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Ceftazidime is a beta-lactam compound that exerts a time-dependent bactericidal effect. Numerous arguments are in favor of
continuous administration of ceftazidime, both for reasons of clinical efficacy and to preserve bacteriological mutation. We re-
port a prospective, single-center, parallel-group, randomized, controlled trial comparing two modes of administration of ceftazi-
dime, namely, continuous administration (loading dose of 20 mg/kg of body weight followed by 60 mg/kg/day) versus intermit-
tent administration (20 mg/kg over 30 min every 8 h) in 34 patients with ventilator-associated pneumonia due to Gram-negative
bacilli. The study was performed over 48 h with 13 and 18 assessments of serum ceftazidime in the continuous-infusion group
(group A) and the intermittent-fusion group (group B), respectively. Bronchoalveolar lavage (BAL) was performed at steady
state in both groups at 44 h to determine ceftazidime levels in the epithelial lining fluid. We chose a predefined threshold of 20
mg/liter for serum concentrations of ceftazidime because of ecological conditions in our center. The median time above 20 mg/
liter (T>20 mg) was 100% in group A versus 46% in group B. In group A, 14/17 patients had 100% T>20 mg, versus only 1/17
patients in group B. In the epithelial lining fluid, the median concentration of ceftazidime was 12 mg/liter in group A versus 6
mg/liter in group B. A threshold of 8 mg/liter in the epithelial lining fluid was achieved twice as often in group A as in group B.
This study of ceftazidime concentrations in the epithelial lining fluid indicates that continuous infusion presents advantages in
terms of pharmacodynamics and predictable efficacy in patients presenting ventilator-associated pneumonia.

Ceftazidime is a third-generation cephalosporin that is fre-
quently used in the treatment of ventilator-associated pneu-

monia (VAP) because of its efficacy against Pseudomonas aerugi-
nosa. Ceftazidime is a beta-lactam compound that exerts a
time-dependent bactericidal effect. The pharmacodynamic prop-
erty that predicts better clinical efficacy in vitro is the time during
which the tissue concentration of the antibiotic is greater than the
MIC of the organism (1, 2). Critically ill patients with severe sepsis
present wide intra- and interindividual variations in volume of
distribution, thus altering the pharmacokinetics of the antibiotic
(2–4). A number of elements plead in favor of continuous admin-
istration of ceftazidime, both for reasons of clinical efficacy and to
preserve bacteriological mutation (2, 5). In view of local ecological
conditions in our center (MIC of ceftazidime for Pseudomonas
aeruginosa of �4 mg/liter), we aimed to achieve a minimum se-
rum concentration of 20 mg/liter.

The primary objective of this study was to show that continu-
ous infusion of ceftazidime is superior to intermittent infusion, as
assessed by the concentration of ceftazidime in the epithelial lin-
ing fluid (ELF), in patients with VAP due to Gram-negative bacilli.
The secondary objective was to show that continuous infusion is
superior to intermittent infusion of ceftazidime in terms of the
length of time during which the serum concentration of ceftazi-
dime is maintained above a predefined threshold.

MATERIALS AND METHODS
Study design. We designed a single-center, controlled randomized trial in
two parallel groups comparing two modes of administration of ceftazi-
dime, namely, continuous and intermittent administration, according to
a standard therapeutic management approach consisting of 3 injections

per 24 h, with weight-adjusted doses, in patients undergoing mechanical
ventilation and presenting hypoxemic pneumonia of nosocomial original
due to Gram-negative bacilli. All patients who met the inclusion criteria
(age of �18 years and confirmed diagnosis of VAP due to Gram-negative
bacilli) and who did not present any noninclusion criteria (weight of
�110 kg, being pregnant or breastfeeding, known allergy to beta-lactam
antibiotics, renal failure with creatinine clearance of �60 ml/min as cal-
culated by the Cockcroft-Gault formula, known history of pulmonary
fibrosis, or concurrent participation in another clinical trial) were consec-
utively included in our study. Patients were randomly allocated to a treat-
ment group. Randomization was performed in blocks of 6 patients. The
study was performed in accordance with French legislation for human
research, with the Declaration of Helsinki, and with good clinical practice.
The study was approved by the Committee for the Protection of Persons
Participating in Human Research (Comité Consultatif de Protection des
Personnes dans la Recherche Biomédicale) of the Champagne-Ardennes
region (France), authorization number 050230.

Patients. Patients were recruited in the mixed intensive care unit
(ICU) of the university teaching hospital (Hôpital Robert Debré) of Reims
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(France). Patients with clinical symptoms suggestive of VAP underwent
bronchoalveolar lavage (BAL). When BAL revealed the presence of Gram-
negative bacilli, eligible patients were included in the study once they had
provided written informed consent.

After inclusion, patients were randomized to one of the two treatment
arms, as follows. Patients in group A were treated by continuous admin-
istration of ceftazidime, given as an intravenous (i.v.) bolus of 20 mg/kg
over 30 min, followed by 60 mg/kg/day as a continuous infusion. Patients
in group B were treated by intermittent administration, i.e., 20 mg/kg
ceftazidime over 30 min, administered every 8 h. Patients in both groups
also received tobramycin at a dose of 5 mg/kg i.v. over 30 min, once daily.

Data collection. Age, sex, weight, creatinine clearance, and SAPS
(simplified acute physiology score) II were collected. Pharmacokinetic
and pharmacodynamic properties of ceftazidime were also collected:
T�20 mg, fraction of time, during the first 48 h of treatment, during
which serum concentrations of ceftazidime remained above the 20-mg/
liter threshold; AUC0 – 48, area under the concentration-time curve calcu-
lated over 48 h; CELF, concentration of ceftazidime in the epithelial lining
fluid; Cmin, minimum ceftazidime concentration; Ceq, steady-state cef-
tazidime concentration; Cmax, maximum ceftazidime concentration; and
V, volume of distribution.

Endpoint assessment. The mean MIC of ceftazidime for P. aeruginosa
in our department was estimated at 2 mg/liter. The target threshold value
for ceftazidime in the ELF was thus fixed at 8 mg/liter, with a correspond-
ing serum threshold of 20 mg/liter.

The primary endpoint was average concentration of ceftazidime in the
ELF at 44 h. The half-life of ceftazidime is approximately 2 h. With con-
tinuous infusion, steady state is achieved after 5 half-lives (2, 6), i.e., ap-
proximately 10 h. By intermittent infusion, boluses were administered
every 8 h, and thus, the 44th hour represents the median time between the
5th and 6th injection. Therefore, we estimated that assessment of ceftazi-
dime concentrations at 44 h would guarantee measurement at steady state
in both groups.

The secondary endpoint was the fraction of time, during the first 48 h
of treatment, during which serum concentrations of ceftazidime re-
mained above the 20-mg/liter threshold.

Pharmacological methods for ceftazidime measurement. Broncho-
alveolar lavage was performed using a flexible fiberscope by injecting 60
ml of sterile saline solution (0.9%). The first sample recovered was dis-
posed of, and the second sample, which was of varying quantity (around 6
ml), was separated into 2 aliquots for assessment of urea and ceftazidime
and sent immediately to the laboratory for analysis. All blood tests were
performed in 5-ml dry tubes and dispatched to the Pharmacology & Tox-
icology Laboratory of the Reims University teaching hospital for analysis.
After centrifugation, samples were frozen at �20°C and stored for later
analysis. Ceftazidime concentrations in the serum and BAL fluid samples
were analyzed after a simple deproteinization step, using reverse-phase
high-performance liquid chromatography, coupled with UV detection at
258 nm.

Epithelial lining fluid and BAL fluid. We analyzed penetration of
ceftazidime into the pulmonary tissue by determining the concentration
of ceftazidime in the ELF. After deproteinization, ceftazidime concentra-
tions in the serum and ELF were determined by reverse-phase high per-
formance liquid chromatography, coupled with UV detection. Briefly,
500 �l of methanol was added to 100 �l of the fluid sample (serum or
ELF). The mixture was shaken for 1 min on a vortex mixer and then
centrifuged for 4 min at 10,000 rpm. Then, 20 �l of the surfactant was
injected into the chromatography system. The analytical column was re-
verse phase, and the mobile phase consisted of a mixture of isocratic
acetonitrile-phosphate buffer adjusted to pH 3 (13/87 [vol/vol]), deliv-
ered at a flow rate of 1.2 ml/min with UV detection at 258 nm. With these
analysis conditions, the time required for analysis of each sample is less
than 6 min, the quantification limit is 1 mg/liter, and the linear range is
from 1 to 200 mg/liter. The accuracy and repeatability of the method were
�5% for the range of concentrations studied (5 mg/liter and 50 mg/liter).

Dosing antibiotics at the level of the ELF is a validated technique for
the measurement of antibiotic concentrations in the pulmonary extracel-
lular spaces (6). To evaluate pulmonary penetration of ceftazidime, BAL
was performed at 44 h after the start of drug administration. The concen-
tration of ceftazidime in the ELF was obtained by measuring ceftazidime
in the BAL liquid, and the ratio of serum to BAL fluid urea. At steady state,
the concentration of urea in the ELF is the same as that in the serum. The
ratio of serum urea concentration to BAL fluid urea concentration thus
represents the dilution factor for BAL fluid that allows estimation of the
ceftazidime concentration in the ELF as [ceftazidime]BAL � ([urea]serum/
[urea]BAL) (1), where [urea]serum and [urea]BAL represent, respectively,
the concentrations of urea in the serum and BAL fluid.

Analysis methods. (i) Pharmacokinetic analysis. Samples were taken
over the first 48 h as follows. In group A, 13 blood samples to measure
ceftazidime concentrations were taken, at 0, 15, 30, and 45 min and at 1, 2,
4, 8, 16, 24, 32, 40, and 48 h. In group B, 18 blood samples to measure
ceftazidime concentrations were taken, at 0, 15, 30, and 45 min and at 1, 2,
4, 8, 9, 16, 17, 24, 25, 32, 33, 40, 41, and 44 h. In both groups, BAL was
performed to obtain a sample of ELF at 44 h after treatment initiation.

For all patients, the course of serum ceftazidime concentrations over
time is presented on a semilogarithmic scale.

In group B, individual pharmacokinetic profiles were estimated using
simulation based on 7 samples obtained after the first ceftazidime injec-
tion. After 8 h, only 2 blood tests were performed per 8-h period (one
immediately before administration of the next bolus of ceftazidime and
another 1 h after injection). Thus, in total, 18 blood tests for ceftazidime
measurement were performed in group B.

Thus, in group A, individual pharmacokinetic profiles were modeled
based on the 9 blood tests performed during the first 16 h, making it
possible to observe the achievement of steady state. For the remaining 22
h, the number of blood tests was limited to 5. Thus, only 13 blood tests in
total were performed to measure serum ceftazidime in group A.

A two-compartment pharmacokinetic model used to establish indi-
vidual profiles of ceftazidime concentration in the study population.
Analysis was performed by nonlinear regression using WinNonlin soft-
ware, version 4.1 (Pharsight/Certara, Saint Louis, MO, USA). The phar-
macokinetic parameters retained in the analysis were volume of distribu-
tion at steady state (V) and the area under the curve calculated over 48 h
(AUC0 – 48). The ratio of AUC to MIC was calculated for each patient with
Pseudomonas aeruginosa infection.

(ii) Statistical analysis. Quantitative variables are described as medi-
ans and 5th and 95th percentiles, due to their nonnormal distributions.
Qualitative variables are expressed as n (percentage).

The Wilcoxon test was used to compare quantitative variables, and
Fisher’s exact test was used for qualitative variables. A P value of �0.05
was considered statistically significant. All analyses were performed using
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Study population. In total, 34 patients were included, 17 in each
group. Table 1 presents the baseline characteristics of the two

TABLE 1 Baseline characteristics in the two study groups

Characteristic

Value for groupa

Continuous infusion
(n � 17)

Intermittent infusion
(n � 17)

Age (yr) 70 (44–82) 61 (31–79)
No. (%) of men/women 13 (76.5)/4 (23.5) 14 (82.4)/3 (17.6)
Wt (kg) 72 (51–104) 75 (45–107)
Creatinine clearance 101 (80–144) 115 (86–137)
SAPS II 43 (18–83) 41 (17–70)
a Values are medians (5th and 95th percentiles) for all data except no. of men/women.
The differences between values for the two groups were not significant for any
characteristic.
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groups. There were no significant differences between groups in
terms of age, sex, weight, creatinine clearance, and SAPS II.
Among the 34 patients included, 5 (14.7%) died in the ICU (3 in
group A and 2 in group B).

Microbiological findings. Among the 34 episodes of VAP, 8
(23.5%) were due to multiple pathogens. Infection was predomi-
nantly caused by P. aeruginosa (67.6% of organisms identified).
The median MIC of ceftazidime for P. aeruginosa was 1.5 mg/liter,
with a range of 0.5 to 8.0 mg/liter (by agar culture).

Pharmacological findings. For each patient included, serum
ceftazidime concentrations were modeled by computer based on
the values obtained from the different blood tests. The individual
profiles were averaged for each group, yielding two summary
curves of the kinetics of serum ceftazidime concentrations (Fig. 1
and 2). The spread of ceftazidime concentrations in the ELF
(CELF) for each group is shown in Fig. 3.

With regard to the primary endpoint, the median concentra-
tion of ceftazidime in the ELF was 12 mg/liter in group A versus 6
mg/liter in group B (P � 0.08) (Table 2). Regarding the secondary
endpoint, the fraction of time during which the serum concentra-
tion of ceftazidime remained above the threshold of 20 mg/liter
was 100% (range, 3 to 100) in group A versus 46% (range, 16 to
100) in group B (P � 0.003). There was wide interindividual vari-
ation in ceftazidime concentrations in the serum and in the ELF in
both groups (Fig. 3). However, no significant difference was ob-

served between groups in terms of AUC over 48 h or volume of
distribution at steady state (V).

In patients with confirmed infection by P. aeruginosa (11 in
group A and 9 in group B), the AUC/MIC ratio was 670 (144 to
2,133) and 891 (378 to 3,082) for groups A and B, respectively; the
difference was not significant (P � 0.52). Among these patients,
the median MICs were 1.75 mg/liter (0.75 to 8) and 1.50 mg/liter
(0.5 to 2) for groups A and B, respectively, and again, the differ-
ence was not significant (P � 0.10).

DISCUSSION

This pharmacological study investigated ceftazidime concentra-
tions at two levels, namely, in the serum and in the ELF, and made
it possible to attain the initial objective. The method used in this
study is similar to that used in other works. For example, Benko et
al. (7) drew 18 blood samples on days 2 and 4 from each group in
their prospective, randomized, crossover study of 12 critically ill
patients with infections with suspected Gram-negative organisms,
while Lipman et al. (8) investigated continuous versus intermit-
tent infusion in a randomized trial of 18 patients in critical care
with 11 samples in each group. Our findings confirm the pharma-
codynamic advantage of continuous infusion, in terms of serum
concentrations of ceftazidime, as reflected by the proportion of

FIG 2 Course of serum concentrations of ceftazidime over time with contin-
uous perfusion. Each point represents the mean � standard deviation for each
blood sample. The curve represents the mean of the computer-assisted mod-
eling.

FIG 3 Ceftazidime concentrations in the epithelial lining fluid.

TABLE 2 Pharmacokinetic and pharmacodynamic properties of
ceftazidime

Propertya

Value for groupb

Pc

Continuous
infusion (n � 17)

Intermittent
infusion (n � 17)

T�20 mg (%) 100 (3–100) 46 (16–100) 0.003
AUC0–48 (mg · h/liter) 1,348 (972–3,200) 1,361 (566–3,969) NS
CELF (44 h) (mg/liter) 12 (1–40) 6 (0–28) 0.08
Pulmonary

penetration (%)
42 (5–62) 44 (0–97) NS

Cmin (mg/liter) ND 6 (0.7–33)
Ceq (mg/liter) 27 (13–82) ND
Cmax (mg/liter) ND 95 (46–177)
V (liters/kg) 0.4 (0.1–0.8) 0.3 (0.2–0.8) NS
a T�20 mg, fraction of time, during the first 48 h of treatment, during which serum
concentrations of ceftazidime remained above the 20-mg/liter threshold; AUC0 – 48, area
under the curve calculated over 48 h; CELF, concentration of ceftazidime in the
epithelial lining fluid; Cmin, minimum ceftazidime concentration; Ceq, steady-state
ceftazidime concentration; Cmax, maximum ceftazidime concentration; V, volume of
distribution.
b Values are medians (5th and 95th percentiles). ND, not determined.
c NS, not significant.

FIG 1 Course of serum concentrations of ceftazidime over time with inter-
mittent administration. Each point represents the mean � standard deviation
for each blood sample. The curve represents the mean of the computer-assisted
modeling.
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time during which the serum concentration of ceftazidime re-
mained above the threshold of 20 mg/liter (T�20 mg). Several
other authors have reported similar findings (9–13). Contrary to
the observations of Benko et al. (7), the median AUC over 48 h did
not differ significantly between modes of administration in our
study. However, Benko et al. used a crossover design, which re-
duces the impact of interindividual variability.

The profile of the kinetics of serum ceftazidime concentrations
in our study was in line with pharmacokinetic models. During
continuous administration, the ceftazidime concentration stabi-
lizes quickly at a steady-state concentration. Intermittent admin-
istration gives rise to variations in serum concentrations that may
in turn cause therapy to be inefficacious or select resistant strains
(14).

The originality of this work lies in the fact that we studied the
diffusion of ceftazidime to the ELF by two different modes of
administration and showed a borderline significant result in favor
of continuous infusion. The assessment of ceftazidime concentra-
tions in the ELF was performed at 44 h after initiation of therapy in
order to ensure that the continuous-infusion group had achieved
steady state and to place it between the two last injections in the
intermittent infusion group. It would probably have been use-
ful to evaluate an additional measure of kinetics by testing
another sample, but the ethics committee refused permission
to perform any additional fiberscopic examinations. In the lit-
erature, only one study has compared continuous versus inter-
mittent administration of ceftazidime in terms of tissue uptake
at the site of action (15). In that study, ceftazidime concentra-
tions in the serum and peritoneal exudate were compared after
continuous versus intermittent infusion in 12 critically ill pa-
tients with peritonitis, and those authors concluded that con-
tinuous administration was superior in the context of severe
intra-abdominal infection. One study in a porcine model of
pneumonia due to P. aeruginosa compared lung deposition of i.v.
ceftazidime administered either continuously or intermittently
using postmortem biopsies, and those authors found that ceftazi-
dime concentrations in the pulmonary tissue were higher after
continuous administration (16).

Boselli et al. (6, 9) also studied ceftazidime concentrations
in serum and ELF after administration of a continuous infusion
at a dose of 4 g/day in 15 ICU patients with VAP. Steady-state
ceftazidime concentration in the epithelial lining fluid was
8.2 � 4.8 mg/liter, and mean penetration of ceftazidime into
the ELF was 20.6 � 8.9%, values that are comparable to those
observed in our study.

In the subgroup of confirmed Pseudomonas aeruginosa infec-
tions, the ratio of the AUC over 48 h to the MIC, which reflects
overall exposure to the antibiotic, was not significantly differ-
ent between groups in our study, despite the use of weight-
adjusted doses. However, the ratio of AUC to MIC has been
evaluated mainly as a predictive factor for efficacy with fluoro-
quinolones (2, 17). Our failure to observe any significant dif-
ference in this parameter could also be explained by the lack of
power of our study.

Conclusion. Several theoretical elements plead in favor of con-
tinuous administration of ceftazidime, in terms of both clinical
efficacy and preventing the appearance of resistant strains. How-
ever, in terms of mortality, there appears to be no difference be-
tween the two modes of administration. Evaluation of serum con-
centrations of ceftazidime confirms that continuous infusion

achieves better pharmacodynamic results, with a stable concen-
tration in the serum over the treatment period. With regard to
drug concentration at the target treatment site, namely, the epi-
thelial lining fluid, our study also suggests that continuous admin-
istration of ceftazidime presents a pharmacodynamic advantage
in terms of predictable efficacy in patients with ventilator-associ-
ated pneumonia.
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