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Summary. The impact of nonlinear plasma protein
binding of a drug on its removal by haemodialysis
has been quantified. Prednisolone 10-100 mg was
given 1.v. to 10 renal transplant patients on haemo-
dialysis for acute tubular necrosis. Dialysate and af-
ferent and efferent blood samples were collected si-
multaneously in 67 instances. Total and unbound
prednisolone in plasma and its total concentration in
blood and dialysate were assessed by high perform-
ance liquid chromatography and equilibrium dialy-
sis. The amount of prednisolone lost, as measured di-
rectly in the dialysate (21.8 + 4.4 pg/min, X = SE),
was predictable from the afferent-efferent blood
concentration differences (20.1 + 4.8 pg/min), but
not from measurements of total afferent-efferent
prednisolone concentrations in plasma (13.1 +
3.0 ug/min). The amount of prednisolone lost in the
dialysate increased linearly with unbound (# = 0.96)
and hyperbolically with the total prednisolone con-
centration in plasma. The latter hyperbolic relation-
ship is adequately described by the equation for non-
linear plasma protein binding, using the affinity and
capacity constants of albumin and transcortin for
prednisolone (# = 0.98). Thus, the haemodialysis
clearance of total prednisolone is concentration-de-
pendent, while the clearance of unbound predniso-
lone is constant (76 ml/min). Free clearance values
or measurements of afferent-efferent blood concen-
trations are mandatory for a drug showing nonlinear
plasma protein binding in order to predict the
amount lost in the dialysate.
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nisolone; clearance, renal transplant, free clearance,
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Renal transplant patients often undergo haemodia-
lysis for acute tubular necrosis following transplan-
tation. The purpose of the present study was to deter-
mine the effect of haemodialysis on the plasma level
of prednisolone, which has not been previously de-
tailed [1, 2}. Prednisolone exhibits nonlinear plasma
protein binding [3, 4, 5], and the influence of nonli-
near plasma protein binding of an agent on its remo-
val by haemodialysis and the appropriate technique
to assess this behaviour have not previously been
described. This is of interest because an increasing
number of drugs and hormones have concentration-
dependent plasma protein binding in the therapeutic
range [6-12].

It is reasonable to assume that assessment of
changes in the half-life of a drug with nonlinear plas-
ma protein binding is of little value in providing a
guide to dosage adjustment, since determination of
half-life is dependent both on clearance and volume
of distribution. The latter parameters are not con-
stants, but are a function of the plasma concentration
for agents exhibiting nonlinear plasma protein bind-
ing [4, 5]. Haemodialysis clearance values calculated
from dialysate flux and total plasma concentrations
[13] are considered useful constants in predicting
drug loss into the dialysate. However, these con-
stants may become a complicated function of the
binding parameters relating free to total plasma con-
centration, if the free concentration of a drug in plas-
ma changes as a function of the total concentration,
since only the free drug is expected to diffuse from
plasma water into the dialysate. Clearance values
calculated from dialysate flux and unbound plasma
concentrations on the other hand may be concentra-
tion-independent constants, and may be useful,
therefore, in predicting drug loss into the dialysate.
If, for technical reasons, drug cannot be measured in
dialysate, the amount removed of a drug with nonli-
near plasma protein binding must be calculated on
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Table 1. Prednisolone dose administered, mean rate of loss of prednisolone during haemodialysis, mean free fraction and volume of dis-

tribution of prednisolone

Patient Prednisolone ‘Mean loss of prednisolone in haemodialysis Mean free Volume of
dose i istri
Percentage Amount/min [pg/min] fraction ?1stnbu—
of dose/h _ ron
total by dif- by ultra-
fusion filtration
[mg] [mg/kg] Zo Znai Zpy [I/kg]
I 50 0.67 2.3 19.2 17.5 1.7 0.367 0.59
11 50 047 23 193 17.5 1.8 0.397 0.46
] 120 2.10 2.6 51.2 49.3 19 0.476 1.15
v 100 1.15 2.1 351 31.9 32 0.496 0.85
v 50 0.75 3.1 26.1 23.3 2.8 0.348 0.78
VI 40 0.56 1.8 12.0 10.5 1.5 0.300 0.60
VII 80 0.98 23 30.0 269 3.1 0.344 0.89
VIII 80 1.12 2.7 36.4 30.8 5.6 0.391 1.08
X 10 0.23 35 59 5.6 0.3 0.320 0.55
X 20 0.25 1.4 4.5 43 0.2 0.338 0.75
1000 . :
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Fig. 1. Semilogarithmic plot of the following different concentra-
tions of prednisolone [ng/ml] versus time over the dialysis period
for Patient I: plasma in = afferent plasma concentration {Cpy),
plasma out = efferent plasma concentration (Cp,); blood in = af-
ferent blood concentration {Cg,), blood out = efferent blood con-
centration (Cge); free plasma in = free concentration in afferent
plasma (Cpgpreo), free plasma out = free concentration in efferent
plasma (Cperree) and dialysate = dialysate outlet concentration

the basis of blood flow and afferent-efferent concen-
tration differences, using whole blood concentra-
tions rather than plasma concentrations. This is be-
cause the concentration-dependent changes in dis-
tribution of the drug may not permit accurate mass
balance consideration on the basis solely of plasma
levels.

afferent and efferent blood, using a high perform-
ance liquid chromatography and recently developed
equilibrium dialysis method [14, 15].

Material and Methods

The present study comprised 10 renal transplant pa-
tients on haemodialysis for acute tubular necrosis.
The dialyzer used was the C-DAK, 1.8 m? (Cordis
Dow Corp., Miami, Fla., USA), the delivery system
was the Centry II (Cobe Laboratories Inc., Lake-
wood, Colo., USA). The amount of prednisolone ad-
ministered to the patients is given in Table 1. The to-
tal amount of exogenous glucocorticoids adminis-
tered on the study day was identical with that pre-
scribed by the physician treating the patient; only the
route of administration was changed, i.e. intrave-
nous instead of the usual oral dosing was instituted.
Informed consent was obtained from all patients ac-
cording to a protocol approved by the Committee on
Human Research of the University of California,
San Francisco, USA.

On the study day the dose of prednisolone was
administered 20 min prior to beginning dialysis treat-
ment. Before prednisolone was injected, a venous
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blood sample was collected. Simultaneous samples
of dialysate, afferent and efferent blood were collect-
ed 10, 20, 30, 60, 90 and 180 min after dialysis was
started, and immediately before it was discontinued
(Fig.1).

The haematocrit of all afferent and efferent
blood samples was determined twice and the arith-
metic mean used in further calculations. The total
concentration of prednisolone in whole afferent and
efferent blood and plasma, as well as in the dialysate,
was determined by high performance liquid chroma-
tography [14]. Equilibrium dialysis of all plasma
samples was carried out to quantify the concentra-
tion of unbound prednisolone as previously de-
scribed [15, 16].

Data Analysis

Estimates of the loss of prednisolone were obtained
1) by directly measuring prednisolone in the dialy-
sate and 2) by calculating differences in the afferent-
efferent concentrations in blood or plasma:

1) The total loss of prednisolone at each sam-
pling time point (Zpy), as directly measured in the
dialysate, was calculated as:

ZDtot = QD . CD: (1)

where Qp, is the flow of dialysate, and Cp, the pred-
nisolone concentration in the dialysate. The value of
Qp was obtained by directly measuring the dialysate
flow. In the ,,Results” section, the loss of predniso-
lone is given in “ug”, while plasma concentrations
are given in “ng/ml”. The mean total loss of predni-
solone calculated for the entire haemodialysis period
(Zpro) Was obtained from the following equation:

thot - t —t

SQDcym, b)
where t; is the first sampling time point after com-
mencement of haemodialysis, and t, is the last sam-
pling time point before haemodialysis was discon-
tinued. The integration was performed by the linear
trapezoidal rule [17]. For each sampling time point,
the volume of ultrafiltration (Qg) was calculated as:

Qe = Qs (1 - 1), G)

a

where Qy is the efferent blood flow and H, and H.
are the haematocrit values in afferent and efferent
blood, respectively. Equation 3 is derivable from
mass balance considerations of the red blood cells
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crossing the haemodialysis machine. Assuming that
only free prednisolone from the afferent plasma
(Cparree) is ultrafiltrable, the amount of prednisolone,
lost by ultrafiltration (Zp,) is obtained as follows:

Zpy = Chakree - QB <“ - 1> “)

The mean amount of prednisolone lost by ultrafiltra-
tion (Zp,) in the course of the entire haemodialysis
period was calculated according to the following
equation:

7

| Crree- Qu (= 1)t

t

5 1
Du tz—t1

Subtracting from the total loss of prednisolone in
the dialysate (Equ.2) the amount lost by ultrafiltra-
tion (Equ. 5) gives the mean amount of prednisolone
lost in the dialysate by diffusion (Zpgy).

Dialysis clearance values (Cl) were obtained by
dividing the amount of prednisolone lost in the dia-
lysate by diffusion by the total afferent concentration
of prednisolone in blood (Clp) or plasma (Clp), or by
the free prednisolone concentration in plasma
(ClFree)-

2) The loss of prednisolone (c) at each sampling
time point was calculated from the afferent-efferent
blood concentrations (Z.g) using the following equa-
tion:

ZcB = QB (CBa - CBe)- (6)

The corresponding mean value for the entire haemo-
dialysis period (Zp) is:

53 t

(VCm-dt—§Cp-a). @

t 4

7o =
cB QB tz_tl

Analogous calculations (Z.p, Zp) were performed
using the afferent-efferent plasma concentrations of
prednisolone:

Zep = Qp(1 — He) (Cpp — Cpo) &)

t ts
pa- Hy () Cr-dt— § G- at).
t ty
©
From the plasma concentration of prednisolone and

its coefficient of partition (K) between red blood
cells and plasma (Lee et al. [18]), the loss of predniso-

cP_QB
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Ione at each sampling time point (Z.px) and in the

entire haemodialysis treatment period (Zpk) were
calculated:

Zepy = QB (1 — H. + KHe) (CPa - CPe) (10)

Za = Qu ¢ (1 = He + KHY)

H—
ty

(i Cra - dt = § Cp. - d). (1)

t

K was obtained by dividing the concentration of
prednisolone in red blood cells by its concentration
in the corresponding plasma.

The nonlinearity between the amount of predni-
solone lost by diffusion, as measured directly in the
dialysate (Zpg), and the total concentration of pred-
nisolone in the afferent plasma (Cp,; Equation 14;
Fig.6) was fitted by means of the equation derived
for nonlinear protein binding of prednisolone. The
nonlinear protein binding of prednisolone may be
expressed by the following equation [5, 22]:

b

— CAPT : CPaFree CAPA : CPaFree

KDt + CraFree * KDy ’ (12)
where b is the concentration of prednisolone bound
to transcortin (T) and albumin (A); CAPy, KD,
CAP, and KD, are the binding capacities and disso-
ciation constants of transcortin and albumin, respec-
tively, and Cpapree is the concentration of free pred-
nisolone.

The free concentration was derived from Equ.
(12) by substituting Cp, — Cparree fOr b and solving
for Cpaprec: i.€.

CPaFree =

Cpa— CAPr—M-KD¢+ (Cp,— CAPr—M-KDy) +4M KDy Cp, (13)
2M K

where M = 1 + (CAPA/KDa,).

The diffusional loss of prednisolone in the dialy-
sate (Zpg) as a function of the total prednisolone
concentration and of the affinity and capacity con-
stants is:

Zpar=Clpree
Cp,— CAPy—M-KDy+ \/(7Cpa—~ CAPr—M-KDy)+4M-KD¢-Cp, (14
ZM )

The binding parameters for prednisolone CAPr,
KDr and CAP,, KD, were estimated for the entire
population (Fig.6) by nonlinear least squares regres-
sion with unit weighting (# = 0.98) (Multifun [23]).
The value of CAP, was estimated using a molecular
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weight of 66 500 for albumin [24}, and the mean albu-
min concentration (39,5 g/l) measured in plasma
from the patient. The non-compartmental volume of
distribution of prednisolone was calculated [19, 20].
The ratio of the area under the plasma concentration
— time curve of unbound prednisolone to the area
under the plasma concentration — time curve of total
plasma prednisolone concentrations was used as a
time-averaged measure of the fraction of plasma
prednisolone not bound to plasma protein (mean
free fraction).

Statistical analysis employed the rtest for paired
observations [21].

Results

The mean total loss of prednisolone calculated for
the entire dialysis period (Zpyy) ranged from 4.5 ug/
min to 51.2 pug/min (Table 1). The total loss of pred-
nisolone rose with increase in the dose of predni-
solone administered (Zp [ug/min] = 25.5 x dose
[mg/kg] + 2.82; r = 0.96, p < 0.001; Fig.2). During
a 1 h period of haemodialysis, the total loss of pred-
nisolone (+ SD) was 2.4 & 0.6% of the dose of pred-
nisolone administered (Table 1). The percentage loss
of prednisolone did not increase as a function of the
dose of prednisolone administered (r = 0.10; p >
0.05; Fig.3).

The predominant mode by which prednisolone
was lost in the dialysate was diffusion (Table 1), i.e.
91.1 + 3.7% (X + SD) of the total loss. The loss of
prednisolone by diffusion increased with the dose of
prednisolone administered (Zpg; [ng/min] = 24.2 x
dose [mg/kg] + 1.74; r = 0.97, p < 0.001; Table 1);
the loss of prednisolone by diffusion, expressed as a
percentage of the dose administered, did not in-
crease as a function of the dose of prednisolone ad-
ministered (r = 0.09, p > 0.05).

The mean free fraction of prednisolone in plasma
calculated for the entire haemodialysis period
ranged from 0.3 to 0.5 (Table 1). The free fraction in-
creased as a function of the dose of prednisolone ad-
ministered (free fraction = 0.086 x dose [mg/kg] +
0.306; r = 0.74, p < 0.05; Fig.4). The volume of dis-
tribution of prednisolone was calculated both for to-
tal and unbound prednisolone. Only the volume of
distribution of total prednisolone (Table 1) increased
with the dose of prednisolone (volume of distribu-
tion [l/kg] = 0.343 x dose [mg/kg] + 0.486; r =
0.83; p < 0.01; Fig.5; Table 1).

The measured amount of prednisolone lost by
diffusion (Zpai), expressed as a function of the un-
bound prednisolone concentration in the afferent
plasma (Cpyrree), yielded a straight line (Fig.6): Zpgi
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Prednisolone in dialysate (lLg/min)
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Fig.2. For each patient the mean total loss of prednisolone (Zpy)
calculated for the entire dialysis period (y-axis) is plotted against
the administered dose of prednisolone (x-axis). The loss of pred-
nisolone increases with increasing dose of prednisolone (r = 0.96,
p < 0.001). The regression line is indicated by a solid line
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Fig.3. Prednisolone loss in dialysate versus dose of prednisolone
administered. The mean amount of prednisolone recovered in the
dialysate in the course of a 1 h period of haemodialysis is ex-
pressed as a percentage of the dose of prednisolone administered
(y-axis). The fraction of the dose lost in the dialysate is independ-
ent of the dose of prednisolone administered

[ug/min] = 0.076 X Cppe. [ng/ml] — 0.031; r =
0.982; p < 0.001. The slope of the line, 76 ml/min, is
the mean free clearance value for the entire popula-
tion investigated. The unbound clearance (Clg,.) did
not change as a function of the total prednisolone
concentration in plasma, as shown in the upper part
of Fig.7; in none of the 10 patients was there a signi-
ficant increase or decrease in the unbound clearance
as a function of the plasma prednisolone concentra-
tion. However, the clearance values obtained by as-
sessing total plasma concentrations (Clp, lower part
of Fig.7) or blood concentrations (Clg, results not
shown) of prednisolone increased significantly (p
ranged from < 0.05 to < 0.001) with increasing
plasma concentrations of prednisolone in 8 out of
10 patients. In the remaining 2 patients, i.e. Patients I
and IX, a similar but non-significant tendency to in-
crease was observed.
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Fig.4. Plot of mean free fraction of prednisolone versus the dose
of prednisolone administered. The fraction of prednisolone not
bound to plasma protein increases as a function of the dose of
prednisolone administered (r = 0.74, p < 0.05)
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Fig.5. Plot of volume of distribution of prednisolone versus dose
of prednisolone administered: with increasing dose the volume of
distribution increases (r = 0.83, p < 0.01)

The nonlinearity between the amount of predni-
solone lost by diffusion and the total concentration
of prednisolone in plasma (Fig.6) was fitted by
means of the equation derived for nonlinear protein
binding of prednisolone (Equ.14). The following
constants were obtained: capacity of transcortin
(CAPy) 38.1 ug%, capacity of albumin 20790 ug%,

affinity of transcortin ( ) 2.9 x 10° ﬁ, and af-

1
KDy
L
T3 100 =,
Jon-w g

finity of albumin ( K]I)A

Estimates of prednisolone loss in the dialysate
were obtained by direct measurement of predniso-
lone in the dialysate, or by calculating the loss from
the afferent-efferent plasma or blood concentration
differences (Table 2). The results obtained by direct
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Fig. 6. Amount of prednisolone lost by diffusion (y-axis) versus the unbound (straight line) or total (curved line) concentration of predniso-
lone in plasma (x-axis). Patients: 1O, LA, I, IVG, VO, VI A, VIIE, Vi, IX %, X%
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Fig.7. On the x-axis the total concentration of pred-
nisolone in the afferent plasma (Cp,) is shown. On
the y-axis of the upper and lower parts the free
plasma clearance (Clgy) and total plasma clear-
ance (Clp) are shown, respectively. With an increas-
ing plasma concentration of prednisolone the total
plasma clearance increases, whilst that of unbound
prednisolone clearance do not. The same symbols
are used as in Fig.6
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Table 2. Mean loss (*+ SE) of prednisolone [ug/min] by diffusion
as measured directly in the dialysate (Zpq) and as calculated from
the differences between afferent-efferent concentrations in plasma
without (Z,p) and with (Z,»x) allowance for partitioning, or as cal-
culated from afferent-efferent concentration differences in blood

(ZCB)

Patient Measured Calculated by concentration
differences
Plasma  Plasma Blood
corrected for
partitioning
Zpg; Zep Zep Zey
I 17.5 15.5 17.6 17.5
11 17.5 9.3 11.3 20.8
1Tt 49.3 339 45.6 56.8
v 319 20.8 254 27.1
v 233 9.7 111 15.2
VI 10.5 10.1 11.8 121
VII 269 12.4 16.8 17.5
VIII 30.8 149 17.7 26.7
IX 5.6 12 1.2 34
X 43 2.8 35 38
X 21.8 131 16.2 20.1
SE 4.4 3.0 4.0 4.8

measurement of prednisolone in the dialysate have
been taken as the true reference values (Table 2, co-
lumn “Zpg”). The results calculated from the affer-
ent-efferent concentration differences and blood
flow (Table 2, columns Zp, Zpk and Z.g) must be
compared with the diffusional loss (Zpg;) and not
with the total loss (Zp,;) of prednisolone, because
the equations (Equs.7, 9 and 11) used for the calcula-
tion do not take account of loss by ultrafiltration,
since afferent blood flow and efferent blood flow are
considered to be identical'. Calculation of the mean
loss of prednisolone by diffusion on the basis of af-
ferent-cfferent plasma concentration differences
without considering partitioning of the drug into red
blood cells (Z.p) underestimated the loss by about
40% in all patients (Table 2). If, in addition to the af-
ferent-efferent plasma concentrations, the partition-
ing is included in the equation (Z.pg), the mean un-
derestimate of the amount of prednisolone lost was
reduced from 40% to 25% (p < 0.01; Table 2). Affer-
ent-efferent blood concentration differences (Zep)
give a better prediction of the amount of predniso-
lone lost than do plasma levels, with or without cor-
rections for partitioning (Table 2). Calculations
based solely on afferent-efferent blood concentra-

! Equations (7,9 and 11) may be used to calculate the total loss by
adding a term which accounts for ultrafiltration, giving Equ. (4)

!

tion differences underestimate the loss of predniso-
lone by only §%.

Discussion

The most direct technique to assess blood water
clearance is to divide the amount of an agent lost
each min into the dialysate by the plasma or blood
inlet concentration [13]. The clearance values ob-
tained from dialysate flux incorporate both diffu-
sional loss and convective transport by ultrafiltration
[13]. The fraction lost by ultrafiltration is very de-
pendent on the pressure gradient across the dialyzer,
and changes rapidly within and between patients.
The impact of nonlinear plasma protein binding on
the removal of prednisolone by diffusion can only be
adequately described, therefore, when the fraction
lost by ultrafiltration is not included in the clearance
calculations. Accordingly, the fraction lost by ultra-
filtration was subtracted from the total amount of
prednisolone lost into the dialysate by means of Equ.
4).

For most drugs and endogenous compounds the
haemodialysis clearance value is a constant, which is
independent of the total concentration in plasma.
Thus, the concentration-independent and therefore
rate-independent clearance value of these substances
is useful information with respect to the capacity of a
haemodialysis machine to remove them from the cir-
culation {13, 25]. Prednisolone, however, exhibits
concentration-dependent clearance, i.e. its clearance
is a function of the actual plasma concentration, and
so its clearance and plasma concentration must be
considered as interdependent variables. The latter
clearance values are only useful information when
they are given together with the actual plasma con-
centration of the cleared substance, as shown for the
clearance values obtained using total plasma con-
centrations of prednisolone (Fig.7).

The metabolic clearance rate of the majority of
agents exhibiting concentration-dependent kinetics
decreases with increasing plasma concentration, as a
consequence of enzyme system saturation [26, 27]. In
humans, however, the metabolic clearance rate of
prednisolone increases as its total plasma concentra-
tion increases [4, 5]. Similarly, the haemodialysis
clearance of prednisolone increased with an increas-
ing total plasma concentration of prednisolone
(Figs.6, 7). The underlying mechanism of the con-
centration-dependent metabolic clearance of pred-
nisolone in humans is not known. One possible ex-
planation of the concentration-dependent metabolic
clearance rate of total prednisolone is the non-linear
plasma protein binding of prednisolone in humans,
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i.e. the free fraction of prednisolone in plasma in-
creases in a non-linear fashion with increasing total
plasma concentration of prednisolone. Assuming
that the liver or the haemodialysis machine remove
only the free fraction of prednisolone, then the total
plasma concentration of prednisolone will be a de-
terminant of the total metabolic or haemodialysis
clearance rate. The concept that the nonlinear plas-
ma protein binding of prednisolone in humans is re-
sponsible for its concentration-dependent metabolic
clearance rate is supported by the previous observa-
tion that dogs who exhibit virtually no nonlinear
plasma protein binding of prednisolone, do not
show an increase in prednisolone clearance as total
concentration of prednisolone in plasma is increased
[15].

The theory that in humans nonlinear plasma pro-
tein binding of prednisolone determines the meta-
bolic clearance rate, assumes that the passage time of
blood through the liver capillaries is too short for
complete dissociation of the drug from transcortin or
albumin and for diffusion to the liver cell. If, for the
same reason, the haemodialysis clearance were con-
centration dependent, it would be predicted that 1)
the clearance of unbound prednisolone would be a
plasma concentration-independent constant, as
shown in Fig.6; and 2) the nonlinear relationship be-
tween the total prednisolone concentration in plas-
ma and the amount of prednisolone lost per minute
could be adequately described by the equation for
nouiinear plasma protein binding (Equ. 14). Our da-
ta (Fig.6) fit that equation; the value of the transcor-
tin capacity and the values of the affinity and capaci-
ty of albumin for prednisolone derived for the entire
population are within the range observed in stable
renal transplant patients, and the value for the affini-
ty of transcortin for prednisolone is slightly too low
[5]

There are 3 possibilities to explain why these af-
finity constants are relatively low: 1) Data from dif-
ferent patients were pooled (Fig.6). Thus, part of the
overemphasized nonlinearity may be the result of in-
terpatient differences in prednisolone binding. 2)
The affinity values used above in the comparison
were obtained from patients not on haemodialysis
and so might be different [5]. 3) From Equ. (14)
which relates total concentration to diffusional loss,
numerically accurate constants can only be obtained
if the entire free moiety from afferent plasma was re-
moved by the passage through the dialyzer. How-
ever, as the removal of free prednisolone by simple
passage through the machine is incomplete, the va-
lues of the affinity constants are expected to differ
from those derived from conventional in vitro pro-
tein binding studies.
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As shown previously [4, 5], and as depicted in
Fig.6, the free fraction of prednisolone increased
with increasing plasma concentration of predniso-
lone. Therefore, as the concentration of predniso-
lone in plasma rises, a relatively larger fraction of the
total concentration will be lost into the dialysate as a
consequence of non-linear plasma protein binding
(Fig.6). Interestingly, the fraction of the dose of
prednisolone administered which is lost in the dialy-
sate does not increase as the administered dose of
prednisolone is increased (Table 1; Fig.3). This is
due to the smaller fraction of the total body predni-
solone content entering the dialyzer, as a conse-
quence of the increased volume of distribution with
increasing dose of prednisolone (Table 1; Fig.5).
Thus, prednisolone exhibits concentration-depend-
ent haemodialysis clearance, but concentration-
independent fractional removal of the dose
(Table 1).

Few studies have been reported in which actual
measurements have been made in blood and dialy-
sate as well as in plasma to show experimentally the
inaccuracy of certain clearance measurements [13,
18]. The present study has demonstrated that dialysis
loss, calculated using afferent-efferent differences in
plasma concentrations, underestimates the true loss
of prednisolone into the dialysate. That was as ex-
pected, since for an accurate mass balance the drug
in dialysate, in plasma and in red blood cells must all
be considered. When concentrations of prednisolone
were assessed in whole blood, satisfactory predic-
tions of the loss of prednisolone in the dialysate
could be made (Table 2). The predictions were less
accurate when based on the partition coefficient,
blood flow and afferent-efferent plasma concentra-
tions. The latter method assumes that the partition
coefficient measured is representative of the parti-
tion coefficient of blood actually equilibrating with
dialysate in the haemodialysis machine. This may
not be true, as there is an equilibration period of
several minutes before the partition coefficient can
be assessed, due to the lag-time between blood col-
lection and centrifugation; the equilibration period
really available in the dialyser, however, lasts for on-
ly a few seconds.

In this kinetic study in 10 patients, 7%-17.5% of a
dose of prednisolone was removed during a 5 h dia-
lysis period. We suggest that dosage regimen adjust-
ment may not be necessary for patients undergoing
chronic haemodialysis. To predict the amount of a
drug with nonlinear plasma protein binding lost in
the dialysate, it is mandatory to know afferent-effer-
ent whole blood concentrations and not plasma con-
centrations, either alone or combined with the parti-
tion coefficient. Haemodialysis clearance of such a
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drug is concentration dependent, when calculated
from total concentrations in plasma, and is concen-
tration-independent when calculated from the of
free concentrations.
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Abbreviations Used

Chg, = Afferent blood concentration [ng/mil]

Cpe = Efferent blood concentration [ng/mli]

Cp = Dialysate concentration [ng/ml]

Cpy = Afferent plasma concentration [ng/mi]

Copafree = Free concentration of prednisolone in afferent

plasma [ng/ml]
Chpe = Efferent plasma concentration [ng/ml)

CAP, = Binding capacity of albumin [ug %]

CAPy = Binding capacity of transcortin fug%]

Clg =Blood clearance [ml/min]

Cliree =Free plasma clearance [ml/min]

Clp =Plasma clearance [ml/min]}

H, = Haematocrit in afferent blood

H. = Haematocrit in efferent blood

K = Partition coefficient between red blood cells
and plasma

KDy = Dissociation constant of albumin (%)

KD+ = Dissociation constant of transcortin (%)

Qs = Blood flow [ml/min]

Qp = Dialysate flow [ml/min)]

Qr =Flow of ultrafiltrate [ml/min]

t = First sampling time point after haemodialysis
started

t = Last sampling time point before haemodialysis was
discontinued

Zpyg, = Loss of prednisolone in the dialysate by diffusion
[ug/min] (“Z” indicates calculated for each sampling
time point)

Zoai = Mean loss of prednisolone in the dialysate by
diffusion [ug/min] (“Z” indicates calculated for
the entire haemodialysis period)

Lo = Total amount of prednisolone recovered in the
dialysate [ug/min]

Zow = Mean total amount of prednisolone recovered in
the dialysate [ig/min]

Zny = Loss of prednisolone in the dialysate by ultra-
filtration [ug/minj

Zo, =Mean loss of prednisolone in the dialysate by
ultrafiltration [ug/min]

Zep = Amount of prednisolone lost in the dialysate

calculated from afferent-efferent blood
concentrations [ug/min]

Zes = Mean amount of prednisolone lost in the dialysate
calculated from afferent-efferent blood
concentrations fjig/min]
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Zyp = Amount of prednisolone lost in the dialysate
calculated from afferent-efferent plasma
concentrations [ug/minj

Zep = Mean amount of prednisolone lost in the dialysate
calculated from afferent-efferent plasma con-
centrations [pg/min]

Zepx = Amount of prednisolone lost in the dialysate
calculated from afferent-efferent plasma
concentrations corrected by the partition coefficient
[ug/min}

Zerk =Mean amount of prednisolone lost in the dialysate
calculated from afferent-efferent plasma concen-
trations corrected for the partition coefficient

[ug/min]
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