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Advanced-generation cephalosporins are frequently used for empirical coverage of ventilator-associated pneumonia (VAP) due
to their activity against a broad spectrum of Gram-positive and Gram-negative aerobic bacteria, including Pseudomonas aerugi-
nosa and Enterobacteriaceae. Providing optimal antibiotic exposure is essential to achieving successful response in patients with
VAP. We evaluated exposures of two antipseudomonal cephalosporins, ceftazidime and cefepime, in patients with VAP due to
Gram-negative bacilli to identify the pharmacodynamic parameter predictive of microbiological success. Population pharmaco-
kinetic models were used to estimate individual free drug exposures. Pharmacodynamic indices were determined for each pa-
tient using the baseline Gram-negative bacilli with the highest drug MIC. Classification and regression tree analysis was utilized
to partition exposure breakpoints, and multivariate logistic regression was conducted to identify predictors of microbiological
success. A total of 73 patients (18 receiving ceftazidime therapy and 55 receiving cefepime therapy) were included. MICs ranged
widely from 0.047 to 96 �g/ml. The microbiological success rate was 58.9%. Predictive breakpoints were identified for all phar-
macodynamic parameters, including a serum fT > MIC greater than 53% (P � 0.02). When controlling for APACHE II (odds
ratio [OR], 1.01; 95% confidence interval, 0.93 to 1.09; P � 0.85) and combination therapy (OR, 0.74; 95% confidence interval,
0.25 to 2.19; P � 0.59), achieving a greater than 53% fT > MIC remained a significant predictor of success (OR, 10.3; 95% confidence
interval, 1.1 to 92.3; P � 0.04). In patients with VAP due to Gram-negative bacilli, serum exposure of greater than 53% fT > MIC was
found to be a significant predictor of favorable microbiological response for antipseudomonal cephalosporins. These data are
useful when determining dosing regimens for cephalosporin agents under development for pneumonia.

Even with significant enhancements in the management of me-
chanically ventilated patients, ventilator-associated pneumo-

nia (VAP) remains the most common hospital-acquired infection
in intensive care unit (ICU) patients (1, 2). Ceftazidime and
cefepime are advanced-generation cephalosporins with activity
against a broad spectrum of Gram-positive and Gram-negative
aerobic bacteria, including Pseudomonas aeruginosa and Entero-
bacteriaceae (3, 4, 5, 6, 7). As a result, these agents are routinely
prescribed for empirical coverage of many severe infections and
are recommended as a backbone empirical therapy in the current
VAP guidelines (8). Nevertheless, due to increasing resistance
among bacteria often implicated in VAP, new antimicrobial treat-
ments are needed.

Like other �-lactams, cephalosporins exhibit time-dependent
bactericidal activity where efficacy is correlated with the percent-
age of the dosing interval during which free drug concentrations
remain above the MIC against the organism (% ƒT � MIC) (9,
10). For cephalosporins, animal infection models have demon-
strated that �40% and �60% to �70% ƒT � MICs are necessary
for bacteriostatic activity and bactericidal activity, respectively
(11). Studies in patients with severe infections have identified sim-
ilar pharmacodynamic targets in the range of 45% to 60% fT �
MIC; however, those studies have had mixed infections or had
limited concentration data available for patients when estimating
exposure (12, 13).

The paucity of novel agents to treat resistant Gram-negative
infections has shifted the focus of development efforts largely to-
ward this public health concern (14, 15). In response, at present,
three novel cephalosporins for the treatment of multidrug-resis-
tant (MDR) Gram-negative bacillus infections are under investi-
gation in clinical trials, including plans for study in pneumonia

(16). Knowledge of an accurate exposure threshold that would be
predictive of microbiological response in VAP would be of signif-
icant value when finalizing dosing regimens for study in clinical
trials. Here, we evaluated the serum exposure of two antipseudo-
monal cephalosporins, ceftazidime and cefepime, in patients with
VAP due to Gram-negative bacilli to identify the pharmacody-
namic parameter predictive of microbiological response.

MATERIALS AND METHODS
Study design. This study is a retrospective pharmacokinetic/pharmaco-
dynamic analysis. Demographic, pharmacokinetic, and microbiological
data from patients treated for VAP with cefepime or ceftazidime were
included. Data corresponding to patient demographics (age, gender, and
race) and the following clinical parameters were collected from the med-
ical record: height, weight, creatinine clearance (CLCR) on admission, and
Acute Physiology and Chronic Health Evaluation (APACHE) II score
(17). Pharmacokinetic models were constructed to estimate pharmaco-
dynamic exposure in each included subject. These pharmacodynamic in-
dices were linked to microbiological response to determine the serum
drug exposure predictive of a successful response.

Patients. Patients from previously conducted studies of ceftazidime
(18) and cefepime (19) were compiled. The study was approved by the
Hartford Hospital Institutional Review Board. A waiver of informed con-
sent was granted because all of the data were already in existence and
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collected during the conduct of the original studies. For inclusion, adult
patients (�18 years of age) had to have been diagnosed with VAP and to
have received �3 days of treatment with either ceftazidime or cefepime.
Patients were excluded if they had received an antibiotic with Gram-
negative activity other than an antipseudomonal fluoroquinolone or
aminoglycoside within 24 h before or 72 h after the start of cefepime
therapy. Patients receiving hemodialysis were also excluded. Ceftazidime
patients were those enrolled in a prospective, open-labeled, randomized
controlled study comparing the clinical and microbiological efficacies of
continuous versus intermittent ceftazidime administration in ICU pa-
tients with VAP (18). Briefly, patients randomly received ceftazidime as
either a continuous infusion (CI) or an intermittent infusion (II). For
patients with normal renal function (estimated CLCR, �50 ml/min), the
ceftazidime regimen consisted of either an II of 2 g intravenously (IV)
every 8 h over 30 min or a CI of 3 g over 24 h using an infusion pump.
Patients receiving the CI regimen were given a one-time loading dose of 1
g ceftazidime over 30 min prior to beginning CI. The CI dose was selected
based on pharmacokinetic data and was projected to obtain serum con-
centrations approximately twice that of the Clinical and Laboratory Stan-
dards Institute (CLSI) breakpoint (8 �g/ml) for ceftazidime (20, 21). All
patients enrolled in the study had blood samples collected for ceftazidime
concentrations; these serum concentrations were used to construct the
population pharmacokinetic model. Of these patients, those who had
baseline Gram-negative bacilli identified with available ceftazidime MICs
were eligible for the pharmacodynamic analysis. Cefepime patients were
those included during an observational assessment of a VAP clinical path-
way at our institution between July 2004 and August 2007 (19). Cefepime
dosing was adjusted based on renal function per the VAP clinical pathway
protocol, and many, but not all, of these patients contributed blood sam-
ples for cefepime concentrations during previous development of a
population pharmacokinetic model (22). Patients in both studies were
permitted antibiotic therapy for coverage of methicillin-resistant Staphy-
lococcus aureus, and double coverage for Pseudomonas aeruginosa was en-
couraged.

Microbiological response. Microbiological response was the primary
outcome endpoint used in this study to link with drug exposure. Micro-
biological response was categorized as success (eradication or presumed
eradication) or failure (persistence or presumed persistence) for each pa-
tient. Patients were assessed at the end of treatment or at the time of
institutional discharge as follows: (i) eradication— elimination of the
original causative organism(s) from the site (e.g., sputum) of isolation

during or upon completion of therapy; (ii) presumed eradication—
absence of appropriate fluid (e.g., sputum) for culture and evaluation
coupled with patient clinical improvement; (iii) persistence—failure to
eradicate the original causative organism(s) from the site of infection; and
(iv) presumed persistence—absence of an appropriate follow-up culture
result coupled with a lack of patient clinical improvement.

Pharmacokinetic analysis. (i) Ceftazidime. Ceftazidime serum con-
centrations from included patients were modeled using the nonparamet-
ric adaptive grid program (BigNPAG) in the MM-USC*PACK collection
(23, 24). Model selection was based on log-likelihood values, Akaike’s
information criterion, and visual inspection of observed versus predicted
scatterplots (25). A two-compartment pharmacokinetic model with zero-
order infusion and first-order elimination, utilizing CLCR as a covariate of
clearance, was selected. The following patient-specific parameters were
determined: volume of distribution in the central compartment (V1 [li-
ters]), intercompartmental transfer constants (K12 and K21 [h�1]), and
total body clearance (CL [liters/h]). Total body clearance was determined
using the following equation: CL � Cli � Cls 	 CLCR, where Cli is the
intercept, Cls is the slope parameter, and CLCR was calculated using the
Cockcroft-Gault equation (26). Model weighting was performed based on
the interday assay error variance employing a plot of the assay standard
deviations (SD) versus the measured ceftazidime concentrations, gener-
ating the following first-order polynomial formula: SD � 
(0.0022 � 0.
0629 	 C), where C is the ceftazidime concentration and 
 was identified
to be 1.98. Individual pharmacokinetic parameters were identified using
the population of one utility in BigNPAG.

(ii) Cefepime. Pharmacokinetic parameter estimates for cefepime-
treated patients were derived from a validated population pharmacoki-
netic model of VAP patients at our institution who received high-dose,
prolonged-infusion cefepime, as previously described (22), using CLCR

and total body weight (TBW) as covariates of K10 (elimination rate con-
stant) and V1 (volume of distribution in the central compartment), re-
spectively.

Pharmacodynamic indices. Following the determination of pharma-
cokinetic parameters for each individual, simulations of each patient’s
steady-state serum concentration-time profiles were conducted (Win-
Nonlin software; Pharsight Corp., Mountain View, CA) based on their
treatment drug dosing regimen. In the simulations, protein binding of
15% was assumed for ceftazidime and cefepime to derive free (ƒ) drug
concentrations. The treatment drug MIC for the isolated Gram-negative
pathogen and the free drug exposure value were used to calculate the
following pharmacodynamic indices: % ƒT � MIC, the ratio of maximum
free drug concentration to MIC (ƒCmax/MIC), the ratio of minimum free
drug concentration to MIC (ƒCmin/MIC), and the ratio of the free drug
area under the concentration curve to MIC (ƒAUC/MIC). For patients
with polymicrobial infections, the Gram-negative bacillus with the high-

TABLE 1 Patient characteristics and dosing regimens by drug

Patient characteristic Value

No. (%) of males 50 (68.5)
Mean (SD) age (yr) 52.8 (21.7)
Mean (SD) wt (kg) 78.4 (19.2)
Mean (SD) APACHE II score 16.6 (6.5)
Mean (SD) ClCR (ml/min) 106.6 (50.8)

No. (%) receiving the following ceftazidime regimen: 18 (24.7)
2 g every 24 h (0.5-h infusion) 1 (5.5)
2 g every 12 h (0.5-h infusion) 2 (11.1)
2 g every 8 h (0.5-h infusion) 7 (38.9)
3 g every 24 h (continuous infusion) 7 (38.9)
4.5 g every 24 h (continuous infusion) 1 (5.5)

No. (%) receiving the following cefepime regimen: 55 (75.3)
1 g every 12 h (0.5-h infusion) 15 (27.2)
1 g every 8 h (0.5-h infusion) 10 (18.2)
2 g every 12 h (0.5-h infusion) 2 (3.6)
2 g every 8 h (0.5-h infusion) 20 (36.4)
2 g every 8 h (3-h infusion) 8 (14.5)

TABLE 2 Univariate analysis for association with microbiological
responsea

Variable
Microbiological
failure (n � 30)

Microbiological
success (n � 43)

P
value

Patient age (yr) 54.4 (22.7) 51.6 (21.2) 0.600
No. (%) of male patients 19 (63.3) 31 (72.1) 0.592
Patient wt (kg) 81.3 (25.0) 76.4 (13.8) 0.287
ClCR (ml/min) 115.5 (51.4) 100.4 (50.0) 0.214
APACHE II score 16.1 (6.47) 17.0 (6.5) 0.553
MIC, median (range) 3 (1.5–8.0) 1 (0.25–3.75) 0.006
No. (%) of patients with

combination therapy
23 (76.7) 29 (67.4) 0.553

No. (%) of patients with
ceftazidime therapy

5 (27.8) 13 (72.2) 0.295

No. (%) of patients with
cefepime therapy

25 (45.5) 30 (54.5) 0.295

a All data are listed as mean (SD) unless otherwise specified.
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est treatment drug MIC was used to calculate the pharmacodynamic in-
dices.

Statistical analysis. Classification and regression tree (CART) analysis
(Salford Systems, San Diego, CA) was employed to distinguish microbio-
logical success from failure on the basis of pharmacodynamic exposure.
Pearson’s chi-square test or Fisher’s exact test, where appropriate, was
used for categorical data, including CART-derived breakpoints of micro-
biological response. Continuous variables were analyzed by Student’s t
test or the Mann-Whitney U test. Logistic regression analysis was per-
formed to identify which pharmacodynamic parameter(s), when control-
ling for confounding variables, was independently associated with micro-
biological success. Statistical analyses were performed with SigmaStat
software (SPSS Inc., San Rafael, CA). A P value of �0.05 was considered
statistically significant.

RESULTS
Patient characteristics and microbiological response. Seventy-
three patients with VAP were evaluable for microbiological out-
come; 18 patients received ceftazidime and 55 patients were
treated with cefepime. Patient characteristics and the frequency of
each dosing regimen are presented in Table 1. Combination ther-
apy was common but did not appear to have any impact on mi-
crobiological response. Pseudomonas aeruginosa was the most
common infecting pathogen (63.0%; n � 46) followed by Kleb-
siella pneumoniae (8.2%; n � 6), Enterobacter cloacae (8.2%; n �
6), Escherichia coli (4.1%; n � 3), Haemophilus influenzae (4.1%;

n � 3), Serratia marcescens (4.1%; n � 3), and Acinetobacter bau-
mannii (2.7%; n � 2).

Microbiological response was classified as successful in 58.9%
of patients. When stratified by microbiological response, the de-
mographics of the populations were similar (Table 2). Addition-
ally, there was no difference in microbiological response rates be-
tween ceftazidime-treated patients and cefepime-treated patients.
However, the MIC (median [range]) was significantly higher in
patients with microbiological failure (3 [0.094 to 96] versus 1
[0.047 to 32] �g/ml; P � 0.006).

Population pharmacokinetic model. Thirty-two patients
with serum ceftazidime concentrations were used to develop the
population pharmacokinetic model for this agent. An average of
five serum samples (range, 2 to 7) were collected for each patient.
Seventeen patients received CI and 15 received II ceftazidime, with
the dosage adjusted based on renal function. The final population
pharmacokinetic parameters derived from ceftazidime-treated
patients are shown in Table 3. The predicted versus observed (pre-
Bayesian) population plot for the model fit the population well
(Fig. 1A), with r2, bias, and precision values of 0.72, 0.36, and
20.31 �g/ml, respectively. The individual predicted maximum a
posteriori (MAP) Bayesian versus observed concentration plot
(Fig. 1B) had r2, bias, and precision values of 0.99, �0.011, and
0.96 �g/ml, respectively.

Pharmacodynamic indices. Of the 18 ceftazidime patients, 15
(83.3%) achieved serum ƒT � MIC exposures of 100%. The me-
dian (range) % ƒT � MIC, ƒCmax/MIC, ƒCmin/MIC, and ƒAUC/
MIC values were 100 (31.3 to 100), 42.5 (1.8 to 351.4), 6.26 (0.1 to
62.8), and 483.6 (19.8 to 3,030). Forty-two (76.3%) of the 55
cefepime patients had 100% ƒT � MIC. The median (range) %
ƒT � MIC, ƒCmax/MIC, ƒCmin/MIC, and ƒAUC/MIC values were
100 (0.8 to 100), 29.5 (1.1 to 2,318), 6.14 (0.03 to 318.1), and 293.3
(4.2 to 17,399).

When the populations were combined, most patients (78.1%)
achieved serum ƒT � MIC exposures of 100%, presumably be-
cause of the high-dose regimens recommended for patients on the
VAP clinical pathway at our institution and low MICs in many
situations. As a result, the median (range) % ƒT � MIC for the
total study population was 100 (0.8 to 100). Modest collinearity

TABLE 3 Population pharmacokinetic estimates for ceftazidime in
patients with VAP

Parametera Mean Median SD

Cli (liters/h) 3.84 4.22 2.71
Cls 0.05 0.04 0.036
V1 (liters) 10.86 11.65 6.08
K12 (h�1) 3.35 1.57 4.29
K21 (h�1) 2.4 1.34 2.6
a CLi, nonrenal clearance; CLs, proportion of creatinine clearance estimate contributing
to renal clearance; V1, volume of distribution of the central compartment; K12,
microtransfer rate constant from the central to the peripheral compartment; K21,
microtransfer rate constant from the peripheral compartment to the central
compartment.

FIG 1 (A) Population predicted versus observed ceftazidime concentrations using the mean parameter estimates from the population pharmacokinetic model.
(B) Individual predicted versus observed ceftazidime concentrations with mean population parameters as the maximum a posteriori Bayesian estimates.
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was observed between % ƒT � MIC and the other pharmacody-
namic parameters despite significant plateaus at 100% ƒT � MIC
(Fig. 2). However, due to the range of MICs (ceftazidime MICs,
0.25 to 32 �g/ml; cefepime MICs, 0.047 to 96 �g/ml), ƒCmax/MIC,
ƒCmin/MIC, and ƒAUC/MIC exposures differed widely, resulting
in median (range) values of 32.7 (1.1 to 2,318.3), 6.14 (0.03 to
318.1), and 299.6 (4.2 to 17,398.6).

Pharmacodynamic breakpoint. The CART-derived pharma-
codynamic parameters values partitioning microbiological suc-
cess versus failure are included in Table 4. These identified break-

points were tested for statistical significance in univariate analysis,
and all pharmacodynamic indices remained significant predictors
of response. Multivariate logistic regression analysis was con-
ducted to assess confounding variables and is presented in Table 5.
The following variables were entered into the model: % ƒT �
MIC, APACHE II, ClCR, and combination therapy. MIC was not
entered in the model as this variable is accounted for in determi-
nation of the pharmacodynamic parameters. When controlling
for APACHE II (odds ratio [OR], 1.01 [95% confidence interval,
0.93 to 1.09]; P � 0.85) and combination therapy (OR, 0.74 [0.25
to 2.19]; P � 0.74), achieving greater than 53% ƒT � MIC re-
mained a significant predictor of microbiological response. No
patient characteristics (e.g., age, weight, ClCR) were statistically
predictive of response.

DISCUSSION

There have been a number of investigations evaluating cephalo-
sporin pharmacodynamics in humans (12, 13, 27, 28). Little of the
attention has focused on a single site of infection among the mem-
bers of an exclusively adult critically ill population. The potential
advantages of employing such a focus are 2-fold. First, doing so
eliminates the uncertainty that comes with extrapolating compos-
ite data from various populations (i.e., data from healthy volun-
teers and other sites of infection), as significant variability in phar-
macokinetic parameters can be seen between healthy and infected
individuals (29). This is an important distinction, which in turn
improves the likelihood of emulating the true population of inter-
est. Second, antibiotic concentrations at the site of infection can
differ from those seen in serum, depending on the physiochemical
properties of the compound and the infected tissue (30). Further-
more, physiological changes and interpatient variations in criti-
cally ill patients can drastically affect the pharmacokinetics of
cephalosporins (31–34). The considerations mentioned above
make the use of a standard dose for cephalosporins (in this case,
ceftazidime and cefepime) unlikely to provide appropriate expo-
sures for all patients and could lead to higher rates of failure,
resistance, and, in some cases, toxicity (35, 36). In the present

FIG 2 Colinearity between %ƒT � MIC and ƒCmax/MIC (A), ƒCmin/MIC (B),
and ƒAUC/MIC (C) for the 73 patients with VAP treated with ceftazidime
(open triangles) and cefepime (closed circles).

TABLE 4 Results from CART and univariate logistic regression analyses
to determine which pharmacodynamic indices significantly predict
microbiological response and the associated breakpoints for success

Parameter

Classification and regression Logistic regression

%
breakpoint

% response
rate
(above,
below) P

Odds ratio (95%
confidence interval) P

% ƒT � MIC 53 63.6, 14.3 0.017 10.50 (1.19–92.48) 0.034
ƒAUC/MIC 529 92.3, 40.4 �0.001 17.68 (3.73–83.79) �0.001
ƒCmax/MIC 6 67.7, 9.1 �0.001 21.00 (2.51–175.56) 0.005
ƒCmin/MIC 12 92.0, 41.7 �0.001 16.10 (3.40–76.21) �0.001

TABLE 5 Results of the multivariate logistic regression analysis for
predicting microbiological success

Model parameter
Odds ratio (95%
confidence interval) P

% ƒT � MIC � 53 10.3 (1.15–92.28) 0.04
APACHE II score 1.01 (0.93–1.09) 0.85
Combination therapy 0.74 (0.25–2.19) 0.59
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study, population pharmacokinetic models were used to derive
the pharmacokinetic parameters in serum of patients with VAP
treated with either ceftazidime or cefepime in order to predict
individual exposures and their correlation with microbiological
response.

With the increased prevalence of MDR Gram-negative organ-
isms in VAP, ceftazidime’s and cefepime’s spectrum of activity has
sparked rejuvenated interest in understanding their pharmacody-
namics. Furthermore, such data are paramount in decision sup-
port for the development of dosing regimens for new antimicro-
bials. Target pharmacodynamic exposures are traditionally
derived from in vitro and in vivo animal infections models, with
limited human data to validate these findings. Human studies
with cephalosporins have produced variable % ƒT � MIC expo-
sure data for microbiological success (12, 13, 37). Others have
suggested enhanced �-lactam activity by maintaining a ƒCmin/
MIC � 4 to 6 (37, 38). In the current study of VAP patients,
attainment of specific pharmacodynamic exposures was associated
with favorable microbiological response for antipseudomonal ceph-
alosporins, including a serum ƒT � MIC value compatible with ani-
mal infection models (9–11). While all pharmacodynamic indices
displayed predictive relationships, our observations are consistent
with findings from other studies in that microbiological success
was significantly associated with achieving free drug exposures of
greater than 53% ƒT � MIC.

Muller and colleagues saw favorable clinical and microbiolog-
ical outcomes with ceftazidime in nosocomial pneumonia when
patients had a greater than 45% ƒT � MIC (13). Their population
pharmacokinetic model was derived from 75 patients with noso-
comial pneumonia, 8 healthy volunteers, and 6 additional ICU
patients. We developed a ceftazidime model specifically in the
VAP population to accurately estimate drug exposures for all 18
included ceftazidime patients. The cefepime model used here is
the same utilized in a pharmacodynamic analysis of cefepime in
patients infected with P. aeruginosa performed at our institution
by Crandon and colleagues (12). All sites of infection were in-
cluded except the urinary tract, and the researchers found an as-
sociation with microbiological failure in patients with less than
60% ƒT � MIC for cefepime. A strength of the current study is
that the models used were derived strictly from a population of
patients with VAP and identified similar ƒT � MICs.

Given the high proportion of relatively low MICs (median, 2
�g/ml) against the causative pathogens, % ƒT � MIC was not
uniformly distributed across the population, resulting in a major-
ity of patients with 100% ƒT � MIC. We observed collinearity
between ƒT � MIC and the other pharmacodynamic indices (Fig.
2), which we believe is responsible for the significant correlation
with response identified with all parameters. This observation is
not uncommon; Li and colleagues saw a similar occurrence in a
pharmacodynamic analysis of meropenem in lower respiratory
tract infection, where ƒT � MIC and ƒCmin/MIC were highly co-
linear and predictive of microbiological success (39). Like the cur-
rent study results, the median % ƒT � MIC was 100%, with ap-
proximately 80% of patients achieving this value. In the current
study, ƒCmax/MIC and ƒAUC/MIC breakpoints were also signifi-
cantly predictive of microbiological success, emphasizing the re-
lationship between exposure and response. Due to our knowledge
surrounding the pharmacodynamics of cephalosporins, only the
% ƒT � MIC value was used when conducting multivariate anal-
yses.

This study is not without limitations. Although this is a retro-
spective study of data from two different time periods, the main-
stay of treatment for VAP is antibiotic chemotherapy. Therefore,
we employed microbiological response as an endpoint, instead of
clinical response or mortality, to alleviate any concerns surround-
ing changes in the standard of care for VAP patients. Second, while
ceftazidime concentration data were available for each patient,
cefepime exposures were estimated using a validated population
pharmacokinetic model based on patient covariates. This model
was derived from cefepime-treated patients with VAP at the same
institution and with the drugs used in dosages similar to those
used in the current analysis, and many of these patients contrib-
uted concentrations to the original model. Last, assessing patients
who were treated with two different agents allowed for a larger
sample size but did introduce a potential confounder, which
should be considered when interpreting these findings. However,
given the similarity between the two agents, it is not unreasonable
to predict they would have similar pharmacodynamic targets.

In patients with VAP, a significant relationship between anti-
biotic exposure and microbiological outcome was observed with
antipseudomonal cephalosporin therapy. Notably, a serum ƒT �
MIC greater than 53% was associated with microbiological suc-
cess. In addition to these cephalosporins, these data may have
application in the design of optimal dosing regimens for future
cephalosporins under development for the treatment of VAP.
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