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/ BACKGROUND

* Protein-bound uremic toxins (PBUTS) are recognized for a
myriad of deleterious effects in HD patients and as potential
contributors towards mortality due to,[1]

x  Cardiomyopathy
x  Cognitive dysfunction
x Inflammation and oxidative stress

« PBUT removal is severely limited due to strong protein-
binding.

o 90-98% bound for the prototypical PBUTs indoxyl
sulfate and p-cresyl sulfate. This results in a low free
fraction of these PBUTs (which determines the
diffusion gradient).

 |Improving the free fraction using binding competitors
(displacers) has improved the ex vivo dialytic removal of

indoxyl sulfate (IS) by ~300%.[2]
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What is the long-term effect of displacer in vivo? We
\ explored this using mathematical model.

/ METHODS

 \We developed a novel mathematical model describing PBUT
kinetics during HD. The model comprises a patient model, a
dialyzer tubing model where the displacer is infused, and a
dialyzer model.

Qdisplacer

gp Cdisplaﬂer
Infusion site to Dialyzer
inlet considered as Plug
: Flow Reactor l QD/N
f : \ x=0
Intracellular Interstitium !Plasma] ?_“f Q”'-FQ“‘SP'ﬂcif ‘
i } Qdisplacer
\_ PATIENT ! ingle fiber
1
Single fiber Magnified
Q- Qy . g g

Cout
* We first tested the model output in a conventional HD setting
and confirmed the model reliability based on correct

estimation of reduction ratio and total removal.
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 The model was then used along with displacer infusion and
accounting for competitive binding. We simulated 4-hr HD
treatments: Q, 250 mL/min, Q4 500 mL/min, initial total IS
conc. 100 umol/L, albumin conc. 4 g/dL, ultrafiltration volume
2.4L, ibuprofen elimination half-life 2 hrs, and Optiflux
F180NR dialyzer with fiber length 23 cm, fiber inner radius
105 um, and 12300 fibers.

 We chose |S with a free fraction of 8% In human plasma.
lbuprofen was chosen as test displacer substance, which is
commercially available for I.v. infusion and binds to the same
primary binding site on albumin as IS (Sudlow site Il), but with
a markedly higher eqU|I|br|um association constant (1.76x10°

\IVI 1vs. 2.26x104 M) [3].

Dialysis. Extracorporeal dialysis: techniques and adequacy.

LTI veiona watesar

Y4

~

/
N

. N\ /
Indooeyl sulfate concentration (M)

RESULTS
Parameter Definition Value
K roxic Albumin-IS equilibrium association constant 2 26x104 M-
Ka gisplacer Albumin-lbuprofen egbm. association constant 1 76x105 M-
Ibuprofen conc. in constant infusion (800
Oin mg/200 mL saline) =2 FDA approved limit A
_ Free toxin/displacer mass transfer coefficient .
KipT 5 Kipp between interstitium and intracellular space [y
Free toxin mass transfer coefficient between .
K. T . - . 300 mL/min
= Interstitium and intracellular space
KoA- . Memprane mass transfer coefficient for toxin 700 ml /min
and displacer
_ Association constant for protein-toxin and 3.7x10°
Ky Ky e . | PR
protein-displacer interaction, resp. M-"min
o2 w/o With
% wf Measure : :
% il Displacer Displacer
“| Reduction
: =l . 42% 63%
: Ratio
: Removal
| 402 484
o (umoles)
’ ¥ 1mEIapan;Et:k}m of dfh‘lll {mf: > =
Long-term kinetics with constant generation rate
| | | | | Total Tﬂn “"FMIT" {orithout d|hm“? | | | |
B[ = e etmniets oy TAG =83 o -
E T 4 N
8
E | | | | | Tmllm" ET“nh?m e dﬁﬂmﬂ | | | | |
3 1007 -
B oL _
k= g

5 B 3

8

........ Fleama conceniration (with Displacer)
== Time average concentration {with Displacer)

q 2 4 7 9 11 14 16 18 21 23 25 28 a0 32 35

Lo ]

Displacer Infusion on Monday only Displacer Infusion on Friday only

mEmEmE Flaama concentration
= Time avarage concantration

TAC =64 sM
Pesk = 78 uM

s Plaama concantmtion
= Time average concantreton

-
o
=]

TAC = 64 uM
Paak = B3 4M

s 8 &8 8 &

7 9 11 14 156 18
Tima{day)

2 4 7 8 11 14 16 18 21 23

Time{day)

21 23/

CONCLUSIONS

Binding competitors can significantly improve the removal of
strongly bound PBUTs.

 Qur in silico simulations suggest a significant improvement of

~20% In total IS removal during a single dialysis session with
displacer infusion.

 Long term displacer infusion reduces the time-averaged

concentration (TAC) from 83 uM in without displacer scenario

to 51 uM In with displacer (~39% drop), and free concentration
from 3.2 to 3.2 uM (~60% drop).

 Displacer infusions Monday vs. Friday are quantitatively

similar, but latter is preferable in a clinical scenario, as it
reduces peak concentrations. Such insights can only be
obtained via a modeling approach. Single session displacer

. .
\ Use results in ~23% drop in TAC. .
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