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Middle Molecule Removal and
Its Clinical Importance
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Table 1. Main known Uremic Retention Solutes

Small water soluble solutes

Protein-bound solutes

Middle molecules

Asymmetric dimethylarginine
Benzylalcohol

B ~Guanidinopropionic acid
B —Lipotropin

Creatinine

Cytidine

Guanidine

Guanidinoacetic acid
Guanidinosuccinic acid
Hypoxanthine
Malondialdehyde
Methylguanidine
Myoinositol

Orotic acid

Orotidine

Oxalate

Pseudouridine

Symmetric dimethylarginine
Urea

Uric acid

Xanthine

3-Deoxyglucosone
CMPF
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroguinone
Indole-3-acetic acid
Indoxyl sulfate
Kinurenine
Kynurenic acid
Methylglyoxal
N-carboxymethyllysine
P-cresol
Pentosidine

Phenol
P-OHhippuric acid
Quinolinic acid
Spermidine
Sperimine

Adrenomedullin

Atrial natriuretic peptide

B 2-Microglobulin

B ~Endorphin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

Degranulation inhibiting protein 1
Delta-sleep-inducing peptide
Endothelin

Hyaluronic acid

Interleukin 148

Interleukin 6

Kappa-Ig light chain
Lambda-Ig light chain
Leptin
Methionine-enkepahlin
Neuropeptide Y

Parathyroid hormone
Retinol binding protein
Tumor necrosis factor alpha

CMPF is carboxy-methyl-propyl-furanpropionic acid
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Table 2. Middle Molecules

Solute Cn Cc Cwmax MW Group
Adrenomedullin ng/L 13.2*=4.6/17 41.81+19.7/29 81.2 5729 Peptides
Atrial natriuretic peptide ng/L 28.0+122/23  202.0+117.3/27 436.6 3,080 Peptides
A 2-microglobulin mg/L. <20 55.017.9/10 10000 11,818 Peptides
B ~endorphin ng/L <173.3/10 301.5/22 492.0° 3,465 Peptides
Cholecystokinin ng/L <20.0 45.9+32.3/38 131.5° 3,866 Peptides
Clara cell protein (CC16) mg/L <0.1 3.3+2.0/112 125" 15800 Peptides
Complement factor D mg/L. 1.9+£0.5/5 19.8+T4.1/5 260" 23,750

Cystatin C mg/L <16 11.8+£3.0/112 20.00 13,300 Peptides
Degranulation inhibiting protein 1’ 1g/L 321.7+59.7/23 713.77+390.0/125 1,631.4° 14,100 Peptides
Delta-sleep inducing peptide lg/1. - 1.5+0.9/7 3.3 848 Peptides
Endothelin ng/L 20.8+3.8/23 63.0+33.2/12 129.4 4,283 Peptides
Hyaluronic acid 1g/I. <124.0/86 215.0+1257.0/184 1,8430" 25,000 Peptides
Interleukin-13 ng/L <160.0/15 42801 134.0/29 1,700.0 32,000  Cyvtokines
Interleukin-6 ng/I. 13.3+3.1/28 92.31117.9/230 328.1 24500  Cyvtokines
k-Ig light chain mg/L 34.0+15.0/15 70.01+60.9/104 287.0° 25000 Peptides
A-Ig light chain mg/L 31.0t11.2/15 87.0160.9/104 32807 25,000 Peptides
Leptin 1g/1. 8.4+6.7/56 72.060.6/8 490.0° 16,000 Peptides
Methionine-enkephalin ng/L <18.3/10 32.2/22 755" 555 Peptides
Neuropeptide Y ng/L <80.0 64.91255/19 1159 4,272 Peptides
Parathyroid hormone lg/L <0.06 1.2+0.6/10 2.4 9,225 Peptides
Retinol-binding protein mg/L <80 192.0=78.0/112 369.2° 21,200 Peptides
Tumor necrosis factor- ¢ ng/L 13.3 +3.0/28 114.0 ¥ 147.0/230 408.0 26,000  Cytokines
Abbreviations © Cy, normal concentration; Cr, mean/median uremic concentration; Cyax. maximal uremic

concentration;, MW, molecular weight

The underlined numbers behind the slash point to the number of data on which the means or medians have
been obtained No underlined number indicates that no data about the number of samples were available. No
number indicates that no n value was given. Normal values are reported as mean SD, or in the case of a
single value as a maximum (accompanied by ); uremic values are reported as mean SD or, in the case of a
single value, as a median.

"Cuax values are original data (all other values were calculated as mean 2 SD based on Cy:)

"Degranulation inhibiting protein I corresponds to angiogenin
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Table 3% 21},
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o] #& BEY At
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Table 3. Clinical Conditions Beneficially Affect-
ed by the Application of Large Pore
(High Flux) Membranes

Effect probable (1) Effect possible (2)

B2-M amyloidosis Anemia

Cardiovascular morbidity Hyperlipidemia

Susceptibility to infection Nutritional status
Peripheral nerve function

Residual renal function

(1) at least one controlled study in favor, no con-
trolled studies in disfavors (2): controlled studies
both in favor on neutral, or only non-controlled
studies in favor
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Fae 4 = oly Y ot} (,arbon—J e sorption device”’} BsM, angiogenin, retinol-bind-

= xud z}ﬂ- oju Al Eu)
Fa% Ve g s AL 8459
elt}h. Charcoal hemoperfusion®l 93l 25-Hydroxy-
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44 gAeko]l 292 Z-& 9 arsenic, cobalt, chro-

mium, selenium 3% #& 7F ALET AF AHAH
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Table 4. Percentage of LMWP Removal During HFD Alone and HFD Combined with the BetaSorb
Hemoadsorption Device

Removal with HFD, % Removal with CRx, % p
B 2-Microglobulin -33.9+186 ~706+10.3 <0.05
Angiogenin -19.2+36.1 -49.8110.7 <0.001
Leptin -0.25+37.3 -30.9+27.0 0.02
RBP +16.31+36.1 =37.7+7.2 <0.001
IL-18 -6.41 154 -15.218.1 <0.001
Complement factor D 23 57 preliminary data

CRx: Combined HFD and BetaSorb,

RBP : retinol-binding protein

Table 5. Sorbent System Available to Augment the Efficiency of Dialysis

Manufac-

Potential or

System Sorbent Advantage Disadvantage defined
turer indication
Hemoperfusion Carbon Augments removal of Platelet and WBC Various Uremia,
((Generic) (Conventional) creatinine, uric acid, low losses. No removal poisoning
end middle molecular of water, small
weight toxins: poisons molecular weight
with (e.g.aluminum, iron) uremic toxins. No
or without (e.g. removal of low
phenobarbital} chelating molecular weight
agents proteins
BetaSorb Non-ionic resin  Improved low molecular No removal of RenalTech Uremia,
device weight protein removal water, small sSepsis,
(e.g. B2-microglobulin), molecular weight liver
and reductions in leptin, uremic toxins failure
TNF, IL-1, IL-6, IL-10,
retinol binding protein,
angiogenin
Lixelle device Cellulosic bead Improved low molecular Platelet and WBC Kaneka Dialysis
with ligands weight protein removal losses. No removal related
(e.g. £ 2 microglobulin). of water, small amyloidosis

Symptomatic improvement
in dialysis related
amyloidosis

molecular weight
uremic toxins
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