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SUMMARY

• What are uremic toxins?
• Current (old) vs. new classification
• Prototype molecules and their toxicity
• Classification according to evidence of 

toxicity
• What is the dialysis strategy of 

preference to remove uremic toxins?
• Can we solve everything by making 

dialysis more adequate?

2



04/01/2024

2

• the body = a factory
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energy = oxygen, nutrients

the body = a factory
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energy = oxygen, nutrients

garbage collection =  kidneys, liver, lungs

the body = a factory
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URINE
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UREMIC SOLUTES LISTED

Vanholder et al, KI, 63:1934-1943; 2003

ØSmall water soluble compounds (<500D): 1-Methyladenosine, 1-Methylguanosine, 1-Methylinosine, ADMA, g-
Keto-guanidinovaleric acid, a-N-acetylarginine, Arab(in)itol, Argininic acid, Benzylalcohol, ß-guanidinopropionic acid, 
Creatine, Creatinine, Cytidine, Dimethylglycine, Erythritol, g- guanidinobutyric acid, Guanidine, Guanidinoacetic acid, 
Guanidonosuccinic acid, Hypoxanthine, Mannitol, Methylguanidine, Myoinositol, N4-acetylcytidine, N6-
methyladenosine, Orotic acid, Orotidine, Oxalate, Phenylacetylglutamine, Pseudouridine, SDMA, Sorbitol, 
Taurocyamine, Threitol, Thymine, Uracil, Urea, Uric acid, Uridine, Xanthine, Xanthosine
Ø Protein-bound molecules:  2-Methoxyresorcinol, 3-deoxyglucosone, CMPF, Dimethylguanosine, 
Fructoselysine, Glyoxal, Hippuric acid, Homocysteine, Hydroquinone, Indole-3-acetic acid, Indoxyl sulfate, Interleukin 
1ß, Interleukin 6, Kinurenine, Kynurenic acid, Leptin, Melatonin, Methylglyoxal, N-(carboxylmethyl)lysine, P-cresol, 
Pentosidine, Phenol, Phenylacetic acid, Phenylethylamine, P-OHhippuric acid, Putrescine, Quinolinic acid, Retinol 
binding protein, S-nitrosothiol, Spermidine, Spermine, Thiocyanate, Tumor Necrosis Factor a
Ø Middle molecules (>500D): Adrenomedullin, Atrial natriuretic peptide, ß2-microglobulin, ß-endorphin, 
Cholecystokinin, Clara cell protein, Complement factor D, Cystatin C, Degranulation inhibiting protein I, Delta-sleep 
inducing peptide, Endothelin (ng/L), Ghrelin, Hyaluronic Acid, Interleukin 1ß, Interleukin 6, Interleukin-18, k-Ig light 
chain, l-Ig light chain, Leptin, MC-SF, Methionine-enkephalin, Neuropeptide Y, Orexin A, Parathyroid hormone, 
Retinol binding protein, Tumor Necrosis Factor a

90 uremic toxins
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• Duranton et al, JASN, 23: 1258-1270;  
2012

56 newly reported molecules
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• Matsushita et al, Nat Rev Nephrol, 2022
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RECOMMENDATIONS

• Future studies should focus on correlating solute
concentrations or the effect of interventions on solute
concentration with clinically relevant outcomes and 
outcomes important to patients.

• Ideally, dialysis prescriptions would be tailored to improve
these symptoms and quality of life on the basis of removal
patterns of uremic solutes linked to symptoms and 
outcomes.

• The new classification schema must link uremic symptoms
to traditional clinical outcomes and quality of life 
measures, including prutitus, restless legs and recovery 
time after dialysis

Rosner et al, cJASN, doi: 10.2215/CJN.02660221

KEY CLINICAL OUTCOMES

 - Mortality

 - Cardio-vascular damage

 - Progression of kidney disease

 - Susceptibility to infection

 - Neurologic manifestations

  Cognitive dysfunction
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Vanholder et al, Clin Kidney J, 14, 1719-1730, 2021

PATIENT-
REPORTED 
OUTCOME
MEASURES
(PROMS)
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Vanholder et al, Clin Kidney J, 14, 1719-1730, 2021

• Pain
• Fatigue• Sensory disturbances• Lack of energy• Muscle weakness• Cramps• Loss of appetite• Taste disturbances• Sleep disturbances• Restless legs

PATIENT-
REPORTED 
OUTCOME
MEASURES
(PROMS)
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Rosner et al, cJASN, doi: 10.2215/CJN.02660221
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THE CURRENT 
CLASSIFICATION

The small water soluble compounds
MW: <500 Daltons
Easy to remove with any type of dialysis
Prototype: urea

The protein bound compounds
MW: mostly <500 Daltons
Difficult to remove with any type of dialysis
Prototypes: indoles, cresols

The “middle molecules” 
MW: >500 Daltons
Removable only with large pore dialyzers
Prototype: β2-microglobulin
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THE CURRENT 
CLASSIFICATION

The small water soluble compounds 
MW: <500 Daltons
Easy to remove with any type of dialysis
Prototype: urea

The protein bound compounds 
MW: mostly <500 Daltons
Difficult to remove with any type of dialysis
Prototypes: indoles, cresols

The “middle molecules” 
MW: >500 Daltons
Removable only with large pore dialyers
Prototype: β2-microglobulin

CON
TIN

UUM
!

17

THE NEW CLASSIFICATION

• Rosner et al, cJASN, doi: 
10.2215/CJN.02660221
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OLD VS. NEW CLASSIFICATION

OLD

Small water 
soluble molecules

Protein bound
molecules

Middle molecules

NEW
• Small water soluble molecules
• Small protein bound molecules
• Small middle molecules
• Medium middle molecules
• Large middle molecules
• Large molecules
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OLD VS. NEW CLASSIFICATION

OLD

Small water 
soluble molecules

Protein bound
molecules

Middle molecules

NEW
• Small water soluble molecules
• Small protein bound molecules
• Small middle molecules
• Medium middle molecules
• Large middle molecules
• Large molecules
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“Disruptive” medium cut-off Membranes

Reis et al, J Bras Nefrol, 43, 410-416, 2021
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“Disruptive” medium cut-off Membranes

Reis et al, J Bras Nefrol, 43, 410-416, 2021

MAXIMAL 
ELIMINATION

PORE SIZE 
DISTRIBUTION 

ZERO ELIMINATION
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EXAMPLES 
FROM 
EACH 

GROUP
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SMALL WATER 
SOLUBLE 

COMPOUNDS
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UREA 
INDUCES 
INSULIN 

RESISTANCE

D’Apolito et al, J Clin Invest, 120:203-213; 2010
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SMALL PROTEIN BOUND 
MOLECULES
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LEUKOCYTE ACTIVATION BY P-CRESYL 
SULFATE AND P-CRESYL GLUCURONIDE 

Meert et al, NDT, 27, 2388-
2396, 2012 
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SMALL MIDDLE MOLECULES
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β2-MICROGLOBULIN 
IMPAIRS COGNITIVE 
FUNCTION

• Smith et al, Nat Med, 21:932-939; 2015
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MEDIUM 
MIDDLE 
MOLECULES
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IL-6 AND 
MORTALITY IN CKD
• Barreto et al, KI, 77: 550-556; 2010

31

INTERLEUKIN-6 RECEPTOR BLOCKADE 
REDUCES CARDIOVASCULAR RISK

Swerdlow at al, Lancet, 379, 1214-1224, 2012
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LARGE MIDDLE 
MOLECULES
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FGF-23: MORE 
THAN A SIMPLE 
MARKER
• Faul et al, J Clin Invest, 121: 4393-4408; 2011
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EXAMPLES FROM 
EACH GROUP
• Molecules and effects are examples and not 
exhaustive

GROUP MOLECULES EFFECT

Small water 
soluble compounds

Urea Insulin resistance

Protein bound
compounds

P-cresyl sulfate Pro-inflammatory/
oxidative

Small middle
molecules

Beta-2 microglobulin Cognitive dysfunction

Medium middle 
molecules

Interleukin-6 Pro-inflammatory

Large middle 
molecules

Fibroblast growth
factor-23

Cardiac hypertrophy

35

LARGE 
MOLECULES
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MDA-ALBUMIN INCREASES PRO-
INFLAMMATORY CYTOKINES

Rahman, JACC Bas Translat Med, 4, 480-494, 2019

AGEs Guanidines

SDMA Carbamoyl

….

Other potential ligands

37

CLASSIFICATIO
N BASED ON 
EVIDENCED 
TOXICITY
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CLASSIFICATION BASED ON EVIDENCED 
TOXICITY

Vanholder et al, Toxins, 10, 33, 2018
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WHICH MEMBRANES/STRATEGIES 
TO USE TO OPTIMALLY REMOVE 

TOXINS?
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“Disruptive” middle cut-off Membranes

Reis et al, J Bras Nefrol, 43, 410-416, 2021
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“Disruptive” medium cut-off Membranes

Reis et al, J Bras Nefrol, 43, 410-416, 2021

HEMODIAFILTRATION
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DIFFUSION

43

CONVECTION
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CLASSIFICATION BASED ON EVIDENCED 
TOXICITY

Vanholder et al, Toxins, 10, 33, 2018
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Locatelli et al, JASN, 21:1798-1807; 2010: the “Italian” study
Grooteman et al, JASN, 23:1087-1096; 2012: CONTRAST
Ok et al, NDT, 28:192-202; 2013: the “Turkish” study
Morena et al, KI, 91: 1495-1509; 2017: FRENCHIE

4 RCTs SHOWED NO SURVIVAL 
ADVANTAGE 
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HEMODIAFILTRATION: 
SURVIVAL ADVANTAGE VS. HEMODIALYSIS

Death: 22.8%
HR: 0.7 [0.53-0.92]

Substitution volume: 20.8- 21.8L

ESHOL- trial

Maduell et al, JASN, 24: 487-497; 2013
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MORTALITY HF-
HD VS. HIGH 
DOSE ON-LINE 
HDF

Blankestijn et al, NEJM, 389, 700-
709, 2023

•
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HIGH-DOSE 
HDF vs. HF-

HD
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WHICH MEANS GOOD VASCULAR ACCESS

51
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“Disruptive” MEDIUM cut-off Membranes

Reis et al, J Bras Nefrol, 43, 410-416, 2021
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MIDDLE MOLECULE 
REMOVAL

• Maduell et al, CKJ,  2023, 
https://doi.org/10.1093/ckj/sfac1
67

56
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Nationwide prospective 
cohort study
242,467 patients 
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Nationwide prospective 
cohort study
242,467 patients

Medium cut-off
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ARE DIALYSIS STRATEGIES THE 
IDEAL SOLUTION TO COMBAT 

UREMIC TOXICITY?

59

HIGH-DOSE 
HDF vs. HF-

HD
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Toxins 2022, 14, 221. https://doi.org/10.3390/toxins14030221 
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METABOLISM PRODUCES 
TOXINS BUT ALSO 
BENEFICIAL COMPOUNDS

Vanholder et al,
Toxins, 14, 221, 2022
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https://doi.org/10.3390/toxins14030221
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WHAT IS THE LINK 
WITH DIALYSIS?

63

INDISCRIMINATIVE REMOVAL
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CONCLUSIONS: THERAPEUTIC IMPLICATIONS

RESIDUAL KIDNEY FUNCTION

65

CONCLUSIONS

- Uremic toxicity is provoked by a large 
variety of waste products with variable 
characteristics

- Removal of those compounds became more 
and more efficient over the past decades

- Various types of molecules are all as 
important  to affect body functions

- We may need a change of paradigm, 
focusing on avoiding the loss of essential
metabolites
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BACK-UPS

67

UREA IS ASSOCIATED 
WITH DEVELOPMENT OF 
DIABETES
• Xie et al, KI, 93: 741-752; 2018
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CLINICAL IMPACT OF P-CRESOL

HR 95% CI

Comorbidity score 1.49 1.19-1.86

Malnutrition (SGA) 4.22 2.15-8.29

Free p-cresol 2.28 1.12-4.64

p-Cresol and uremic symptoms

Free p-Cresol and outcome

C

A: De Smet et al. Clin Chem 49: 470-478, 2003
B: Bammens et al. Kidney Int 64: 2238-2243, 2003
C: Bammens et al. Kidney Int, 69: 1081-1087, 2006

B

69

70



04/01/2024

36

THE NEED FOR ULTRAPURE WATER

71

THE ECOLOGIC BURDEN OF KIDNEY 
REPLACEMENT 

Water consumption:
­ Per dialysis session: 400-500 L
­ Per day and dialysis unit (30 patients): 
12,000-15,000 L 

­ Per week: 84,000-105,000 L
­ Per year: 4,368,000-5,460,000 L

Energy waste: individual power need 
doubled per patient

CO2 (greenhouse gas) production

Plastic waste
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RECOMMENDATIONS

Future studies should focus on correlating solute
concentrations or the effect of interventions on solute
concentration with clinically relevant outcomes and 
outcomes important to patients.

Ideally, dialysis prescriptions would be tailored to improve
these symptoms and quality of life on the basis of removal
patterns of uremic solutes linked to symptoms and 
outcomes.

The new classification schema must link uremic symptoms
to traditional clinical outcomes and quality of life measures, 
including pruritus, restless legs and recovery time after
dialysis

Rosner et al, cJASN, doi: 10.2215/CJN.02660221
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