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Summary 

The pharmacokinetics of cefadroxil were studied in 15 subjects divided into 3 
groups: healthy volunteers, patients with terminal renal impairment in interdialysis 
sessions and patients with terminal renal impairment undergoing hemodialysis 
sessions. 

The serum levels of the antibiotic were determined by a microbiologic plate 
diffusion method using Bacillus subtilis (ATCC no. 6633) as the test organism. 

Renal impairment causes a decrease in the elimination rate of the antibiotic. The 
serum half-life has a value of 1.20- 0.21 h in the healthy volunteers, 26.56 -+ 8.00 h 
in patients in interdialysis periods and 2.45 - 0.72 h in patients undergoing hemodi- 
alysis sessions. 

Hemodialysis partially restores absorption and elimination of cefadroxil to levels 
which approach those established in healthy volunteers. 

Introduction 

Cefadroxil is a semi-synthetic cephalosporin destined for oral use whose chemical 
structure is 7-[D-(-)-a-(4-hydroxyphenyl)-acetamidol-3-methyl-3-cephem-4- 
carboxylic acid. Its antimicrobial spectrum is similar to that of other oral cepha- 
losporins and is effective against Gram (+ )  and Gram ( - )  germs frequently 
associated with respiratory tract infections (Santella et al., 1979), genito-urinary tract 
infections (Santella et al., 1978) and infections of the skin a~d soft tissues (Cordero, 
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1976). Several clinical studies have shown its efficacy in various infectious processes 
and the scarcity of side-effects, wifich are limited to nausea, vomiting and abdominal 
pain. does not make it necessary to discontinue treatment (Paul et al., 1977). 

When administered orally, more than 80~ of th~ antibiotic dose is absorbed 
(Lode et ai., 1979) and the kinetics the antibiotic follows are not dose-dependent 
(Mariflo et al., 1980). The antibiotic is not metabolized within the body and is 
principally excreted via the kidney, high concentrations being found in the urine 
(Buck et al., 1977). Cutler et al. (1979) studied the pharmacokinetics of cefadroxil in 
patients with varying degrees of renal impairment, establishing the following rela- 
tionship between the elimination constant of the antibiotic and the creatine clearance: 

K,.{h .-, I) = 0.06 + 0.008 Clc , (ml /min /m 2); r = 0.920 

The purpose of the present study is to elucidate the effect of hemodialysis on the 
pharmacokinetics of cefadroxil in patients with terminal renal impairment. 

Mmerials and methods 

Patients with normal renal function (NRF) and with terminal renal impairment in the 
interdialysis period (TRI) 

Five healthy volunteers were included in the study with ages ranging between 19 
and 22 years and weights between 56 and 73 kg. Their serum urea and creatinine 
concentrations were the following: Ur = 43.40 4- 5.55 mg/dl:  Cr = 0.64 -4- 0.14 mg/dl.  
Creatinine clearances were greater than 110 ml/min. 

The clinical characteristics of the patients with TRI in the interdialysis periods are 
shown in Table 1. 

In all cases the patients received a single oral dose of cefadroxil (one 500 mg 
capsule of cefadroxil monohydrate). Blood samples were withdrawn at the following 
times: (a) patients with NRF; 0 (immediately before administration of the antibio- 
tic). 0.5, i.0, 2.0, 2.5, 3.0, 4.0, 5.0 and 6.0 h; (b) patients with TRI; 0, (see above), 0.5, 
1.0. 2.0, 3.0, 4.0. 8.0, 12.0, 24.0 and 48.0 h. 

Blood samples were centrifuged and the plasma separated and frozen at - 2 0 ° C  
until analysis. 

TABLE | 

Clm/cal characteristics of the patients with renal impairment during interdialysis periods 

Patients Age Sex Weight U r e a  Creatinine 
(years) (kg) (mg/dl) (mg/'dl) 

Creatinine 
clearance 
(ml/min) 

S.M.G. 64 M 64.0 110 I ili 
L.MM 68 M 53.5 87 4,.7 
A.E.F. 55 F 59.5 262 I !.7 
B.M.S. 60 M 62.5 82 10.7 
M.P.B. 18 F 39.5 160 6.7 

<1 
<5 
<5 
<5 
<5 
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Patients undergoing hemodialysis (TR1 x) 
The study also included 5 patients with TRI (creatinine clearance < 5 ml/min) 

undergoing hemodialysis sessions lasting 4 h. 
The clinical characteristics of the patients in this group are shown in Table 2. In 

all cases the patients icc,~ived a single oral dose of cefadroxJl (one 500 mg capsule of 
cefadroxil monohydrate) just at the beginning of the hemodialysis session. 

Blood samples were coJlected at the input and the outpul of the dialyzers (arterial 
and venous blood) at the following times: 0, (see above), 0.25, 0.50, 0.75, 1.00, i.50, 
2.00, 3.00 and 4.00 h. Serum was separated by centrifugation and stored at - 2 0 ° C  
until analyzed. 

Hemodialysis was performed using a plate dialyzer with 25 blood compartments, 
a 13.5/~m thickness Cuprophan membrane and a working membrane surface area of 
1.5 m 2 (Gambro Lundia, Rahms, Lurid). The average blood flow rate was 230 ± 27 
ml/min. Ultrafiltration of fluid from the blood during transit through the dialyzer 
was negligible and did not influence the venous concentrations of cefadroxil. 

Assays 
The determination of the antibiotic was carded out using a microbiologic plate 

diffusion method with Bacillus subtilis (ATCC no. 6633) as the test organism. 
Standard curves of cefadroxil in pooled human serum were prepared with known 

concentration values. Repeated analyses of standard solutions indicated that the 
precision of the technique, expressed as the relative standard deviation, was 7~ or 
less. The lower sensitivity limit was established at 2/~g/ml. All assays were repeated 
at least 4 times. 

Pharmacokinetic analysis 
Following oral administration, serum levels of cefadroxil follow a single- 

compartment open kinetic model. The pharmacokinetic parameters corresponding to 
this model were calculated according to the equations of Gibaldi and Perrier (1975) 
and Wagner (1975) using a programmable Hewlett-Packard 97 calculator. 

The evaluation of the efficiency of hemodialysis was calculated from the phar- 
macokinetic parameters of cefadroxil and from the Conditions under which dialysis 
was carried out, using the following equations (Takki et al., 1978): 

E . C . =  CA - Cv 
CA 

where E.C. represents the extraction coefficient of the antibiotic and C A and C v are 
the arterial and venous blood concentrations of the antibiotic. 

CI  D = B F × E.C. 

CI D being dialysis clearances and B F the blood flow used. The amount of antibiotic 
remaining in a dialysis session (At) is: 

C1 s + C ]  d 

A t = D × e  ~ x ,  

where D represents the amount of antibiotic administered, Cls is the serum clearance 
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of the antibiotic, ~. is the duration of the hemodialysis session and V d represents the 
apparent distribution volume. 

The dialysis half-life (t a/2 D) represents the time necessary for the elimination by 
dialysis of half the amount of the antibiotic remaining in the organism, and is 
derived from: 

t t / 2  D =  
0.693 × ~ 

CI s + CI d 

Results ~md discussion 

Subjects with normal renal function (NRF) and with terminal renal impairment during 
interdia!ysis periods (TRI) 

Administered orally, cefadroxil follows a single-compartment open-kinetic model. 
Fig. 1 shows the average serum level curves obtained from individuals with NRF 

and from patients with TRI during interdialysis periods as defined by the following 
equations: 

C = 38.194 x e -0 '542×t - -  60.674 X e -  l7°4Xt(NRF) 

C = 25.527 × e -0 '029xt  - - 4 1 . 8 7 0  × e -  l"l~Xt(TRI) 

The average values of the pharmacokinetic parameters obtained from the individ- 
uals included in these two groups are shown in Table 3. 

In edl cases there is a lag-time, but no statistically significant difference (P = 0.05) 
between those obtained in the two groups studied. 

The analysis of the ascending phase of the serum level curve in patients with TRI 
suggests the possibility that the decrease observed in the absorption rate of the 
antibiotic may take place "at the moment at which a particular serum level of the 
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Fig. i. Average serum level curves of cefadroxil obtained in subjects with NRF and in patients wi~  TRI 
in interdialysis periods. 
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TABLE 3 

Average pharmacokinetic parameters of cefadroxil obtained from patients with NRF and from patients 
with TRI in interdialysis peri(xis 

N.R.F. T.R.I. 

K ,  (h - I )  = 1.265+_= 0.090 

t o (hi = 0.252"+: 0.021 
tm~ t (h) = i .139±: 0.090 
Cma x (/~g//ml) = 10.0724-__ 2.274 
K e (h - I )  = 0.592__ + 0.121 
t~/2 (h) = 1.2044-__ 0.214 
V d (I) = 22.073 4- 4.834 
C! p ( m l / m i n )  = 2 ! 5.221 4- 48.497 
(AUC)~( /~g /ml )h  = 40.602 +_. 10.296 

!.3644- 1.186 
0.2674-4- 0.2 i 9 

4.266 "4- 2.650 
22. i 994-4- 6.895 

0.0284-+- 0.008 
26.5604-_+ 8.002 
21.5984-__ 5.933 
10.4034-. + 5.240 

908.931 4- 382.027 

antibiotic is reached, when the amount of the antibiotic accumulated within the 
organism becomes manifest. Fig. 2 shows the serum concentration curve of the 
patient A.E.F. It may be seen how the serum concentration increases rapidly during 
the first 60 rain after administration. During this time, the serum concentrations of 
the antibiotic found in the TRI group reach an average value of 17.10 ~g/ml;  while 
4 h after administration, these serum levels only undergo an increase of 5.31/~g/ml. 

Bearing in mind that cefadroxil is principally eliminated in an undegraded state 
from the kidney, the greatest foreseeable variation, as a consequence of renal 
impairment, would be the decrease in the elimination constant. It may be seen, 
indeed, how this constant undergoes a decrease of 95% of its numerical value in the 
patients in interdialysis periods with respect to the value of the same constant in 
individuals with NRF. As a result of this modification, the elimination half-life of 
cefadroxil has an average value of 26.560 h in renal impairment, much greater than 
in the case of NRF; 1.204 h. The quotient of these two values is 22, similar to that 
obtained with other beta-lactam antibiotics such as Cefalexin-20 (Nightingale et al., 
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Fig. 2. SenJm level curve of cefadroxil obtained from one patient (A.E.F.) with TRI during an interdialy- 
sis period. 
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1975); Cefoxitin..18 (Garcia et al., 1979); CPG-9000-27 (Nieto et al., in press). 
The decrease in the elimination rate makes it necessary to correct the dosage 

regimen in the circumstances of multiple doses in order to avoid an accumulation of 
the antibiotic wiithin the organism. 

Table 4 shows the maximum and minimum predicted serum levels at steady-state 
together with the accumulation factor calculated for individue~ls of the NRF and the 
TRI groups with a maintenance dose of 500 mg of cefadroxil, orally in capsule form 
and with a 6 h dosage interval. 

The apparent distribution volume of cefadroxil is not modified in renal impair- 
ment, contrary to what has been observed in the case of other orai cephalosporins 
(Klotz, 1976). Nevertheless, the accessibility of the antibiotic to the various organs 
and tissues must increase significantly in renal impairment as a consequence of the 
greater permanence of the antibiotic in the systemic circulation. This fact has been 
confirmed in our own laboratory with experimental animals (Dominguez-Gil et al., 
1981). 

The variation obse'tved in the values of Cm~ and tma x are a consequence of the 
effect that renal impairment causes on the absorption and elimination processes of 
the antibiotic. 

Patients undergoing hem¢dialysis (TRIH) 
Fig. 3 shows the average serum level curves of cefadroxil obtained after oral 

administration of the antibiotic to patients with TRI undergoing hemodialysis 
sessions lasting 4 h with later sampling of blood at the input and output of the 
dialyzer. Both follow a single-compartment open-kinetic model, and are defined by 
the following equations: 

C = 24.434 × e -0"242×t - -  94.842 × e-2566×t(input) 

C = 21.038 × e -0"276×t - -  39.174 × e -  1"911Xt(output) 

In all cases the serum antibiotic concentrations at the input of the dialyzer are 
greater than those at the output (P < 0.005). 

The pharmacokinetic parameters obtained for the antibiotic concentrations at the 
input of the dialyzer for this group of patients are shown in Table 5. 

The eliraination serum half-life of the hemodialysis sessions has an average value 
of 2.542 h, similar to that obtained for cefaloridine, 2-4  h (Anderson et al., 1976); 

TABLE 4 

Maximum and minimum concentration values of cefadroxil at steady-state and accumulation factor value 

for the three groups studied 

N.R.F. T.R.I. 

s s  Cma x ( / tg /ml)  = 13.02 146.49 
$s  Cn~ n ( / tg /ml)  = !.24 132.49 

Accumulation factor = i:03 6.47 



270 

m 

E --- 20 
:L 

15. 

, o  

5- 

0 

0 1 2 ' 3 '  4 h. 

Fig. 3. Average serum levels of cefadroxil at the input and output of the dialyzer obtained from patients 
with TRI in hemodialysis sessions. 

less than that for cefalexin, 4 - 6  h (Bailey, 1972); cefoxitin, 4 h (Garcia et al., 1979) 
and CGP-9000, 3 - 4  h (Nieto et al., in press) and greater than that of cefacetrile, 
1.5 h (Dominguez-Gii et al., 1979). 

The extraction coefficient for cefadroxil has an average value of 0.218, which is 
similar to that o!f cefoxitin, 0.255 (Garcia et at., 1979); CGP-9000, 0.248 (Nieto et at., 
in press) and cefacetrile, 0.251 (Dominguez-Gil et al., 1979). 

In patients undergoing hemodialysis sessions, it may be seen that there are 
variations in the values obtained for Cmax; they range between those values obtained 
for Cm~ in *,he N R F  and TRI groups. 

The average value of t mt ~ in the TRI u group is similar to that obtained for the 
N R F  group and lower that of the TRI group. The lag-time (to) is greater in the 
patients of the TRI u group than that established for the N R F  and TRI groups. 

All these variations observed in the absorption process of cefadroxil in the 3 
groups studied become manifest in Fig. 4 which shows the amount of antibiotic 
remaining at the absorption site calculated from the average serum levels of 
cefadroxil for each of the 3 groups of patients (Wagner et al., 1963). It may be seen 
how in the individuals with normal renal function, absorption is completed in 3 h; in 
8 h in patients with TRI and 4 h in the hemodialysis group. 

T&BLE 5 

Average pharmacokinetic parameters of cefadroxil obtained at input (arterial blood) of the dialyzer in 
patients with TRI during hemodialysis sessions 

K~, (h -s) = 2.330 .+. 0.836 
t o (h) = 0.582± 0.235 
tm~(h ) = i.121_.+ 0.405 
Cm~(/~g/ml)= 15.463"4- 4.362 
kc (h -s) = 0.289--. + 0.074 
is/2 (h) = 2.542__+ 0.724 
V d (1) =26.715+_.il.562 

E.C. = 0.218__+ 0.103 
Clp (ml/min) = 129.824__.+ 66.900 
CI D (ml/min) = 48.450__+21.004 
A~ (mg) = 100.086_.+ 37.722 
ts/zD (h) = i.741-+- 0.410 
(ABC)~(pg/ml)h= 77.210-+- 32.716 

E.C. =extraction coefficient; CI D =dialysis clearance; A~ = amount of an- 
tibiotic extracted by dialysis. 
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Fig. 4. Average disappearance curves of cefadroxii from the absorption site in the 2 groups studied. 

This decrease in the absorption rate may be attributed to changes in the 
concentration gradient of the antibiotic at the absorption site due to its accumu- 
lation in the systemic circulation as a consequence of renal impairment. 

Hemodialysis increases the elimination of the antibiotic. The serum half-life has 
an average values of 2.542 h in this group of patients. The quotient of this value with 
the NRF group is 2.110; 10-fold lower than that established for the TRI group. 

Due to the fact that patients suffering from TRI periodically undergo hemodialy- 
sis sessions, upon correcting the dosage regimen, it would be necessary to consider 
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Fig. 5. Average serum levels curves of cefadroxil calculated for an individual with TRI during inter- and 
intra-dialysis periods undergoing t,'.'o different dosage regimens: (a) administering a dose of the antibiotic 
at the end of the dialysis sessions; and (b) administering a dose of the antibiotic at the beginning and the 
end of the hemodilysis session. 
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the existence of alternative and clearly differentiated kinetic processes. 
Fig. 5 shows the serum level curve of cefadroxil obtained in this kind of patient 

subject to different kinds of dosage regimen; the first consisting of a dose of 500 mg 
of cefadroxil at the end of the hemodialysis session while in the second, the patients 
are administered 'the same amount at the beginning and the end of the session. In 
both cases, the patient would be suffering from TRI and would have received a 
previous 500 mg dose of antibiotic 48 h before beginning the hemodialysis session. 
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