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The pharmacokinetics of cefoperazone and sulbactam in combination were evaluated in six, elderly, seriously
ill patients treated with the drug combination for intra-abdominal infections. After giving informed consent,
three males and three females aged 63.5 to 77.5 (mean, 67.9) years and weighing 54.5 to 86.8 (mean, 67.6) kg
were treated with cefoperazone (2.0 g) and sulbactam (1.0 g) infused intravenously every 12 h for at least 5
days. Cefoperazone and sulbactam pharmacokinetics were characterized on both days 1 and 5 of treatment.
Eleven serial blood samples were obtained just prior to and following dose 1 on days 1 and 5 of treatment. Mean
estimates of cefoperazone maximal concentration in plasma (C..), area under the curve of drug concentration
in plasma versus time (AUC), half-life (t112), apparent volume of distribution by the area method (Yarne),
apparent volume of distribution at steady state (V.), and total body clearance (CL) for day 1 (day 5) were 297.5
(237.5) ,ug/ml, 1,247 (1,063) ug. h/ml, 7.0 (4.9) h, 16.1 (13.4) liter, 13.1 (14.4) liter, and 28.9 (34.2) ml/min,
respectively. Day 1 (day 5) mean values for sulbactam Cm.., AUC, t1/2, Varea, V., and CL were 110.3 (78.0)
,ug/ml, 228 (217) ug. h/ml, 3.4 (2.5) h, 26.1 (18.5) liter, 18.9 (15.4) liter, and 97 (94) ml/min, respectively. Both
drugs evidenced slower elimination and greater pharmacokinetic variability in these patients compared with
values previously reported for normal volunteers. As patients improved during the course of therapy, the only
pharmacokinetic parameter significantly changed between days 1 and 5 was a shortened sulbactam t112. Our
inability to find substantial evidence of pharmacokinetic normalization may have been related to sample size
and study duration. Both drugs were present in potentially therapeutic concentrations for the entire 12-h
dosing interval, but without undue accumulation from days 1 to 5.

The combination of cefoperazone and sulbactam is under
investigation for the management of serious bacterial infec-
tions. The utility of the combination stems from the broad
spectrum of antimicrobial activity of cefoperazone (9, 17)
and the ability of sulbactam to inhibit some ,B-lactamases
(15). Patients who are candidates for treatment with cefoper-
azone-sulbactam may be physiologically compromised and
may therefore not distribute or eliminate these drugs as do
healthy subjects. The pharmacokinetics of cefoperazone in
healthy subjects is now well characterized (1, 7, 21), as is the
pharmacokinetics of sulbactam (3, 10, 21). Furthermore,
cefoperazone pharmacokinetics has been studied both in
patients with chronic renal failure (1, 2, 12, 13, 19) and in
patients with liver dysfunction (12). The pharmacokinetics of
sulbactam has been evaluated in patients with appendicitis
(11). However, reports relevant to the pharmacokinetics of
these drugs in patients likely to typify the candidates for this
combination, i.e., elderly with acute and serious illness,
have not been published.
We evaluated the pharmacokinetics of cefoperazone and

sulbactam administered in combination to six elderly,
acutely ill patients with serious intra-abdominal infections.

MATERIALS AND METHODS
Patients. Six patients were entered into the study (Table

1). Each patient was hospitalized with a serious bacterial
intra-abdominal infection. Patients who were terminally ill,
had a known hypersensitivity to penicillins or cephalospo-

* Corresponding author.

rins, had received prior successful antimicrobial therapy
within the past 4 days, were receiving antimicrobial therapy
for another focus of infection, were receiving investigational
drugs, exhibited suppressed immunologic function and/or
leukopenia as evidenced by leukocytes less than 1,500/mm3,
who required dialysis, or who had ingested alcohol within 4
h prior to cefoperazone-sulbactam administration were ex-
cluded.

Renal function was assessed by determination of creati-
nine clearance by the method of Cockroft and Gault (5).
Liver function was assessed by determination of alkaline
phosphatase, total serum bilirubin, serum glutamic oxalace-
tic transaminase, and serum glutamic pyruvic transaminase.
Laboratory tests were obtained immediately prior to cefo-
perazone-sulbactam administration and repeated when clin-
ically needed during treatment. For all subjects, laboratory
results were available within 24 h of the steady-state phar-
macokinetic study period (day 5).

Study design. The investigation was conducted as an open
trial with the objective of characterizing the pharmacokinet-
ics of cefoperazone-sulbactam in elderly, infected patients
on days 1 and 5 of treatment. These patients were being
treated with cefoperazone-sulbactam for serious infections
and gave informed consent to participate in this pharmaco-
kinetic study. Both drugs were combined and administered
intravenously in 100 ml of 5% dextrose in sterile water. The
cefoperazone dose was 2 g, and the sulbactam dose was 1 g.
Both drugs were given every 12 h for at least 5 days for
treatment of the infection. Drugs were infused over 15 min.
Blood was drawn to obtain samples for antibiotic content

730



PHARMACOKINETICS OF CEFOPERAZONE AND SULBACTAM

0% - 0% 0%
w ash

> L 00 -

bo bA O ~O
0% . ~ 0 0

00 >J *90 %Q

t- L -4j -4
-4 0% -1j 0

OD I

U-)

-4 w 00 \O

00

~ -4 0
-Ph CC U- 0

-4 '-0

W t4

o o -

_V sh ;

o o _

*
-4

o4I ffi o

00

(ON0%

~0

02
0%i

r C 0 0
0; P- 0COP>5>-

o< C °o
00-0o o

000'

c . B 05

0-

.,,,= . O ,),

0~C

00

,~m 0- >-- O
-0~~~ B

0_ o, Bro<

|3o < (D ?~0 CO D>CO

VOL. 32, 1988 731

. 0%
~A 00

00 %

00 tW

t-i

o oo

%0 0

ul -

- u1

- 0

ti

-4

-o 0

_ en

Oo 0g

*0
*0

a'

o

CA

n n _

CA

C')

C' 8
0'<

CA

C-U -C

C CO

0
0D
C0

_.

D

00

0)

ri CD

CD
a

< ~C~O,0
~

w.< C
ez

- i \ C r>

~< 3 -- v

U0_.

0

CL
0.

O-0

0

rT
0
.0

B
0

-o
0'

O

c0.

_.9
0D

CO

0O
0-
B.

CO
0

CO
-9_

CO

0
OQ
3'

O'
0
0o
B
0
00
P0

C -"c 0

3 V p'E; 3 In

o

<

t

CO
3

0

0'- 0

_.CD

PIB
Q

C. _.

0

0'.
CO
0.
CL
3

CO
P

0

0

0

0

_.!

c



ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. Cefoperazone-sulbactam pharmacokinetic parameters in acutely ill, elderly patients on days 1 and 5 of treatment (n = 6)

Results with:

Parameter Cefoperazone Sulbactam

Day 1 Day 5 p Day 1 Day 5 p
(mean [SD]) (mean [SD]) (mean [SD]) (mean [SD])

Cmax (Xg/ml) 298 (145) 238 (61) 0.25 110 (77) 78 (30) 0.23
t1/2 (h) 7.0 (3.5) 4.9 (1.7) 0.25 3.4 (1.2) 2.5 (0.5) 0.04
AUC' (,Ug h/ml) 1,247 (353) 1,062 (372) 0.13 228 (115) 217 (105) 0.50
Varea (liter) 16.1 (5.9) 13.4 (2.0) 0.28 26.1 (16.8) 18.5 (6.1) 0.17
V,S (liter) 13.1 (4.5) 14.4 (4.1) 0.57 18.9 (10.5) 15.4 (5.7) 0.17
CL (ml/min) 29 (9) 34 (10) 0.19 97 (61) 94 (47) 0.71

a From time 0 to infinity on day 1; from time 0 to 12 h on day 5.

prior to the infusion, immediately at the end of the infusion,
and at 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, and 12 h after the end of the
infusion. Samplings were performed just prior to and after
dose 1 of the drug combination and just prior to and after
dose 1 of day 5. Whole blood was allowed to clot at room
temperature. Serum was harvested by centrifugation at 4°C,
transferred to clean tubes, and stored at -60°C until as-
sayed.

Assays. Both cefoperazone and sulbactam were assayed in
serum by using a high-pressure liquid chromatography pro-
cedure in which both drugs were separated on the same
column. Assays were conducted by the Quality Control
Division, Pfizer, Inc., Groton, Conn. The methods have
been previously published (13, 21).

Pharmacokinetic analysis. Noncompartmental methods
were used to estimate pharmacokinetic parameters (4, 20).
Agreement between noncompartmental and model-depen-
dent analysis methods has been previously reported for a
cephalosporin given to critically ill patients (23). The area
under the curve of drug concentration in serum versus time
from 0 to 12 h (AUCO_12) was calculated by linear trapezoidal
approximation. For dose 1, AUC was calculated from the
preinfusion (0) concentration to the 12-h concentration
(AUCo_12) and extrapolated to infinity with the equation:

AUC = AUCO_12 + C12/k (1)

where C12 is the 12-h drug concentration and k is the
terminal elimination rate constant determined as the slope of
the terminal linear portion of the curve of log concentration
versus time by using linear least-square regression analysis.
It was determined that the heteroscedasticity of the data was
not importantly increased by logarithmic transformation, nor
was a weighting scheme appropriate because of the validated
assay precision and accuracy. AUCO_12 at steady state was
assumed equivalent to AUC following dose 1 under hypo-
thetically linear dosing conditions. Half-life (t112) was calcu-
lated from k by the equation:

t1/2 = ln2/k (2)
Total body clearance, CL, was calculated by the equation:

CL = dose/AUC (3)
where AUC on day 1 was from time 0 to infinity and AUC on
day 5 was from time 0 to 12 h (at steady state). Apparent
volume of distribution by the area method (Varea) was
calculated as follows:

Varea = CL/k (4)

Apparent volume of distribution at steady state (Vss) was
calculated as follows:

VS = CL * MRT (5)
where MRT was calculated as the area under the moment
curve adjusted for the intravenous infusion to the single-dose
intravenous bolus case divided by the AUC (4, 20). Maximal
concentration in serum (Cmax) was achieved at the end of the
intravenous infusion (15 min postdose).

Statistics. Pharmacokinetic parameters for treatment days
1 and 5 were compared by Student's paired t test. Differ-
ences were considered to be statistically significant at P
equal to or less than 0.05.

RESULTS

Pertinent patient characteristics are summarized in Table
1. All patients were recently subjected to surgery at the start
of cefoperazone-sulbactam treatment. Most of the patients
showed evidence of renal and hepatic compromise (Table 1).
Cefoperazone and sulbactam pharmacokinetic parameters

for dose 1 of treatment day 1 and for dose 1 of treatment day
5 are shown in Table 2. On treatment day 5, steady state was
assumed because preinfusion concentrations were essen-
tially the same as 12-h postinfusion concentrations. How-
ever, large alterations in clinical laboratory values were
common between days 1 and 5 (Table 1). Therefore, due to
possible physiologic instability during the dosing period
studied, the steady-state conditions observed on day 5 may
have been different from that experienced during earlier or
subsequent treatment.
The profiles of serum concentration versus time of cefo-

perazone on days 1 and 5 of treatment were similar (Fig. 1),
as were the analogous sulbactam profiles (Fig. 2). Analysis
of pharmacokinetic parameters between days 1 and 5 indi-
cated that only the sulbactam t1/2 decreased significantly (P
= 0.04) between days 1 and 5.

DISCUSSION

Although this investigation was limited to the study of
cefoperazone and sulbactam pharmacokinetics in acutely ill
patients with intra-abdominal infections, the observed differ-
ences in the pharmacokinetics of these drugs in these pa-
tients and those reported for normal subjects warrant com-
ment. In a study involving 14 male volunteers (21),
cefoperazone (2.0 g) and sulbactam (1.0 g) were adminis-
tered under conditions similar to those of the present study;
assays were conducted at the same laboratory for both
studies.

Following dose 1, patients exhibited a cefoperazone t1/2
which was 3.9 times longer than that for healthy subjects;
Varea for patients was 50% larger, and CL was 43% of normal
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FIG. 1. Profile of log drug concentration in serum versus time for cefoperazone following intravenous infusion of cefoperazone (2
g)-sulbactam (1 g) in elderly, infected patients. Because of the log-linear format, absorption following the initial dose is not shown. *, Day 1;
O, day 5.

values (21). Peak cefoperazone concentrations in serum,
when adjusted for dose, were similar between acutely ill,
elderly patients and normal volunteers (21). Thus, both a
larger Varea and a slower CL (the parameter physiologically
linked to impaired eliminating organ function) contributed
quantitatively to the markedly slower cefoperazone t1/2 in
these acutely ill postsurgical patients.

Cefoperazone is cleared primarily by biliary excretion,
with approximately 30% of the dose recovered in the urine of
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normal volunteers (16, 21), although a much greater propor-
tion is eliminated by the renal route in biliary obstruction
(12). The patients in the current study frequently experi-
enced biliary .stasis as evidenced by abnormally increased
serum bilirubin and alkaline phosphatase values; this result
provides a plausible explanation for changes in cefoperazone
CL, which may have been dynamically changing in concor-
dance with the disease state.
However, cefoperazone also exhibited a 50% larger Varea

0 1 2 3 4 5 6 7 8 9 10 11 12
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FIG. 2. Profile of log drug concentration in serum versus time for sulbactam following intravenous infusion of cefoperazone (2
g)-sulbactam (1 g) in elderly, infected patients. Because of the log-linear format absorption following the initial dose is not shown. *, Day 1;
0, day 5.
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in patients compared with normal volunteers (21), contrib-
uting quantitatively to the prolonged t12. Varea closely ap-
proximated V, therefore indicating that the contribution of
distribution to Varea is proportionately much larger than that
of elimination and/or absorption. Vss was larger than Varea
only for cefoperazone on dosing day 5. This result is
contrary to theory (14) but may be explained by the close
approximation of the two volume terms and by random error
in their individual approximations.
When constant tissue binding is assumed, the effect of

altered serum protein binding on distribution may be atten-
uated by the relative mass of drug in the extravascular
volume. One possible explanation for the larger cefopera-
zone Varea in patients compared with normal volunteers
stems from the fact that cefoperazone is normally exten-
sively bound to serum protein, exhibiting a bound fraction of
approximately 90% (16). Therefore, compared with that of
sulbactam, perturbation of cefoperazone serum protein bind-
ing would be expected to result in a more appreciable
alteration in Varea, since the fraction of total cefoperazone in
the extravascular volume under normal conditions is rela-
tively smaller and the fraction available for loss from the
central compartment is relatively larger. Sulbactam is only
38% bound to serum protein (data on file, Pfizer Pharmaceu-
ticals). As was observed, compared with cefoperazone,
sulbactam would not be expected to show a relatively large
increase in Varea when protein binding is impaired.
A substantial increase in cefoperazone Varea may be

consistent with an elevated free fraction perhaps due to the
marked reduction in albumin levels typically observed in
these nutritionally compromised patients. However, since
free fraction is expected to be related to the logarithm of
albumin concentration, albumin must be depleted to values
under 2 g/100 ml before extensive protein-binding alteration
would be expected (8). Another explanation for a binding
defect is the presence of exogenous or endogenous compet-
itors for binding sites. This hypothesis is bolstered by the
mild to moderate renal impairment in these patients and the
reported defect in protein binding of acidic drugs in uremic
sera (8). However, in volunteers with mild to moderate renal
failure, no alteration in cefoperazone (or sulbactam) Vs,, was
discernible in a recent study (19). Therefore, the presence of
competitors in serum would probably be related to hepatic
impairment or to other physiologic alterations imposed by
serious acute illness. For example, Shimizu (22) reported
that bilirubin can displace cefoperazone from serum protein;
this observation may be particularly relevant for these
patients since five of six patients experienced hyperbil-
irubinemia (Table 1). Unfortunately, we did not measure
cefoperazone free fraction, although a change in free fraction
has been previously reported for the cephalosporin cefme-
noxime when given to critically ill, elderly patients (18).
Another possible explanation for the larger cefoperazone
Varea found in these patients is the usual tendency toward
postsurgical thirdspacing, resulting in the distribution of
cefoperazone out of the central and into the peripheral
compartment.
Sulbactam pharmacokinetics was also altered by serious,

acute illness. Following dose 1, patients exhibited a sulbac-
tam t1/2 which was 3.1 times longer than that observed for
healthy subjects (21). Sulbactam Varea for patients was
similar to that for normal subjects on the initial dosing day,
while sulbactam CL for patients was about one-third of that
for normal subjects. This result suggests that, for sulbactam,
a decrease in CL (which is physiologically linked to elim-
inating organ function) rather than an increase in Varea

predominantly contributes quantitatively to the prolongation
of t112 in acutely ill, elderly patients. Renal impairment,
observed in four of the six patients (Table 1), was frequently
seen in this patient population. However, because sulbactam
undergoes predominantly renal elimination, it was not sur-
prising that the two subjects with normal creatinine clear-
ance estimates also had the most rapid elimination of sul-
bactam (CL was 147 and 196 ml/min for subjects 1 and 6,
respectively). Normal renal function may also explain why
sulbactam elimination was not impaired in patients with
appendicitis as reported by Gill et al. (11), although eliminat-
ing organ function was not documented in this paper.
As predicted from laboratory abnormalities and the ante-

cedently greater physiologic variability experienced by these
acutely ill patients compared with normal volunteers, sev-
eral observations are supportive of greater intersubject phar-
macokinetic variability in patients as well. The coefficient of
variation for CL in these patients was approximately double
for cefoperazone and threefold greater for sulbactam com-
pared with that previously reported for normal volunteers
(21). The average coefficient of variation values observed for
patient drug concentrations in serum at each sampling time
were one-fifth (for cefoperazone) and over 2.5 times (for
sulbactam) higher following the initial dose and one-third
(for cefoperazone) and two times (for sulbactam) higher at
steady state compared with normal volunteer values (21)
(data on file, Pfizer Pharmaceuticals). Therefore, the physi-
ologic perturbations and variability imposed by severe ill-
ness may be manifested as enhanced pharmacokinetic inter-
subject variability, as well as altered mean pharmacokinetic
parameter values. The current study does not, however,
directly compare patients with normal volunteers, and pa-
tient sample size was limited. Therefore, the above cross-
study comparisons are not definitive. However, the use of a
common laboratory for drug assays reduces the assumptions
required for comparisons between study sites to those ante-
cedent to drug assay and therefore eliminates assay variabil-
ity as an influence on the comparison.
When pharmacokinetic parameters from days 1 to 5 were

compared, only the sulbactam t1/2 significantly decreased
with time. For sulbactam, there was a decrease in Cmax from
days 1 to 5, accompanied by decreases in Varea and in Vs.
This result suggests that the statistically significant decrease
in ti12 during the course of treatment was quantitatively
mediated by a decrease in apparent volume of distribution to
values smaller than that observed in normal volunteers (21).
Sulbactam CL was essentially unchanged between days 1
and 5, as expected, because of the predominantly renal
elimination of sulbactam. The estimates of creatinine clear-
ance for individual patients may have been influenced by
dynamic alterations in renal function imposed by disease.
However, estimated creatinine clearance was not apprecia-
bly altered between days 1 and 5 for this group of patients
(means on days 1 and 5, 62.5 and 69.3 ml/min, respectively;
P = 0.36).

For cefoperazone, the changes in pharmacokinetic param-
eters between days 1 and 5 were less noticeable. No statis-
tically significant change in any pharmacokinetic parameter
was found between days 1 and 5 of treatment. However, the
mean t1/2 decreased, the mean CL increased, and Varea
decreased. V,, was essentially unchanged. Cefoperazone
Cmax decreased from days 1 to 5. As cefoperazone is
eliminated principally by the hepatobiliary system rather
than the kidney, it is of interest that discernible improvement
was not evident for any of the laboratory indices of liver
function, on average, between days 1 and 5 (Table 1).
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However cholestasis was present in four of six patients; they
showed elevation of serum bilirubin and alkaline phospha-
tase throughout treatment. It is possible that the time to
achieve a new steady state following reduction in cholestasis
is longer for the usual laboratory markers (total bilirubin and
alkaline phosphatase) than it is for cefoperazone CL. There-
fore, cefoperazone CL may increase before these endoge-
nous markers decrease; the laboratory tests may be poor
indicators of drug disposition for this reason.

It can be concluded from this investigation that the elim-
ination of both drugs is substantially slower and is more
variable in elderly, acutely ill surgical patients compared
with normal volunteers. This is not surprising, as the func-
tions of eliminating organs in these patients are frequently
compromised and unstable; the pharmacokinetics of cefo-
perazone and sulbactam appeared to appropriately reflect
renal and hepatic functions. It appeared that the pharmaco-
kinetics of both drugs may have normalized somewhat
during treatment and, perhaps, posttreatment, suggesting
that because of physiologically induced changes in pharma-
cokinetics, drug concentrations in serum are highest in
compromised patients when the illness is most life threaten-
ing. However, because of the apparently large intra- and
intersubject variabilities in physiology and pharmacokinetics
imposed by serious disease, larger-scale studies employing
longer observation periods and involving carefully selected
patient populations would be needed to clearly define the
effect of clinical improvement on drug pharmacokinetics.
However, it is of interest that in the present study potentially
therapeutic concentrations of both drugs in serum were
found over the entire dosing interval and over the entire
treatment period in seriously ill patients without evidence of
undue accumulation.
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