ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 1981, p. 443-449

0066-4804/81/030443-07$02.00/0

Vol. 19, No. 3

Pharmacokinetics of Cefuroxime in Normal and Impaired
Renal Function: Comparison of High-Pressure Liquid
Chromatography and Microbiological Assays

ROBERT W. BUNDTZEN,' ROGER D. TOOTHAKER,? OLE S. NIELSON,’ PAUL 0. MADSEN,?
PETER G. WELLING,? aANp WILLIAM A. CRAIG'*

Departments of Medicine' and Surgery,® William S. Middleton Memorial Veterans Hospital, Madison,
Wisconsin 53705 and School of Pharmacy, University of Wisconsin, Madison, Wisconsin 53706°

The pharmacokinetics of cefuroxime were studied after a single dose of 750 mg
was given intravenously to each of 21 male volunteers grouped according to their
cteatinine clearances; these clearances were 60 to 120, 20 to 59, and <20 ml/min
per 1.73 m,? respectively, for groups 1 (12 subjects), 2 (4 subjects), and 3 (5
subjects). Cefuroxime obeyed two-compartment model kinetics in all three groups.
Initial serum levels of cefuroxime were approximately 130 ug/ml in group 1 and
2 and 80 pg/ml in group 3. The levels then declined rapidly for 0.5 to 1 h after
injection. After that time, cefuroxime levels declined more slowly, and the
elimination rate became monoexponential. The mean serum half-lives for cefu-
roxime in groups 1, 2, and 3 were 1.7, 2.4, and 17.6 h, respectively. Mean cefuroxime
levels in serum were greater than 8 pg/ml for 3 h in group 1, for 6 h in group 2,
and for 30 h in group 3.  Cumulative 24-h urinary excretion accounted for
essentially 100% of the dose in group 1 and 2, and for 40% in group 3. Urine levels
exceeded the minimal inhibitory eoncentration for susceptible organisms for more
than 12 h in all groups. Cefuroxime distribution characteristics were independent
of renal function. In patients. with creatinine clearances less than 20 ml/min per
1.73 m? doses of cefuroxime needs to be reduced. A microbiological disk diffusion
assay and a high-pressure liquid chromatography assay for cefuroxime yielded
statistically identical results, except for serum levels in uremic patients (group 3).

Cefuroxime, a new cephalosporin antibiotic,
has a broad spectrum of antimicrobial activity
that includes many gram-positive and gram-neg-
ative bacteria which are resistant to some other
cephalosporins (2, 6, 9, 10, 12, 13). Cefuroxime is
resistant to many of the B-lactamases produced
by gram-negative organisms (9, 12).

Cefuroxime pharmacokinetics have been ex-
amined in normal persons, in patients with in-
fections, and in subjects with renal failure (3-5,
7, 11, 14). It has a biological half-life of 1.4 to 1.8
h in normal persons, which increases to approx-
imately 20 h in anuric patients. The volume of
distribution is 12 to 18 liters, and 33% of it is
bound to serum proteins at therapeutic concen-
trations.

We have examined the pharmacokinetics of
cefuroxime in detail in normal subjects and also
in subjects who had renal failure or anuria. All
serum and urine drug levels were determined
with a standard microbiological cefuroxime as-
say and a high-pressure liquid chromatography
(HPLC) assay, and the results obtained by the
two methods were compared.
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MATERIALS AND METHODS

Subjects. Subjects were 21 male patients in the
medical and surgical wards at the William S. Middle-
ton Memorial Veterans Hospital. All subjects gave
informed consent to participation in the study, and all
showed negative skin responses for penicillin allergy.
Subjects were ambulatory but had a variety of medical
conditions, none of which were severe. None of the
subjects had liver disease or infection, or were receiv-
ing antibiotics.

Procedures. The subjects were divided into three
groups according to their normalized creatinine clear-
ances. Groups 1 (12 subjects, ages 46 to 91, weighing
62 to 135 kg), 2 (4 subjects, ages 72 to 84, weighing 58
to 77 kg), and 3 (5 subjects, ages 47 to 75, weighing 60
to 80 kg) had creatinine clearances of =60, 20 to 59,
and <20 ml/min per 1.73 m? respectively. Shortly
after breakfast, each subject received 750 mg of cefu-
roxime, (Glaxo Research Division, Mayer Laborato-
ries, Fort Lauderdale, Fla), dissolved in 20 ml of phys-
iological saline, by infusion into a forearm vein over a
2-min period. Blood samples (5 ml) were obtained
from the contralateral forearm vein immediately be-
fore and serially after the cefuroxime was adminis-
tered. The blood was allowed to clot; serum was ob-
tained after centrifugation and frozen until assayed.
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Urine samples were collected immediately before dos-
ing and quantitatively at intervals of 0 to 2, 2 to 4, 4 to
8, 8 to 12, and 12 to 24 h thereafter, and were frozen
until assayed. Some patients in group 3 were unable
to produce urine.

Cefuroxime assay. The concentrations of cefurox-
ime in serum and urine were determined by both
HPLC and microbiological assays. Serum and urine
were examined in triplicate by a modified microbiolog-
ical disk diffusion method previously described (8).
Antibiotic medium no. 2 (Oxoid Ltd., London, Eng-
land) in phosphate buffer at pH 7.0 was used, and the
indicator organism was Bacillus subtilus ATCC 6633.
Dilution of serum and urine samples into phosphate
buffer at pH 7.0 was necessary for some samples due
to high concentrations of cefuroxime. Serum and urine
standards were prepared in normal pooled serum and
phosphate buffer at pH 7.0. The relationship between
the diameters of the zone of inhibition of bacterial
growth and the logarithm of drug concentration was
linear over the concentration range of 1.5 to 50 pg/ml.

- Assay reproduclblhty was £10%.

Plasma and urine samples were also analyzed by a
modification of the HPLC method of Aziz et al. (1) for
cefamandole. Equal portions of plasma and 60% meth-
anol-0.2 M sodium acetate (pH 5.2) were mixed by

‘blending in a Vortex mixer, and incubated for 2 min at
60°C. Samples were centrifuged 10 min at 3,000 rpm,
and 25 pl of supernatant were injected into an HPLC
system consisting of a Waters model U6K injection
valve, model 6000 A solvent pump and a model 450
variable wavelength detector set at 270 nm. The col-
umn was C,s p-Bondapak, and the mobile phase was
20% methanol-0.01 M sodium acetate, which had been
passed through an HA 0.45-um membrane filter (Mil-
lipore Corp., Bedford, Mass.) and degassed. The flow
rate of the mobile phase through the HPLC system
was 1.5 ml/min.

Urine samples were diluted 1:1 to 1:10 with water,
depending on concentration of cefuroxime, and 25-ul
samples were injected directly into the HPLC. All
‘plasma and urine samples and standard solutions were
prefiltered with an HA 0.45-pm membrane filter (Mil-
lipore Corp.) Plasma and urine standards were pre-
pared by serially diluting to final concentrations of
160, 80, 40, 20, 10, and 5 ug of cefuroxime per ml.

Data analysis. The individual serum profiles of
cefuroxime by both assay procedures were fitted to a
biexponential function of the form of equation 1 (15),

C = Ae™ + Be™ (1)

in which C is the concentration of antibiotic in serum
at time ¢ postdosing, A and B are concentration coef-
ficients, and a and B are rate constants governing the
fast and slow phases of drug loss from serum.

Initial estimates of the function in equation 1 were
obtained by standard curve-stripping procedures. Im-
proved estimates were obtained by nonlinear regres-
sion analysis with the program NREG on a Univac
digital computer (MAAC Nonlinear Regression Rou-
tines, Academic Computer Center, University of Wis-
consin). All cefuroxime concentrations were weighted
according to their reciprocals during the computer
analysis.

Because the observed pattern of cefuroxime loss
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from serum after intravenous dosing is frequently
identified with the pharmacokinetic two-compartment
open model, the computer estimates were further an-
alyzed in terms of the specific constants associated
with this model by means of equations 2 and 3, with
the data obtained by the HPLC assay (15).

D

2 (k- pye” -
c Via= )[(kz Be

3 (b — a)e™™]  (2)

in which
B =0. 5[(’212 + ko + ko) £ ((Ri2 + k21
+ ka)® — 4k ko) 2] 3)

Serum and urine levels of cefuroxime, and also the
parameter values obtained after fitting the cefuroxime
data to equation 1, were compared by assay and pa-
tient group by analysis of variance. The pharmacoki-
netic values subsequently obtained from the HPLC
assay values were also compared by group by analysis
of variance. In any instance where a significant effect
was shown by analysis of variance, differences between
assays and between particular groups were further
examined by paired and unpaired ¢ tests, respectively.

RESULTS

Comparison of assays. The mean serum
and urine levels of cefuroxime at each sampling
interval, as measured by the two assay proce-
dures, are given in Tables 1 and 2. Also given in
Table 1 are the results of statistical comparison
of drug concentrations in serum obtained by the
two assay methods. In groups 1 and 2, the two
assay methods generally gave statistically indis-
tinguishable results. In group 1, the HPLC
method yielded values significantly higher than
those obtained with the microbiological method
at 3 and 8 h. In group 2, the HPLC method
yielded values significantly higher than those
obtained with the microbiological method at 1
h, but lower values at 2 h. The two methods
gave statistically indistinguishable cefuroxime
values in both groups 1 and 2 at all other sam-
pling times. In group 3, however, the HPLC
method yielded serum values significantly
higher than those obtained with the microbio-
logical method at all sampling time except those
at 0, 0.08, and 0.25 h postdosing.

To explain these assay differences, known
amounts of cefuroxime were added to drug-free
sera from two patients each in group 1 and group
3 HPLC assays of all four sera and microbiolog-
ical assays of the two sera from group 1 patients
gave values that were within 6% of the expected
concentration. In contrast, microbiological as-
says of sera from group 3 patients yielded values
that were 22 and 34% less than the added
amount. This difference disappeared when the
sera were reassayed after a 1:5 dilution in buffer.



VoL. 19, 1981 KINETICS OF CEFUROXIME IN RENAL FAILURE 445

Contrary to the results obtained with serum,
. =Y * the two assays gave statistically indistinguisha-
388 I8 & g ble results at all sampling intervals in urine
S - (Table 2).
Serum levels and urinary excretion of
'§ e oo cefuroxime. Mean serum levels of cefuroxime
S| |=|$% % %% obtained by HPLC analysis are shown on a
8 33 % I8 semilogarithmic scale in Fig. 1. In all groups the
3 deh;lsize ;n df::'umg) level? wazr(l:iphasic. The rapid
8 © e~ o p of ce xime loss from serum lasted 0.5
D e Rk % 3 to 1.0 hours postdosing. Cefuroxime levels were
| -~ ©8 &= similar in both groups 1 and 2 during this period,
.g - . with maxlmum valugs of approxim?tely 130 pg/
g o F: ml. occurring immediately postdosing. 'In group
© 1% @ &, . < 3, initial mean serum levels of cefuroxime were
E e =3 R somewhat lower at 80 pug/ml.
S After the rapid phase of drug loss, serum
& S5 02 e cefuroxime levels declined at a slower, monoex-
i b HH .E b § g ponential rate. Thjs_ latter phase was clearly
gl - B = related to renal function. Mean cefuroxime con-
g E - centrations in serum were greater than 8 pug/ml
3 E” 33 wa Eﬁ fo?3hmgroup1,for6hmgroup2andfor30
B 28 8= 8\ h in group 3. o .
2 E) =t 'Un.nary levels of antibiotic were uniformly
g - high in group 1 and group 2 subjects fTable 2),
HER oe ﬁ% % a but by tl}e 12 to 24 h interval collection, {evels
3 2 &8 R & s had declined to 24 and 44 pg/ml, respectlvgly.
g : g Drug levels weire lt;v;er ’Il‘?v grouz)i 3, tl;ut excretlog
. was more prolonged. Two patients in group
TlEl=l3s 53 %3 had levels of 58 and 85 ug/ml during the 24 to 36
3|6 =] =3 28 | h urine collections.
§ - § 4 The cumulative percentage of the cefuroxime
g Y ose recovered unchanged in the urine, as deter-
HEE %5 33 43 [= mined by the HPLC method, is shown in Table
§ 83 88 ¥8 |3 2. Subjects in group 1 and 2 excreted 96% of the
.‘3 _ £ dose within 24 h whereas the mean recovery
5| |eles 33 &3 g from group 3 was 40%. For some individuals in
S S § = - 22 |2 group 3, however, urine collections were not
5 § collected for a sufficiently long period to ensure
2 w|ed =~ % o ‘§ complete recovery of drug. Two subjects with
S S|H § gg H § . creatinine clearances of 1 to 2 ml/min per 1.73
g ® ° g m® excrlelted only 0.6 and 2.9% of the dose during
= 0 to 12 h postdosing.
§ 8] 'ﬁ i 3% % E § Description of serum data by using a
8 °lgd 88 BI |= biexponential function. The mean values (ob-
g g tained by fitting individual data sets from the
§| =135 9 I =23 g two ass(;)l' methods to equfati}?n 1) tu(igethsr witl(;
sS|lax IR 8 | o statistical comparisons of the results obtaine:
3 g between assay methods and between groups, are
g‘ eg X3 o |8 4 summarized in Table 3. From the table it can be
~ B & g b § g8 . seen that the values of all four parameters A, B,
E kel E§% a, and B are independent of the assay procedure.
& " s 8 g g % The overall postdistributive elimipation rate
% g .‘g 3 9 .§§ 3 .g 3|23 '§ constant, B, is group dependent and increases in
ElfEg 58 % BI® °a8 the order of group 3 < 2 < 1. Similarly, the area
S E5e =528 g2 under the serum level versus time curve (AUC)
2. o - Sz % is group dependent, increasing in the order group
;‘-,o' °e 1 < 2 < 3. The AUC value is also assay depen-

dent in group 3, because the HPLC method



446 BUNDTZEN ET AL. ANTIMICROB. AGENTS CHEMOTHER.
TABLE 2. Mean urine concentrations of cefuroxime and standard deviations, as measured by HPLC and
microbiological methods

Concn of cefuroxime in urine (ug/ml) at time (h): % of dose re-
Group Assay covered in
0-2 2-4 4-8 8-12 12-24 urine
1 HPLC 2133 + 1470 982 + 1056 240 + 203 81 + 81 24 + 20 96 + 10°
Microbiological 2024 + 1221 920 + 768 224 + 181 89+ 75 22 + 28
2 HPLC 1831 £ 1995 944 + 446 393 + 90 173 £ 115 44 + 23 98 %1
Microbiological 1504 + 1377 586 + 383 558 + 349 190 £ 172 58 + 48
3 HPLC 236 + 183 301 351 285 + 152 161 + 97 45+ 9
Microbiological 257 £+ 209 225 527 208 + 40 126 + 62

@ Average of two samples.

=100

GROUP I, n=/2

MEAN SERUM CEFUROXIME CONCENTRATION (ug/m
S
I

| 1 L

GROUP LI, n=4

GROUP I, n=5

1 Il 1

L
(6] 4 8 12

1
16 20 24 32

TIME AFTER INJECTION (hours)

F1G. 1. Mean serum levels of cefuroxime as measured by the HPLC assay in groups 1 (Cle = 60 to 120 ml/
min per 1.73 m¥, 2 (CL. = 20 to 59 ml/min per 1.73 m%, and 3 (Cl. < 20 ml/min per 1.73 m%). Each subject
received 750 mg of cefuroxime during 2 min intravenously. Standard deviations of these data are given in

Table 2.

yielded significantly higher values than the mi-
crobiological method in this group. The coeffi-
cients of determination () in Table 3 were not
significantly different between assays.
Pharmacokinetic analysis of serum data.
The pharmacokinetic analysis of the data from
the HPLC assay, according to the kinetic two-
compartment model, is summarized in Table 4.

The distribution rate constant (a), distribution
constants (&2, k21), and also the volume terms
(V,, Vd,,) are independent of renal function in
these patients. The overall elimination of half-
life (¢1/2) and the intrinsic elimination rate (k)
constants and both the renal and serum clear-
ances (Cl,, Cl,) are renal function dependent.
However, Cl, was not reduced to the same extent



TABLE 3. Mean values of the pharmacokinetic parameters A, B, a, *

Group 3

Group 2

Group 1

Variable
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t-test

Microbiological ANOVA®

HPLC
46 (27)

Microbiological
106 (68)

HPLC
105 (64)

Microbiological
102 (48)

HPLC

114 (68)

NC?
NC

NS¢
NS

57 (42)

Groupl1>2>3

P < 0.001 (group)

NS
NC

4.6 (3.7
25 (7)
0.046 (0.024)
0.998 (0.009)
644 (253)

11.3 (9.8)
43 (14)
0.046 (0.021)
0.992 (0.015)
1070 (398)

8.4 (6.8)
37 (11)
0.26 (0.07)

11.2 (7.9)
47 (10)
0.31 (0.09)

10.1 (9.6)
43 (16)
0.52 (0.20)

9.4 (4.7)
42 (8)
0.46 (0.16)

Group1<2<3

0.984 (0.019)
179 (102)

0.997 (0.003)

180 (87)

0.996 (0.004)
105 (39)

0.997 (0.003)

109 (31)

AUC

HPLC > microbiologi-

P < 0.001 (group)
P < 0.025 (assay)

(ug/h per ml)

cal in group 3

= Ae™* + Be™®, in which C is the concentration of cefuroxime in serum at time ¢ after dosing of the coefficients of determination (%), indicating

, and also of the areas under the cefuroxime curves in serum obtained with the HPLC and microbiological methods of analysis

in the three patient groups. Standard deviations are within parentheses.

@ Parameters are from the equation C
the accuracy with which the equation describes the data

KINETICS OF CEFUROXIME IN RENAL FAILURE

¢ AUC, Area under cefuroxime serum profile, as calculated by trapezoidal rule.

5 ANOVA, Analysis of variance.
¢ NS, Not significant.
4 NC, Not calculated.
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as Cl, in severe renal impairment, indicating a
nonrenal contribution to cefuroxime elimination
in these patients. The value of ¢;/25 was 1.7 h in
group 1, 2.4 h in group 2, and 17.6 h in group 3.
These values are similar to those reported by
others (3-5,.7, 11, 14).

Regressions of cefuroxime pharmacoki-
netic values against creatinine clearance.
Regressions of 8, Cl,, Cl,, 1/AUC, and AUC (k1)
against creatinine clearance in all patients are
shown in Table 5. The linear relationship be-
tween B and creatinine clearance (Cl.,) for all 21
patients is shown in Fig. 2. The regression is
highly significant and provides a basic for cefu-
roxime dosage adjustment in uremic patients.
Other regressions are also significant (P < 0.001),
with the exception of the regression of normal-
ized AUC [AUC (k)] against creatinine clear-
ance. This regression yielded a value of only
+0.418, reflecting the negligible effect that renal
impairment has on the distribution characteris-
tics of cefuroxime.

DISCUSSION

This study has examined in detail the phar-
macokinetic parameters of cefuroxime in per-
sons with various degrees of renal insufficiency
and also compared the results of two different
cefuroxime assay methods.

The pharmacokinetics of cefuroxime are sim-
ilar to other penicillins and cephalosporins in
that, after intravenous administration, circulat-
ing drug levels may be described by a biexpo-
nential function utilizing two first-order rate
constants. The overall equilibrium distribution
volume was approximately 0.22 liter/kg and was
not affected by renal insufficiency. Equilibrium
of cefuroxime between serum and tissues was
achieved within 0.5 to 1.0 h, and thereafter se-
rum levels decline monoexponentially at a rate
that was closely related to renal function. The
mean S-phase elimination half-life increased
from 1.7 h in subjects with normal renal function
to 2.4 h in subjects with moderate renal impair-
ment, and to 17.6 h in individuals with severe
renal impairment.

The two assay methods examined gave statis-
tically indistinguishable results, except in the
serum levels of subjects with severe renal im-
pairment, where significantly higher serum drug
levels were obtained by the HPLC assay com-
pared with the microbiological methods. It ap-
pears that some substance in the serum of these
individuals either interferes with the diffusion of
cefuroxime in the disk diffusion method or alters
the sensitivity of the assay organism to cefurox-
ime. This inhibitory effect in serum from uremic
individuals was lost when the sera were diluted
1:5 in phosphate buffer.
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TABLE 4. Mean pharmacokinetic values obtained from analysis of individual data sets obtained by HPLC
assay”

Mean value (standard deviation)

Parameter ANOVA® t-test
Group 1 Group 2 Group 3

t1/2.° (h) 0.16 (0.6) 0.15 (0.19) 0.09 (0.18) NS¢ NC*¢
/26" (h) 1.7 (0.6) 2.4 (0.8) 17.6 (6.1) P < 0.001 1,2<3
kef (h7Y) 1.4 (0.9) 0.9 (0.4) 0.10 (0.07) P <001 1,23
ki (h7') 5.2 (2.9) 7.0 (5.4) 4.9 (3.8) NS NC
kaf (h7") 3.4 (1.6) 3.6 (2.3) 6.4 (6.3) NS NC
V* (liters-kg™") 0.072 (0.31) 0.089 (0.059) 0.14 (0.07) NS NC
Vd.' (liters-kg™") 0.19 (0.04) 0.20 (0.04) 0.27 (0.09) NS NC
CL./ (ml-min-~'.1.73 m?) 96 (38) 50 (7) 13 (7) P < 0.001 1>2>3
CL,* (ml.min."".1.73 m?) 123 (34) 79 (28) 13 (7) P < 0.001 1,2>3
Cl! (ml-min-'.1.73 m?) 128 (43) 82 (29) 5.5 (5.0) P < 0.001 1,2>3
Number of patients 12 4 5

% All values were calculated assuming the two-compartment open model (15) in which serum levels of
cefuroxime are described by equations (2) and (3) (see the text).

® ANOVA, Analysis of variance.

< Half-life of the rapid, distribution component of cefuroxime serum levels, ¢/2. = In 2/a.

9 NS, Not significant (P = 0.05).
¢ NC, Not calculated.

/ Half-life of the terminal, postdistribution component of cefuroxime serum levels, ¢,,25 = In 2/8.
£ First-order rate constant governing transfer of drug from the central compartment to the peripheral
compartment (k:2), from the peripheral compartment to the central compartment (k2:), and for loss of drug

from the central compartment due to elimination (k).

* Apparent value of the central body compartment of the two-compartment open model, expressed as liters

per kg of body weight.

‘ Apparent overall equilibrium distribution volume of cefuroxime, calculated from Vdw = Vi(1 + ki2/k21).

’/ Cl,, Creatinine clearance.

* Serum clearance of cefuroxime, calculated from Cl, =

Vl kelc

!Renal clearance of cefuroxime, calculated from Cl, = (amount of drug voided in urine) + (the cefuroxime
concentration in serum at the midpoint of the urine collection interval). Each recorded clearance value is the
average of two to four determinations in each subject. All clearance values are normalized to a body surface
area of 1.73 m®.

TABLE 5. Regressions of cefuroxime elimination rate constants, renal and serum clearances, reciprocals of
the area under the cefuroxime serum profile and of the normalized area under the cefuroxime serum profile,

against creatinine clearance

Regression Equation n r P
B vs. Cle, Y. = 0.004Y, + 0.056° 21 +0.897 <0.001
ka vs. Cle Y. =0.015Y, — 0.012 21 +0.791 <0.001
Cl, vs. Cl, Y, = 0.940Y, + 19.63 21 +0.877 <0.001
Cl, vs. Cl.. Y, = 1.03Y, + 22.30 21 +0.758 <0.001
(I/AUC) (10*) vs. Cl., Y. =0.85Y; + 14.82 21 +0.895 <0.001
(AUC) (kat) vs. Cl; Y. = 0.57Y; + 91.95 21 +0.418 <0.05

@Y, = parameter being regressed against Cl, Yz = Cle.

The levels of cefuroxime in urine were ade-
quate to treat most urinary tract pathogens re-
gardless of renal impairment. However, due to
the marked dependency of cefuroxime elimina-
tion on renal function, the dosage of this com-
pound should be reduced in severely uremic
patients.

The relationship between B8 and creatinine
clearance (Table 5, Fig. 2) predicts a 12-fold
increase in the cefuroxime biological half-life in
severely uremic patients, compared with nor-
mal individuals (16). The observed B8 values in

patients with creatinine clearance values less
than 40 ml/min fell below the overall regression
line in Fig. 2. However, the differences between
the observed and calculated values for 8 in these
individuals would influence dosage reduction by
only 5 to 17%. This difference is unlikely to be
clinically significant. Further information from
severely uremic patients, with serum sampling
extended beyond the 24 h of this study, is needed
to resolve this.

Our data suggest that, if cefuroxime is admin-
istered at 4-h intervals, no drug accumulation
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Fic. 2. Regression of the elimination rate constant, B, against creatinine clearance in all patients.

will occur in patients with normal or mildly
impaired renal function. However, in severe ure-
mia drug levels are likely to accumulate in serum
to reach levels six to seven times the initial
values after 3 days of repeated dosing. In such
patients the dosage interval should be extended
to 24 h.
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