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Slide 2 Dialysis is the artificial

. . kidney.

Dia |y5IS Conventional hemodialysis
is the most widely used
therapy for renal
replacement therapy and is

« The kidneys eliminate solutes (such as drugs) from the blood into the urine

« Hemodialysis is the most widely used form of renal replacement therapy

* Hemodialysis is based on the diffusive transport of solutes across a semipermeable based on the concept of
membrane o diffusion.

ljeac solute

dialysate \mm\—permeah\e
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Slide 3 The older dialysers were
Evolution of Dialysers concurrent flow were the
blood and dialysate enter
Older
dialvser Modern the dialyser in the same
Y dialyser direction, and recirculating
Concurrent flow Countercurrent flow were the dialysate leaving
recirculating dialyser i single pass dialyser .
o the dialyser enter a tank
Bt 1@1;‘ and recirculated back to the
dialyser.

n

Dialyzer

The modern dialysers are
countercurrent flow, blood
and dialysate enter the
lCB‘D dialysers in opposite

directions and single pass,
meaning the used dialysate
is discarded and replaces
with fresh dialysate.

Dialyzer

Fresh
dialysate dialysate
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Michaels Equation

In 1966, Michaels published a paper on concurrent and countercurrent recirculating
but not single-pass dialysers

Michaels equation predict dialyser CL for any given combination of dialyser surface
are A and diffusion constant K, blood and dialysate flow rates Qg and Qp
Kod(,_U5)
. 1-exp @B\ QD . . .
— Clpi =Qp X — a7 ag Countercurrent recirculating dialyser blood CL
Q_,., 05 \10n)
Qp
In his paper Michaels showed these equations but not the derivations:
— Elimination rate = Qg X (Cg; — Cg) = Qp X (Cp, — Cp;) Mass conservation equation

_ Elimination rate

The equations used by
Michaels to develop his
eponymous equation are
complex. Michaels did not
provide any proof for this
equation and did not claim it
would work for single pass
dialysers. My PhD thesis
contains a proof of the ME
for both re-circulating
dialysers and extends the
proof for single pass

~ Clg,; Conc Clearance dialysers.
— R, =K, XAXACy Intrinsic clearance
— ACy = % Average solute conc difference
In BLD0
Cp,o—C,
B 1 Does Michaels equation apply to single-pass dialysers?
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Dialysis Types | Extra feature |

Hemodiafiltration (HDF)
Diffusion + Convection

Hemodialysis (HD)

Diffusion only

blood dialysate
plus !illrale blood
solute o oe = larger
v 0 N ¥ A58 molecule

*c solute
- <
o2 « net water
movement

small
* molecule
g i solute
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dialysate semi-permeable dislyiate O
dialysis membrane ¥
Up to 500 Da Up to 30000 Da

Principles and Practices 72/59470]

haemodialysis: A solute,
shown dissolved in blood,
moves across the semi-
permeable dialysis
membrane by diffusion, into
the dialysate, with blood
and dialysate flowing in
opposite directions
(countercurrent). The rate of
diffusion is dependent on
the initial concentration in
the blood, the blood flow
rate, the permeability of the
membrane for the solute,
and the dialysate flow rate.

Hemofiltration (convection).
Movement of water across
the more water-permeable
membrane ‘drags’ solute
across, and leads to
production of a filtrate which
contains the solute. Solute
transfer removal is largely
dependent osmotic
pressure but is limited by
hemoconcentration and so
‘pure’ haemofiltration is not
practical without
replacement of fluid.

Hemodiafiltration (HDF).
HDF combines dialysis and
filtration across a semi-
permeable membrane but
uses much larger volumes
of dialysate. Extra ultrapure
water can be added either
pre-dilution or post-dilution
to replace the filtrate. Small
solutes are removed largely
by diffusion whereas larger
solutes (middle molecules)
are removed by convection.
Water removal
(ultrafiltration) is regulated
by varying the volume of
replacement fluid.
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Convection Clearance

Convection volume

Convection flow rate = ————————
f Dialysis duration

. . Convection flow rate
Convection fraction = feony, = 07
Pu

Maximum Plasma unbound Convection CL (without dif fusion) = foony, X Qpy

—CL
Plasma unbound Convection CL (with dif fusion) = feony X Qpy X M
Pu

CLpycony = feonv X (Qpu = CLpyaifs)

(1~ HCT + HCT X f o X Kp)
fup

Qpy=plasma unbound water flow; CLp, qif=plasma unbound diffusion CL, HCT=hematocrit; f,,,=fraction drug unbound in
plasma; Kp=plasma/blood conc

Blood Convection CL = CLg cony = fconv X (@pu — CLpyaiff) X

Convection is the flow of
water with solutes through a
semi-permeable membrane
driven by the
transmembrane

pressure gradient, excluding
plasma proteins and
protein-bound solutes.
Hence, QPu*fconv is the
maximum possible
convection clearance of an
unbound drug.

Converting unbound plasma
convection clearance to
blood convection clearance
requires knowledge of the
HCT, fup and Kp.

Slide 7 The total blood dialysis
. . clearance of HDF is the
HDF Total Blood Dialysis Clearance BN
clearance and blood
Kot(;_0n) convection clearance
. . 1—exp@s Qp
Diffusion CLpgifs = Qp X W
Q—ﬁ —exp QB Qp
Convection CLpyconv = feonw X (Qpy — CLPu,diff)
Koy On)
1—expQ '\ @ (1—HCT + HCT X f, X Kp)
CLB,tot =Qp X w + CLPu,cam} X f
Q_g —exp s “ep up
Slide 8 Dilaysis efficiency is
Di | . Eff ien equivalent to Extraction
1a ySIS icie cy ratio, and can be calculated
iyl R P seoete eI TT 7 0,14 O, by dividing the blood
oS 010, 707
Efficiency is the ratio of output to input clearance with blood flow.
Lo - Qp X Cp, ici Cai
Dialysis Ef ficiency = QX—CO iz'j;lr:: & Coo
g X Cpi ﬁ 9
— QB Mass conservation
CD'D - (CEri - CBO) X E equation Cpi—Cao
Qp X (Cp,i—Cp,) X % o ) )
DE = <D substituting Cp, in the DE equation
Qp X CB,i and simplifying
DE = (€pi=Cpo) Extraction Ratio = Dialysis Efficiency = %

Cp;i
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Aminoglycoside PK during
Dialysis
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Aminoglycosides in
end-stage renal disease

* Empiric treatment for gram negative infections

* Dosing recommendations:
Single reduced (J - %) dose at the end of dialysis

* Achieves lower peak concentrations but higher trough
concentrations compared to patients with normal renal
function
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Amikacin concentration (mg/L)

[
o
o

Amikacin PK profile
Normal renal function vs ESRD

Acceptable range:

AUC = 210-360 mg/L*h
Peak (0.5 h after infusion )= 45-60 mg/L

(o]
o

§ AUC =258 mg/L*34h

60 :peak=53 mg/L
40 AUC =151 mg/L*24h
20 peak =30 mg/L
0 : :
0 Dialysis 6 12 18
Time (h)

—Normal Renal Function 15 mg/kg every 24 hours —ESRD 5 mg/kg post dialysis

24

A simulation of amikacin
given once daily (15mg/kg)
to a patient with normal
renal function, versus a 5
mg/kg post dialysis to a
patient with end stage renal
disease. In the simulated
patient with ESRD, the AUC
and the peak (measured
half an hour after the end of
infusion) are not with the
acceptable range.
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Aims and Methods

* Aims:
— How much does amikacin CL differ between HD and HDF?

— Can the normal renal function concentration vs time profile be emulated in
dialysis patients?

— Should current dosing recommendations be changed for HDF?
* Methods:

— Single center prospective study in adult chronic dialysis patients receiving
amikacin undergoing either HD and HDF
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Results
* Data: ol
) 2 40-
— 20 patients §35_
— 30 occasions £301
— 188 observations § 255 )
8 204
* Model: g8 et =
151 2 .
— Distribution: 2 compartments § o
£ 10+
— Dialysis CL: Michaels HD + HDF * sf
— Covariates: o= == _ i
. 0.0 05 1.0 18 20
* Cartridge type Time after start of dialysis (h)
* Coagulation in the dialyser
o Nosanione) & 3% 7 (o)
== Median (Sim) -~ 0% Pi (Sim)
Slide 14

Dialysis Efficiency and Clearance

Parameter HD HDF HDF/HD %
Blood flow, Qp (L/h) 18 21 17%
Dialysis Efficiency, DE = CZ—" 0.74 0.92 20%
Blood CL, CLg; = DE X Qg (L/h) 13.3 19.3 45%

Clearance not Dialysis Efficiency is used to determine the dose

Dosing rate = CLg; X Concentrationg

DE for HDF is 24% higher
than HD. The change in CL
is much bigger (45%) than
the change in DE because
of the additional increase in
dialyser blood flow.
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Proposed Dosing

Acceptable ranges:
AUC = 210-360 mg/L*h

Peak (0.5h after inf end) =45-60 mg/L

HD Trough = 4-15 mg/L HDF
Renal Dose Dose AUC Peak | Trough Renal Dose Dose AUC Peak | Trough
Function | (mg/kg) | timing (h) |(mg/L*h)| (mg/L)| (mg/L) Function | (mg/kg) | timing (h) |(mg/L*h)| (mg/L) | (mg/L)
1 15 0 258 54 0.4 1 15 0 258 54 0.4
0 20 0 279 48 8.7 0 35 0 336 49 10.4
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Amikacin concentration (mg/L)
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—RF=115mg/kg —RF=020mg/kg

200

Amikacin concentration (mg/L)

—RF=1Time=0 15mg/kg —RF=035mg/kg

12
Time (h)

16

Simulated alternative
dosing.

To achieve AUC, peak (half
an hour after the end of
infusion) and trough levels
within the acceptable range,
20 mg/kg is required for HD
and 35 mg/kg for HDF. In
clinical practice lower doses
may be warranted.
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Conclusions

* The Michaels equation can be applied to countercurrent single

pass dialyser and combined with convection clearance

* We propose rational dosing regimens of amikacin for both HD

and HDF

* Our framework can be applied to model other drugs on HD and

HDF
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Thank you for listening

Laila.nassar@gmail.com




