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This study was conducted to determine the pharmacokinetics of the fixed combination antibiotic cefopera-
zone-sulbactam in patients receiving continuous ambulatory peritoneal dialysis (CAPD). In addition, the
pharmacodynamic profile of this combination was determined by the use of mean bactericidal titers against
selected bacterial strains. Six noninfected CAPD patients were given a fixed dose of cefoperazone (2 g) and
sulbactam (1 g) either intravenously or intraperitoneally over 10 min in a randomized, two-way crossover
fashion. The mean peak cefoperazone concentration in serum after intravenous administration was 280.9
,ug/ml. The mean peak concentration in serum after intraperitoneal cefoperazone administration was 38.9
,ug/ml and occurred 2 to 4 h postdose. The mean peak sulbactam concentration in serum after intravenous
administration was 82.2 ,ug/ml. The mean peak concentration in serum after intraperitoneal sulbactam
administration was 24.4 ,ug/ml and occurred at 6 h. The absolute bioavailability of the intraperitoneal dose was
61% for cefoperazone and 70% for sulbactam. Cefoperazone total body and renal clearances were unaffected
by renal failure and dialysis. However, both clearance values for sulbactam were reduced markedly. Only
intraperitoneal dosing provided peak inhibitory and bactericidal titers in dialysate for all organisms tested.
Intravenous dosing provided satisfactory dialysate titers only for very susceptible bacterial strains. End-stage
renal disease and CAPD do not alter cefoperazone pharmacokinetics; however, sulbactam dosing may need to
be adjusted.

Continuous ambulatory peritoneal dialysis (CAPD) is
widely recommended as an alternative to hemodialysis in the
treatment of end-stage renal disease. However, a major
disadvantage of CAPD is peritonitis. Approximately two-
thirds of dialysis-related peritonitis is caused by gram-
positive organisms, whereas gram-negative bacteria cause
about 25% of the cases (13). Treatment has consisted of
intravenous (i.v.) and intraperitoneal (i.p.) antibiotics, pri-
marily cephalosporins and aminoglycosides (10). Cefopera-
zone has a broad spectrum of activity against both gram-
positive and gram-negative bacteria, which makes it a
sititable choice for the treatment of CAPD peritonitis. Sul-
bactam, a beta-lactamase inhibitor, has been shown to
enhance the in vitro spectrum of cefoperazone (8).

This study was conducted to characterize the absorption
and elimination of a single dose of a fixed combination of
cefoperazone and sulbactam after two-way crossover i.v.
and i.p. administration to noninfected CAPD patients. In
addition, the in vitro antimicrobial activity of this antibiotic
combination against selected bacterial strains was deter-
mined in dialysates collected from these patients.

MATERIALS AND METHODS

Patients. Six noninfected CAPD patients between 29 and
81 years old participated in this study. The weight of the
patients ranged from 69.4 to 100.8 kg. The mean estimated
body surface area (4) was 2.0 m2 (range, 1.84 to 2.19 m2). At
the time of the study, no patient was taking any other
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antibiotic; however, the patients were allowed to take any
other medications prescribed for the management of chronic
renal failure. Four patients had diabetes mellitus, one had
familial nephritis, and one had chronic glomerulonephritis.
All patients gave written informed consent. There were no
histories of allergy to penicillin. All patients had normal
hepatic function as determined by routine liver function
tests. The serum albumin concentration was greater than 3.4
gIdl in all patients. Hematologic profiles were normal except
for the anemia of chronic renal failure.

Dosing. Cefoperazone-sulbactam was administered as a
single dose in a randomized crossover fashion, i.v. and i.p.
Each dose consisted of 2 g of cefoperazone and 1 g of
sulbactam. The washout period between doses was at least 1
week.

Samples. Before drug administration, an i.v. cannula was
inserted in a forearm vein. Glucose (5% in water) was
infused continuously into this cannula through a three-way
stopcock at a rate not exceeding 30 ml/h. All blood samples
were withdrawn through this cannula after an initial 5 ml of
blood was withdrawn to eliminate any dilution effect of the
i.v. fluid. For i.v. drug administration, a temporary i.v.
catheter was inserted in the opposite arm. After the drug was
infused, this catheter was withdrawn. The i.v. dose, dis-
solved in sterile water as recommended by the manufac-
turer, was added to 50 ml of glucose (5% in water) and
infused over 15 min. The zero-time samples were obtained at
the end of the infusion.

Before drug administration, the indwelling peritoneal cath-
eter of each patient was equipped with a three-way stopcock
and a 50-ml plastic syringe. Sampling of the dialysate was
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performed by withdrawing 50 ml of dialysate into the syringe
and reinfusing the fluid into the peritoneum; this was done
twice before a 5-mi sample for analysis was withdrawn. This
technique was used to mix the dialysate within the perito-
neum. The i.p. dose was dissolved in sterile water and
injected through the medication port into the dialysate bag.
The dialysate was infused over 15 min. The zero-time
samples were obtained at the end of the infusion. Dialysate
exchanges were performed every 6 h throughout the study.

All dialysate used was 2.08 liters (Dianeal; Baxter, Deer-
field, Ill.) containing 1.5% hydrous glucose. Heparin (500
U/liter) and insulin were added as required to the dialysate.
No other additives were permitted.
Blood samples were taken at 0, 0.25, 0.5, 1, 1.5, 2, 4, 6, 8,

12, 18, 24, and 48 h after the i.v. and i.p. doses. Additional
samples were obtained at 3 and 5 h after the i.p. dose. Serum
was obtained by centrifugation. Blood collection was asso-
ciated with a mild reduction in hematocrit in three patients.
No transfusions were required. Dialysate samples were
obtained at 0, 0.25, 0.5, 1, 1.5, 2, 4, 6, 6.5, 7, 8, 10, 12, 13, 14,
16, 18, 19, 20, 21, 24, and 48 h after the i.v. and i.p. doses.
Additional samples were obtained at 3 and 5 h after the i.p.
dose. At the end of each 6-h exchange, all drained dialysate
was measured. Urine was collected during the intervals of 0
to 2, 2 to 4, 4 to 8, 8 to 12, 12 to 24, and 24 to 48 h. Portions
of dialysate and urine were saved for analysis. All samples
were stored at -60°C until assayed.
Drug analysis. Cefoperazone and sulbactam concentra-

tions in serum and urine were determined by high-perfor-
mance liquid chromatography as described by Reitberg et al.
(11). There were several differences in analytical methodol-
ogy, as described below.

In the present study, the serum analysis was performed
using a Dupont Zorbax Phenyl analytical column (4.6 mm
[inside diameter {i.d.}] by 25 cm; particle size, 6 ,um)
preceded by a Brownlee Phenyl, Spheri-5 guard column (4.6
mm [i.d.] by 3 cm; particle size, 5 ,um). The mobile phase for
the assay of both drugs was 0.02 M tetrabutylammonium
phosphate-0.005 M tribasic sodium phosphate in acetoni-
trile-water (25:75, vol/vol) (pH 4.0) with a flow rate of 2.0
ml/min. An internal standard of cefamandole was used. The
sample size was 50 ,ul. The wavelength for detection was 205
nm (0.02 absorbance units, full scale [AUFS]). Before anal-
ysis of the serum samples, an extraction procedure was
performed as described by Reitberg et al. (11); however,
back extraction was done using 0.02 M Na3PO4.
The urine analysis for sulbactam was done with a Rainen

Microsorb C18 analytical column (4.6 mm [i.d.] by 25 cm;
particle size, S pum) preceded by a Brownlee C18, Spheri-5
guard column. The mobile phase was 0.005 M tetrabutylam-
monium phosphate in acetonitrile-water (17:83, vol/vol) (pH
5.0). The flow rate was 1.8 ml/min. An analytical wavelength
of 205 nm (0.01 AUFS) was used for detection.
The urine analysis for cefoperazone was done with a

Waters Novapak C18 analytical column (3.9 mm [i.d.] by 15
cm; particle size, 4 ,um). The mobile phase was in an
acetonitrile-water mixture (9:91, vol/vol).
The analysis of both drugs in dialysate was performed

using a Waters 6000A solvent delivery system, a Microme-
ritics 725 autoinjector, an SF773 variable-wavelength detec-
tor, and a Spectra Physics 4270 computing integrator. The
analytical column for the cefoperazone dialysate assays was
a Waters Novapak C18 column (3.9 mm [i.d.] by 15 cm;
particle size, 4 ,um). A Brownlee RP-18 New Guard guard
column was used. The analytical column used for dialysate
sulbactam analyses was a Rainen Microsorb C18 column (4.6

mm [i.d.] by 25 cm; particle size, 5 ,um). In addition, a
Brownlee RP-18, Spheri-5 guard column was used. No
precolumn was used for cefoperazone in dialysate but was
used for sulbactam.
The mobile phase for cefoperazone assays in dialysate was

0.0012 M triethylammonium acetate and 0.0028 M acetic
acid in acetonitrile-water (9:91, vol/vol). The flow rate was
2.0 ml/min. The sample size was 50 to 100 ,ul. The cefoper-
azone retention time was about 12 min. A wavelength of 254
nm was used (0.01 AUFS). The mobile phase for sulbactam
assays in dialysate was 0.005 M tetrabutylammonium phos-
phate in acetonitrile-water (17:83, vol/vol) (pH 5.0). The flow
rate was 1.8 ml/min. The sample size was 50 pul. The
retention time for sulbactam was about 17 min. The wave-
length used was 205 nm (0.01 AUFS). The dialysate cefo-
perazone and sulbactam analyses were performed using
external standards.

Dialysate containing cefoperazone was diluted in the
mobile phase sufficiently to bring the concentration to the
range of the assay. After the high-performance liquid chro-
matography analysis described above, the final cefoperazone
concentration was determined by comparison of its peak
height to that of the average peak height of the bracketing
standard solutions.

Dialysate sulbactam analyses were performed after the
dialysate was treated in a manner similar that used for urine.
Final urine and dialysate sulbactam concentrations were
determined by linear regression analysis by using peak
heights.
Cefoperazone recovery in dialysate was 290% over a

range of 1 to 170 pug/ml, with a detection limit of 1 pug/ml.
Sulbactam recovery in dialysate was 99% over a range of 2.5
to 400 pug/ml, with a detection limit of 2 pug/ml. Studies of
blank uremic dialysate revealed that no significant endoge-
nous substances eluted at the retention time of cefopera-
zone, sulbactam, or cefamandole. The within-day precision
of the dialysate assay for sulbactam (2.5 to 100 pug/ml) was
<8% relative standard deviation; for cefoperazone (1 to 160
pug/ml), it was <2% relative standard deviation.

Microbiology. The antimicrobial activity of cefoperazone-
sulbactam in dialysate samples taken at 4 and 12 h were
determined by a microtiter technique. The dialysate samples
were diluted 1:1 with Mueller-Hinton broth (D-MH). The 4-h
dialysate samples contained the peak cefoperazone concen-
tration after i.v. dosing; the 12-h samples contained the
cefoperazone concentration after two 6-h dialysis ex-
changes. Since cefoperazone is usually given at 12-h inter-
vals, these 12-h samples contained what will be referred to as
trough concentrations. Susceptibility studies were con-
ducted against two laboratory strains (Escherichia coli
ATCC 25922 and Klebsiella pneumoniae UCLA 5166) and
six clinical isolates (Staphylococcus aureus [methicillin sus-
ceptible and penicillin resistant]; Staphylococcus epidermi-
dis, isolated from a patient with CAPD peritonitis; E. coli 35
and 14 [ampicillin resistant]; and Pseudomonas aeruginosa 1
and 2).
The MICs and MBCs of cefoperazone in D-MH at various

concentrations of sulbactam were determined by a checker-
board dilution technique that provided various ratios of
cefoperazone to sulbactam. Bacterial inocula of approxi-
mately 5 x 105 CFU/ml were placed in microdilution wells
(0.1-ml volume) with serial dilutions of both cefoperazone
and sulbactam in 50% Mueller-Hinton broth-50% fresh
dialysate. The microdilution plates were incubated at 35°C
for 18 to 24 h. A 25-pI sample from each clear well was
plated on Mueller-Hinton agar for CFU determinations. A
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FIG. 1. Mean cefoperazone concentrations in serum (+) and

dialysate (A) after a cefoperazone (2 g)-sulbactam (1 g) i.v. dose. No
cefoperazone was detectable in dialysate after 12 h; in serum, none
was detectable after 18 h.

99.9% reduction in CFU from the initial inoculum was used
as the bactericidal endpoint.

Inhibitory and bactericidal titers were determined after
serial dilutions of the 4- and 12-h D-MH samples. The
dilutions were incubated at 35°C for 18 to 24 h and processed
as described above to determine bactericidal endpoints. In
addition, a predicted inhibitory/bactericidal titer was calcu-
lated by dividing the observed cefoperazone concentrations
in dialysate at 4 and 12 h by the MIC or MBC for the
organism. Cefoperazone MICs and MBCs used for predicted
titer calculation were those appearing on the checkerboard
at locations containing cefoperazone/sulbactam ratios simi-
lar to those in the 4- and 12-h dialysate samples for each
patient. Linear regression analysis was performed on the
predicted and observed mean bactericidal titers for all pa-
tients and all organisms. Titers >1:1,024 were arbitrarily
assigned a value of 1:2,048. Titers <1:2 were not included in
the calculation.

Pharmacokinetic analysis. A semilogarithmic plot was con-
structed of the cefoperazone and sulbactam concentrations
in serum versus time after the i.v. and i.p. doses. The slope
of the terminal elimination phase (kel) was determined by
linear regression. The serum half-life for the elimination
phase (t1/2,) was calculated as follows: t1/2,1 = (ln2)/kel. The
area under the serum concentration-time curve to time t
(AUC_,; mg. h/liter) after the i.v. and i.p. doses was

Time (hours)
FIG. 3. Mean sulbactam concentrations in serum (+) and dialy-

sate (A) after a cefoperazone (2 g)-sulbactam (1 g) i.v. dose. No
sulbactam was detectable in serum at 30 h.

calculated by the linear trapezoidal rule. The residual area
from the final measurable concentration in serum to infinity
was estimated by dividing the final measured concentration
by kel. The absolute bioavailability of the i.p. dose was
calculated by the equation AUCO_j(Pp/AUCOOiv.

Total body clearance (CLTB) was determined by the
equation CLTB = Dose/AUC,_. Dialysis clearance (CLD)
was determined by the equation CLD = CLTB x fraction of
dose recovered in dialysate. Renal clearance (CLR) was
determined by the equation CLR = CLTB x fraction of dose
recovered in urine. The volume of distribution (V) was
calculated as follows: V = CLTB/kel. V after i.v. dosing was
also calculated by a noncompartmental determination of the
volume of distribution at steady state (Vss) (1), corrected for
infusion time:

VI,= [dose x AUMCO.,/(AUC_)2] -
[t'(dose)/2(AUCO_.)]

where t' is the infusion time and AUMCOC is the area under
the first moment of the concentration-time curve measured
with the linear trapezoidal rule to time t, with residual added,
calculated as (t*Cp*lkel) + (Cp*Iked), where t* is the time of
the final measured concentration and Cp* is the final mea-
sured concentration.
The data presented are expressed as mean + standard

deviations.
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FIG. 2. Mean cefoperazone concentrations in serum (+) and

dialysate (A) after a cefoperazone (2 g)-sulbactam (1 g) i.p. dose. No
cefoperazone was detectable after 18 h.
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FIG. 4. Mean sulbactam concentrations in serum (+) and dialy-

sate (A) after a cefoperazone (2 g)-sulbactam (1 g) i.p. dose. No
sulbactam was detectable in serum at 30 h.
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TABLE 1. Cefoperazone pharmacokinetics after a cefoperazone (2 g)-sulbactam (1 g) i.v. dose over 15 min

Patient kei, (h-1 t1/2p (h) Peak concn in AUCO-I''.v 3) CLTrB CLR CLD
serum (pag/ml) (mg * h/liter) iters)' (litersV (ml/min) (ml/min) (m/min)

1 0.223 3.10 253.8 659.1 12.6 14.0 52.0 No urine 0.6
2 0.459 1.51 283.6 376.5 9.1 11.8 90.4 0.7 0.4
3 0.173 4.01 284.9 918.4 11.9 12.8 36.9 1.3 0.6
4 0.271 2.55 261.6 761.7 9.1 9.9 44.6 0.2 0.6
5 0.379 1.83 288.1 409.2 10.5 13.1 82.9 0.9 0.5
6 0.493 1.41 313.4 264.2 9.9 15.1 124.3 1.0 0.6
Mean ± SD 0.333 ± 0.13 2.08 ± 0.82 280.9 ± 21.2 564.9 ± 254.0 10.5 ± 1.5 12.8 ± 1.8 71.9 ± 33.4 0.7 ± 0.5 0.55 ± 0.08

a Calculated by noncompartmental determination of V.,, corrected for infusion time.
b Calculated by CLTB/ke,

RESULTS

The mean serum and dialysate cefoperazone and sulbac-
tam concentrations after i.v. dosing are presented in Fig. 1
and 2, respectively. The corresponding results after the i.p.
doses are presented in Fig. 3 and 4. After either route of
administration there was rapid movement of both drugs
across the peritoneal membrane, with rapid equilibration
between the central and peritoneal compartments. Both
drugs are best described by a one-compartment model.
The pharmacokinetic calculations for cefoperazone after

the i.v. and i.p. doses are presented in Tables 1 and 2. After
i.v. administration, 1% of the dose was recovered in the
urine in 48 h, and 1% was recovered in the dialysate. After
the i.p. dose, less than 1% was recovered in the urine.
The pharmacokinetic calculations for sulbactam after the

i.v. and i.p. doses are presented in Tables 3 and 4. After i.v.
administration, 10.8% 8.2% of the dose was recovered in
the urine in 48 h, and 11.1% ± 1.4% was recovered in the
dialysate. After the i.p. dose, 9.2% ± 7.4% was recovered in
the urine.
There was no correlation between the duration of dialysis

treatment or the patients' peritonitis histories with either
drug clearance or i.p. drug bioavailability.

Susceptibility testing. The peak and trough concentrations
of cefoperazone in dialysate after the i.v. dose occurred at 4
and 12 h, respectively. A ratio of the cefoperazone to
sulbactam concentrations occurring at 4 and 12 h was
calculated (Table 5). Similar ratios were established for 4 and
12 h after the i.p. dose (Table 5). The cefoperazone MICs for
the various test organisms were determined for the range of
cefoperazone-sulbactam concentration ratios obtained from
each patient. These MICs showed essentially no change over
cefoperazone/sulbactam ratios of 0.002 to 1,024. For S.
aureus, the cefoperazone MIC was 2 ,ug/ml; for S. epider-
midis, the MIC was 0.5 ,ug/ml. For the standard strain of E.
coli (ATCC 25922), the MIC was 0.12 to 0.25 ,ug/ml; for the

clinical isolates of E. coli, the MICs were 4 to 8 jig/ml. For
K. pneumoniae, the MIC was 0.25 to 0.5 ,ug/ml, and for both
strains of P. aeruginosa, the MIC was 16 ,ug/ml.

Bactericidal titers for the 4- and 12-h D-MH samples were
identical to the inhibitory titers for each organism. The mean
observed reciprocal titers are presented in Table 6. A
predicted inhibitory/bactericidal titer was then calculated
based on the observed cefoperazone concentrations in dial-
ysate at 4 and 12 h and the corresponding MIC or MBC ratio
for the organism (e.g., patient 1: the peak dialysate cefoper-
azone concentration after the i.v. dose was 9.9 ,ug/ml; the
MIC and MBC for S. aureus were 2 ,ugIml; therefore, the
predicted inhibitory/bactericidal titer was only 1:5). Regres-
sion analysis revealed a highly significant correlation be-
tween predicted and observed bactericidal titers for all
patients and all organisms (r2 = 0.756) (Fig. 5).

DISCUSSION

The pharmacokinetic parameter values for cefoperazone
observed in this study are similar to those previously de'-
scribed for normal volunteers and patients with renal dys-
function (3). Our pharmacokinetic data are also in agreement
with results of previous studies involving patients on CAPD
(6, 9). It is apparent that CLR and CLD contribute little to
total cefoperazone clearance. i.p. drug administration was

tolerated well, with the i.p. dose approximately 60% ab-
sorbed in 6 h as calculated by the AUC ratios of the i.p. and
i.v. doses. It appears cefoperazone can be given either i.v. or

i.p. with no dosage adjustments required for end-stage renal
disease or peritoneal dialysis.

Previous reports have shown that CLR is the primary
method of sulbactam elimination (2, 5). In patients with
normal renal function, CLR has represented approximately
80% of total clearance, with 75 to 85% of the dose recovered
in the urine within 24 h. A tl/2, of 1 h has been observed.
Coadministration of cefoperazone and sulbactam has been

TABLE 2. Cefoperazone pharmacokinetics after a cefoperazone (2 g)-sulbactam (1 g) i.p. dose

Patient kel(hI)atl2a (h) Peak concn in Tmax AUCO-. Absolute bio- V (lite) CLB CLR
serum (pg/ml) (h)b (mg h/liter) availability (

V ers (ml/min) (ml/min)
1 0.143 4.85 42.8 4 444.9 0.69 21.7 52.0 No urine
2 0.317 2.19 31.8 2 256.0 0.69 17.0 90.4 0.3
3 0.193 3.60 60.9 3 686.5 0.76 11.5 36.9 0.7
4 0.302 2.30 38.4 3 287.0 0.38 8.8 44.6 0.1
5 0.339 2.04 34.8 4 242.9 0.60 14.5 82.9 0.4
6 0.494 1.40 24.8 2 138.0 0.51 15.0 124.3 0.5
Mean + SD 0.298 ± 0.123 2.33 ± 0.96 38.9 ± 12.4 342.5 ± 195.5 0.61 ± 0.14 14.8 ± 4.5 71.9 ± 33.4 0.3 ± 0.3

a kei was calculated from the slope of the e phase of elimination beginning at t = 6 h.
b Tmax, Time to maximum concentration of drug in serum.
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TABLE 3. Sulbactam pharmacokinetics after a cefoperazone (2 g)-sulbactam (1 g) i.v. dose over 15 min

Patientk~~, (h-') ~~112~ (h) Peak concn in AUCO-. Sb CLTrB CLR CLDPatientk,(h-1) 423 (h) serum (Rg/ml) (mg h/liter) Vs (liters) V (liters)" (ml/min) (ml/min) (ml/min)
1 0.093 7.43 69.2 540.2 19.6 20.1 31.3 No urine 3.5
2 0.143 4.83 72.7 454.4 15.0 15.6 37.3 4.0 3.6
3 0.078 8.91 86.9 563.7 22.9 23.5 30.5 6.8 3.5
4 0.078 8.89 67.9 664.7 18.8 19.5 25.3 1.2 3.4
5 0.108 6.39 85.8 429.7 21.1 22.1 39.9 7.1 3.8
6 0.105 6.58 110.6 479.0 18.7 20.4 35.8 3.5 3.9
Mean ± SD 0.101 ± 0.024 6.86 ± 1.67 82.2 ± 16.2 521.9 + 86.5 19.4 ± 2.7 20.2 ± 2.7 33.4 ± 5.3 3.8 ± 2.9 3.6 ± 0.2

a Calculated by noncompartmental determination V.,, corrected for infusion time.
b Calculated by CLTB/krq.

TABLE 4. Sulbactam pharmacokinetics after a cefoperazone (2 g)-sulbactam (1 g) i.p. dose

Patient k,,1 (h' 4/132 (h) serumcomncn in AU Absolute bio- V lters) CLTrB CLRPai)serum (g/ml) (mg Miter) availability (%) V (li (ml/min) (ml/min)
1 0.080 8.62 25.8 422.5 0.79 23.3 31.3 No urine
2 0.143 4.85 26.8 344.6 0.77 15.6 37.3 4.2
3 0.139 4.97 25.2 338.0 0.62 13.2 30.5 5.8
4 0.098 7.12 24.1 362.3 0.55 15.6 25.3 0.5
5 0.093 7.48 21.4 328.0 0.78 26.0 39.9 6.1
6 0.112 6.21 23.0 323.2 0.69 19.4 35.8 2.9
Mean ± SD 0.111 ± 0.026 6.26 ± 1.45 24.4 ± 2.0 353.1 ± 36.7 0.70 ± 0.10 18.9 ± 5.0 33.4 ± 5.3 3.25 ± 2.6

aThe peak concentration in serum occurred at 6 h in all patients except patient 6 (5 h).

TABLE 5. Cefoperazone and sulbactam concentrations and ratios which occurred in dialysate 4 and 12 h
after cefoperazone (2 g)-sulbactqm (1 g) i.v. and i.p. doses

i.v. I.p.

Patient 4 h 12 h 4 h 12 h
pa Cefoperazone/ Tb Cefoperazone/ P Cefoperazone/ T Cefoperazone/

(pg/ml) sulbactam (pg/ml) sulbactanmi (,ug/ml) sulbactam (,ug/ml) sulbactam

1 9.9/26.3 0.4 2.3/15.6 0.1 450/112 4 12/16.2 0.7
2 5.2/24.3 0.2 0.6/13.4 0.04 380/183 2 44/27.5 1.6
3 16/24.5 0.6 3.9/14.3 0.3 380/149 2.5 6.8/15.9 0.4
4 12/24.2 0.5 2.1/15.1 0.1 530/213 2.5 5.6/7.7 0.7
5 8.0/23.7 0.3 0.6/12.2 0.05 380/163 2.3 11/12.7 0.9
6 5.2/27.6 0.2 0.1/11 0.01 340/158 2.2 4.4/12.2 0.4
P, Cefoperazone concentration/sulbactam concentration at 4 h.
TT, Cefoperazone concentration/sulbactam concentration at 12 h.

shown to have no effect on the pharmacokinetics of either
drug (5).
The present study demonstrates a marked reduction in

total and renal sulbactam clearance in patients receiving
CAPD. After either route of administration, approximately
10% of the dose was recovered in the urine in 48 h. After the
i.v. dose, 11% of the dose was recovered in the dialysate.
CLD and CLR each represented only 10% of total clearanc,.
Reduced sulbactam elimination led to a tl2,, of about 7 h.
Based on these data, it appears sulbactam should be given
every 24 h in the presence of severe renal insufficiency,
whereas cefoperazone may be given every 12 h.
The importance of protein binding in determining drug

transfer across the peritoneal membrane is not well under-
stood. The drugs used in this study present contrasting
protein-binding characteristics. Sulbactam has a low degree
of binding, whereas cefoperazone is approximately 90%
bound to serum proteins (3). Of interest are the concurrent
serum and dialysate drug concentrations seen in this study.
At the end of each 6-h exchange, the simultaneous serum

and dialysate sulbactam concentrations were similar, sug-
gesting free movement of the drug across the serum-dialy-
sate concentration gradient. However dialysate cefopera-
zone concentrations were lower than simultaneous con-
centrations in serum, supporting the concept of dialyzability
of the unbound drug fraction only. Relatively low dialysate
cefoperazone concentrations after i.v. dosing may lead to
diminished i.p. antibacterial activity, as shown by the phar-
macodynamic data presented in this report.
The bacterial killing effects of antibiotics in CAPD fluid

have been addressed by Verbrugh et al. (14). They observed
that the aminoglycoside tobramycin had only 10% of its
bactericidal activity in dialysate compared with that in
Mueller-I4inton broth. The beta-lactam imipenem lost no
activity in dialysate. The results of the present study reveal
that the beta-lactam cefoperazone in combination with sul-
bactam also maintains its predicted inhibitory and bacteri-
cidal activity in D-MH.
A comparison of the peak and trough inhibitory and

bactericidal titers in dialysate revealed that higher titers
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FIG. 5. Mean predicted versus observed reciprocal inhibitory/
bactericidal titer values. y = 0.2661 + 0.8149x; r2 = 0.756. Each
symbol represents a mean reciprocal titer value (n = six patients) for
each organism tested.

were obtained with i.p. dosing than with i.v. dosing. Only
the i.p. doses provided potentially therapeutic peak inhibi-
tory and bactericidal titers for all the organisms tested,
including the two clinical strains of P. aeruginosa. Peak
bactericidal titers after i.v. dosing were greater than 8 only
for very susceptible bacterial strains (MIC, <1.0 ,ug/ml). A
good correlation was obtained between observed bacteri-
cidal titers and titers predicted from dialysate drug concen-
trations and the MICs of cefoperazone-sulbactam combina-
tions for the organism. During episodes of CAPD-associated
peritonitis, if the MIC for the organism is known, it should
be possible to predict therapeutic efficacy from the cefoper-
azone and sulbactam concentrations achieved in dialysate.
However, clinical trials involving infected patients need to
be conducted to confirm this prediction. It may be important
not to rely on i.v. therapy alone for dialysis-related perito-
nitis. Cefoperazone and sulbactam can be given safely and
effectively via i.p. administration.

TABLE 6. Geometric meana reciprocal inhibitory/bactericidal
titers occurring in D-MH samples 4 and 12 h after a

cefoperazone (2 g)-sulbactam (1 g) dose

i.v. i.p.
Organism pbpbTe P T

S. aureus 2.5 <2 91 3.2
S. epidermidis 8.4 1.5 1,346 22
E. coli 25922 195 14.8 1,446 74
E. coli 35 3 1.8 51 3.5
E. coli 14 3 1.5 293 8.3
K. pneumoniae 50 5.5 981 47
P. aeruginosa 1 <2 <2 10 <2
P. aeruginosa 2 <2 <2 20 <2

a Geometric mean of two to six replicates.
b p, Inhibitory/bactericidal reciprocal titers observed in D-MH containing

the peak cefoperazone concentration (4 h after dose).
I T, Inhibitory/bactericidal reciprocal titers observed in D-MH containing

the trough cefoperazone concentration (12 h after dose).

The data generated in this study were obtained from
noninfected CAPD patients. Because the effects of peritoni-
tis on pharmacokinetics remain unknown (7), it will be
necessary to confirm the data in studies involving infected
patients. Previous studies have shown that peritoneal clear-
ance of solutes such as urea, creatinine, and protein may be
altered during peritonitis (12). It is quite possible that peri-
toneal transfer of drugs also may change in the presence of
an inflamed peritoneal membrane. The application of the
susceptibility data presented here will also need additional
confirmation in efficacy trials with patients with CAPD-
associated peritonitis.
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