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Small water-soluble compounds

Protein-bound compounds

Middle molecules

Listed in the 2003 review by EUTox [5]

I-Methyladenosine
I-Methylguanosine
I-Methylinosine
ADMA
o-keto-5-Guanidinovaleriate
a-N-Acetylarginine
Arabinitol

Argininic acid
Benzylalcohol
-Guanidinopropionate
Creatine

Creatinine

Cytidine
Dimethylglycine
Erythritol
y-Guanidinobutyrate
Guanidine
Guanidinoacetate
Guanidinosuccinate
Hypoxanthine
Malondialdehyde
Mannitol
Methylguanidine
Myoinositol

N N*-Dimethylguanosine
N'-Acetyleytidine
No-Methyladenosine

N°-Threonylcarbamoyladenosine

Orotic acid
Orotidine
Oxalate
Phenylacetylglutamine
Pseudouridine
SDMA
Sorbitol
Taurocyamine
Threitol
Thymine
Uracil

Urea

Uric acid
Uridine
Xanthine
Xanthosine

2-Methoxyresorcinol
3-Deoxyglucosone
CMPF
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroquinone
Indole-3-acetate
Indoxyl sulfate
Kinurenine
Kinurenic acid
Melatonin
Methylglyoxal

N Carboxymethyllysine
p-Cresol
Pentosidine
Phenol
p-OHhippurate
Putrescine
Quinolinic acid
Spermidine
Spermine

Adrenomedullin

Atrial natriuretic peptide
[32-Microglobulin
ff-Endorphin
(-Lipotropin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

DIP I

d-Sleep-inducing peptide
Endothelin

Hyaluronic acid
Interleukin-13"
Interleukin-6"

k-lg Light chain

A-lg Light chain
Leptin®
Methionine-enkephalin
Neuropeptide Y
Parathyroid hormone
Retinol binding protein”
Tumor necrosis factor-oc”



= CVD

# Inflammation

= Polyamines* Uric acid
® Guanidines** ® TMAO

Metabolic Function = ADMA % Oxalate
Infection % Urea carbam comp*
= Neurotoxicity » Cyanate # SDMA
# Insulin Resistance #TMA u Xanthine
= CKD-MBD Hypoxanthine =~ MMA
u Fibrosis DMA 8 Lanthionine
Thrombogenicity m Myocinositol ~ ® 2PY
» Hematology « Ammonia PAG
= AGEs*

u Inflammation
Metabolic Function

= CVD

® Fibrosis

= CKD-MBD

= Neurotoxicity

= Insulin Resistance

» p-Cresyl sulfate

» Indoxyl sulfate
Indole acetic acid

® Kynurenines*

% Phenyl acetic acid

@ p-OH hippurate

= AOPPs*

= Hippuric acid

= Homocysteine

= Quinolinic acid

u CMPF
Thrombogenicity # p-Cresyl glucuronide
Inféction # 0-OH hippurate
= Indoxyl glucuronide
» Hematology Phenyl sulfate
= CVD » B2M ® Ghrelin
¥ Leptin & PTH
» Inflammation " PTX3 = RBP
- ; = Angiogenin = CFD
oo IL-18 = IL-18
» Metabolic Function wiL-6 = TNF-a
g 3 “IL-8 « Endothelin
® Neurotoxicity FGF-23 u IgLC*
Infection RSN e s MCSF
“ Neuropeptide Y = Met-enkephalin
= CKD-MBD Peptide YY ® Resistin
® Insulin Resistance m Adrenomedullin & ANP
B-endorphin g-lipotropin
= PEW CFBa & Cystatin C
Thrombogenicity = IL-10 Orexin A
® Prolactin = Adiponectin

u Hematology

8 Cholecystokinin = Glomerulopressin
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Table 8. Uremic toxins with the highest toxicity score.

Evidence Score: 4 Exp. Score Evidence Score: 3 Exp. Score
p-Cresyl sulfate 7 AGEs 7
B2-Microglobulin 6 Indoxyl sulfate 6
ADMA 5 Uric acid 6
Kynurenines 5 Ghrelin 5
Carbamylated compounds 8 Indole acetic acid b
FGEF-23 3 Parathyroid hormone 5
Interleukin-6 3 Phenyl acetic acid 5
TNF-« 3 TMAO 5
SDMA 2 Retinol binding protein 4
Endothelin 3
IgLC 5
Interleukin-1 3
Interleukin-8 3
Neuropeptide Y 3
Lipids & lipoproteins 2

Exp.: experimental; ADMA: Asymmetric Dimethylarginine; FGF23: Fibroblast Growth Factor-23; TNF-c:
Tumor Necrosis Factor; SDMA: Symmetric Dimethylarginine; AGEs: Advanced Glycation End Products; TMAO:

Trimethylamine-N-Oxide; IgLC: Immunoglobulin Light Chains.
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Table 3. System applied for scoring evidence.

Characteristic Points
1-2 experimental studies showing toxicity 1
>2 experimental studies showing toxicity 2
>25% of retrieved experimental studies showing no toxicity or benefit -1
1-2 clinical studies* showing association with hard outcomes ** 1
>2 clinical studies* showing association with hard outcomes ** 2
>25% of retrieved clinical studies* showing no association with hard outcomes ** or benefit -1

* Observational studies and Randomized Controlled Trials (RCTs); ** Hard outcomes: mortality, cardio-vascular

events, progression of CKD.
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ARTIFICIAL KIDNEY FUNCTION: KINETICS OF HEMODIALYSIS*

By A. V. WOLF, DONALD G. REMP, JOHN E. KILEY, anpo GORDON D. CURRIE

(From the Deportmenis of Physiology and Pharmacology, Biochemistry, and Medicine, Albany
Medical College, Albany, New York)

(Submitted for publication April 9, 1951 ; accepted July 30, 1951)

Widening application of hemodialytic techniques
in experimental medicine and therapy points up a
need for data and theory which reflect the funda-
mental operations of these devices. The following
study contributes to this subject.

METHODS

The artificial kidney of the Albany Hospital used in
our experiments is a 1950 model built by Olson? ac-
. cording to the design of Merrill and his associates (1, 2).
In all in witro studies 26 turns of 23/32" cellophane tubing
were used, providing a dialytic surface area of 21,000 sq.
cm. When various prepared solutions were used in place
of blood for the purpose of analysing rates of exchange
of solutes and water between “blood” and bath fluid, a
reservoir of 10 liters of “blood” was placed in series with
the artificial kidney. The volume of bath fluid at the
onset of dialysis was 100 liters in all studies and was
maintained at 101° F. Essentially constant flow was main-
tained by adjusting the pump to a capacity for returning
fluid to the reservoir which exceeded the actual “arterial”
flow into the cellophane tubing while inflow was kept
at a constant pressure head and regulated by an adjustable
clamp.

Chemical analysis was as follows: urea (3), creatinine
(4), non-protein nitrogen (5), uric acid (6), glucose (7),
sucrose (8), amino acids (9, 10), chloride (11), bicarbo-
nate (12), water (13), phenol red by photoelectric col-
orimetry, and sodium and potassium by flame photometry.
Inorganic phosphate, inorganic sulfate, calcium, and mag-
nesium methods are noted in a previous article (14).

SYMEBOLS

A concentration of a substance in arterial blood or other
fluid entering natural or artificial kidney

a: minute rate at which arterial blood or other fluid enters
natural or artificial kidney

a: a constant equal to (B + b)/B for blood-to-bath trans-
fer

B : volume of bath fluid

b: total volume of distribution of a substance in patient
(or in witro) and in artificial kidney, but excluding bath
fluid volume

B: a constant equal to ak; the slope of the line relating In
(A-U) to time
1 This work was supported in part by a grant from the

U. S. Public Health Service.
2 Edward A. Olson, Main Street, Ashland, Mass,

C: clearance, equal to uU/A

v velocity constant of excretion for natural kidneys;
equal to C/b for no-threshold substances

D: dialysance, equal to uU/(A-U)

d: relative dialysance, equal to D./Dares

A: “change of”

e: base of natural logarithms, equal to 2.718 .

K: a constant representing the total solute content of the
hemodialytic system, bA + BU; equal to bA, for sub-
stances initially absent from bath fluid

k: a constant equal to D/b

n: number of changes of bath fluid during a hemodialytic
procedure

R: concentration of a substance in renal venous blood or
other fluid leaving natural or artificial kidney

S: average concentration of solute throughout the length
of cellophane casing during flow

t: time in minutes unless otherwise specified

U': concentration of a substance in urine from natural kid-
neys, or in bath fluid of artificial kidney

u: minute rate of urine flow from natural kidneys; a value
denoted by B/t in computing rate of solute exchange

V: volume of blood or other fluid contained in a given seg-
ment of artificial kidney excluding bath

x: “a given substance”

INTRODUCTION

During hemodialysis all substances freely filter-
able through the cellophane membrane have thresh-
olds determined conjunctively by the volume and
composition of the bath fluid and by the volume
and composition of the blood and body fluids.
bath fluid is replaced at frequent intervals, any

Y>Ke B IepBOM aHa/IM3e KMHETUKM YIaJIeHVsI IIPOIAYKTOB PETEHLIUN BO
BpeMs nuanu3a B 1951 MouyeBmHa Obla MpuHsATA 32 0Opaserr

e e s e e A0 cellophane surface area. Using the urea di-

fluid acts as if it were a no-threshold subst:
the more so as the frequency of replacemes

greater, Equations which describe the kineti ﬂ]}'ﬁﬂ_ntﬂ as a :I'EfE;'I_'E';‘['I,II::Ej rﬂl,ati"fﬁ diﬂ]:fﬂﬂ.ﬂ:ﬂs h&\fE

excretion in the human kidney have parallel
equations which describe the kinetics of the
ficial kidney.

Under suitable conditions many no-thres
substances in man have rates of excretion w

been determined under various conditions for sev-

v oot 0 0 g ot @erg | non-electrolytes and ions,

In the artificial kidney, rates of excretion ofter
proportional to the concentration gradient between

1062
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ORIGINAL ARTICLE A Correction Has Been Published

Effect of the Hemodialysis Prescription on Patient Morbidity
— Report from the National Cooperative Dialysis Study

E. G. Lowrie, M.D., N. M. Laird, Ph.D., T. F. Parker, M.D., and J. A. Sargent, Ph.D.
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Fig. 3. NCDS outcome results with superimposed Kt/V grid indi-
cates outcome failure was virtually eliminated when Kt/V >0.80
and Kt/V = 1.00 completely separated all three failure groups (2,
4 and 5) from those groups with successful outcome (1 and 3).
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Fig. 4. When Kt/V was superimposed on the NCDS outcome data
it was clear that failure was associated with Kt/V <0.80 and that
the level of BUN could not be used to determine the dose of di-
alysis. A BUN 80 mg/dl could represent very low protein intake
and very low dialysis dose or just the opposite very high intake
and very high dose. Pre = Predialysis.
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Fig. 4. Response to the manipulations during two dialysis treat-
ments. (A) Changes in Qb. The blood flow rate in ml/min is
presented in the figure. (B) Changes in Qd. The dialysate flow rate in
ml/min is presented in the figure.

F. Uhlin et all Nephrol Dial Transplant (2006)






