technique survival

 Patient survival

 Adverse events (rash)

Y. Cho et al. NDT, 2013

11 trials that enrolled 1222 participants 

Peritoneal ultrafiltration
MD 448.54 mL/day,
95% CI 289.28–607.80, P < 0.01

Episodes of uncontrolled fluid overload
RR 0.30,95%
CI 0.15–0.59, P < 0.01

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

Peritoneal creatinine clearance
SMD 0.36, 95% CI −0.24 to 0.96
P = 0.2



Am J Kidney Dis. 75(6):830-846; 2020

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

Icodextrin-containing PD probably decreased mortality risk compared to 
glucose-only PD (Peto OR, 0.49 [95% CI, 0.24-1.00]; moderate certainty). 

Despite evidence of lower peritoneal glucose absorption with icodextrin-
containing PD (medium-term MD, −40.84 [95% CI, −48.09 to −33.59] g/ long 
dwell; high certainty), this did not directly translate to changes in 
fasting plasma glucose (−0.50 [95% CI, −1.19 to 0.18] mmol/L; low 
certainty) and hemoglobin A1c levels (−0.14% [95% CI, −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.

19 RCTs that enrolled 1,693 participants 



…glucose dehydrogenase enzymatic reaction

Wolfson M. Am J Kidney Dis. 2002;40:1055-1065 García–López E, Lindholm B. Perit Dial Int 2009; 29:370–376

ICODEXTRIN METABOLITES

maltose

icodextrin

www.glucosesafety.com



Soluzioni Aminoacidi (1.1%)

Essential Non essential

Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine

Alanine
Arginine
Glycine
Proline
Serine
TyrosinePhenylalanine  

Threonine 
Tryptophan 
Valine

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

Osm. 365
pH 6.6
latt. 40

glucose free



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



Primary outcome: change in HbA1C

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

VLDL
ApolipoproteinB
Triglycerides

Albumin

Deaths (not solutions related)
Serious adverse events (ECFV expansion)

Secondary outcome







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

Increase triglycerid, gluconeogenesis
Accumulation

Define metabolism?

SGLT2i

Bimodal solutions



Osmo-metabolites are substances
which exhibit both osmotically and metabolically

favorable properties

The “Osmo-Metabolic” approach to PD 
solutions

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 mitochondriaThe 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. Therefore, the possibility to modulate 
the intra-mitochondrial acetyl-CoA pool by 
overexposure of tissues to carnitine, may have 
favourable metabolic consequences toward 
glucose and lipid homeostasis
in insulin resistance and diabetic patients, because 
acetyl-CoA plays a key role in the regulation of 
several important cellular functions such as 
gluconeogenesis, glucose oxidation, protein 
acetylation, and steroid and fatty acid biosynthesis.

 pyruvate dehydrogenase (PDH) kinase involved in metabolism of glucose

oxidation

 pyruvate carboxylation (PC), a pivotal enzyme in gluconeogenesis

 promotion of autophagy

Carnitine

• Mitochondrial b-oxidation of long-chain fatty acids
• Modulation of th acetyl-CoA/free CoA ratio in mitochondria
• Key role in intermediary metabolism

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



Xylitol

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

ELIXIR trial is a randomized, controlled, parallel groups, international multicenter 
study, whose primary objective is the noninferiority of the experimental solution 
compared to a glucose- based low-GDP PD solution with regard to safety and 

efficacy, CAPD over a 6-month treatment period (NCT03994471).



Conclusions

Glucose is effective for UF but it's a devil

More and more elderly, frail, diabetic patients

Importance of preserving the RRF

Cost considerations
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