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Broad-spectrum b-lactams in obese non-critically ill patients
M Hites1, FS Taccone2, F Wolff3, E Maillart1,4, M Beumier2, R Surin1, F Cotton3 and F Jacobs1

OBJECTIVES: Obesity may alter the pharmacokinetics of b-lactams. The goal of this study was to evaluate if and why serum
concentrations are inadequate when standard b-lactam regimens are administered to obese, non-critically ill patients.
SUBJECTS AND METHODS: During first year, we consecutively included infected, obese patients (body mass index (BMI)
X30 kg m� 2) who received meropenem (MEM), piperacillin-tazobactam (TZP) or cefepime/ceftazidime (CEF). Patients with severe
sepsis or septic shock, or those hospitalized in the intensive care unit were excluded. Serum drug concentrations were measured
twice during the elimination phase by high-performance liquid chromatography. We evaluated whether free or total drug
concentrations were 41 time (fT4minimal inhibition concentration (MIC)) or 44 times (T44MIC) the clinical breakpoints
for Pseudomonas aeruginosa during optimal periods of time: X40% for MEM, X50% for TZP and X70% for CEF.
RESULTS: We included 56 patients (median BMI: 36 kg m� 2): 14 received MEM, 31 TZP and 11 CEF. The percentage of patients who
attained target fT4MIC and T44MIC were 93% and 21% for MEM, 68% and 19% for TZP, and 73% and 18% for CEF, respectively.
High creatinine clearance (107 (range: 6–398) ml min� 1) was the only risk factor in univariate and multivariate analyses to predict
insufficient serum concentrations.
CONCLUSIONS: In obese, non-critically ill patients, standard drug regimens of TZP and CEF resulted in insufficient drug
concentrations to treat infections due to less susceptible bacteria. Augmented renal clearance was responsible for these low serum
concentrations. New dosage regimens need to be explored in this patient population (EUDRA-CT: 2011-004239-29).
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INTRODUCTION
Obesity, defined by the World Health Organization as a body mass
index (BMI) greater or equal to 30 kg m� 2, is a worldwide
uncontrolled epidemic: in 2005 it was estimated that 400 million
adults were obese, whereas it is projected that more than 700
million will be obese in 2015.1 Obesity is a risk factor for more
frequent and longer hospital stays, and for more post-operative
and hospital-related infections. Optimal management of these
infections requires early administration of appropriate antibiotics.
Both the choice of the antibiotic and the administration of
an appropriate dose (according to pharmacokinetic/pharmaco-
dynamic (PK/PD) principles) are important factors to improve the
outcome of severe infections.2

Recommended daily doses of antibiotics are based on PK
studies performed essentially in non-obese patients. However, the
PK of hydrophilic antibiotics that are essentially eliminated by
renal clearance, like b-lactams, may be altered in obese patients.
Indeed, the volume of distribution (VD) may be increased because
of greater lean body mass and more adipose tissue, and renal
clearance may be either increased because of greater kidney mass
and global filtration or decreased because of chronic hypertensive
or diabetic nephropathy.2

Lower b-lactam serum concentrations in obese than in non-
obese patients have been reported in sparse case reports and
limited case series.3–6 However, we previously showed that in
critically ill patients, inadequate serum concentrations of broad-
spectrum b-lactams were mainly due to sepsis alone, rather than
to obesity.7 In a recent study, Sturm et al. also showed that obese,
critically ill patients do not need higher dosage regimens of

piperacillin-tazobactam (TZP) than non-obese individuals.8 The
question remains: is obesity responsible for significant PK changes
of b-lactams in infected, but not critically ill patients? The aim of
this study was to evaluate the adequacy of standard b-lactam
dosage regimens in infected, obese but not critically ill patients
and to identify risk factors associated with inadequate drug
concentrations.

SUBJECTS AND METHODS
Study design and data sources
This prospective study was conducted at Erasme hospital, an 858-bed
university hospital, between 1 October 2011 and 30 September 2012. Adult
patients (X18 years of age) were included if they had a BMI X30 kg m� 2,
and were receiving ceftazidime or cefepime (CEF), TZP or meropenem
(MEM) for a suspected or confirmed infection. Exclusion criteria were
severe sepsis or septic shock and those admitted to the intensive care unit.
Patients could be included more than once if they received another study
antibiotic.

Antibiotic treatment and serum sampling
The clinician’s choice of antibiotic therapy was based on local guidelines.
All patients received standard dosage regimens: 2 g three times a day for
CEF, 4 g four times a day for TZP or 1 g three times a day for MEM. In case
of renal failure, the first dose remained unchanged, but the subsequent
doses were adapted to the creatinine clearance (CrCL) calculated using the
Cockroft-Gault formula (CrCLCG)9 as shown in Supplementary Table 1.

Two blood samples (3 ml each) were taken to assess drug concentrations:
one just before (T0) and the second, 2 h (T2) after the onset of the 30-min
infusion of the antibiotic. Exact sampling times were recorded. Samples were
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kept on ice and sent directly to the clinical chemistry laboratory, where they
were centrifuged at 3000 r.p.m. at 4 1C for 10 min before the supernatant
was removed and analyzed. High-performance liquid chromatography
connected to ultraviolet spectrophotometry was used to measure the serum
concentrations of b-lactams. For TZP concentrations, only piperacillin levels
were measured because the PK of piperacillin and tazobactam are highly
correlated. The lower and upper limits of quantification for each b-lactam
analyzed were 2 and 200 mg l� 1, respectively. The coefficient of variation for
each b-lactam never exceeded 11%.10

Data collection
Demographic data, co-morbidities, site of infection, causative pathogens,
antibiotic dosage regimen administered, number of days of antibiotic
therapy, the day of serum sampling and biological data were recorded.

Estimation of serum concentrations at any given time and PK
analyses
A one-compartment model was used to perform PK analyses: assuming
that the steady state was reached, considering the exponential elimination
of drugs in one-compartment models, and that sampling was performed
during the elimination phase, the following equation [ln Ct¼ � ketþ lnC0]
was used to estimate the serum concentrations of the drug at one given
time, where Ct is the measured serum concentration at the specified time,
C0 is the virtual serum concentration at the beginning of the elimination
phase and ke is the elimination constant. On the basis of the dose interval,
the time in % spent above the clinical breakpoint was estimated. Other PK
variables, such as VD, total body clearance (CL) and elimination half-life
(t½), could then be calculated by using conventional PK equations:
t½¼ 0.693/ke, and VD¼ (dose of antibiotic administered)/C0 and CL¼
VD� ke. PK parameters were evaluated for the entire cohort, and in the
subgroup of patients with CrCL 480 ml min� 1.10

Clinical breakpoints, PK and PD criteria
The European Committee on Antimicrobial Susceptibility Testing (EUCAST)
has defined clinical breakpoints of microorganisms for different anti-
microbial therapies by taking into account in vitro and in vivo PK/PD data.
The clinical breakpoints for susceptibility have been fixed to ensure a good
probability of therapeutic success, translating into a probability of PD
target attainment greater than 90%. The PD target for b-lactams used by
EUCAST is the free fraction (fT)41� minimal inhibition concentration
(fT4MIC) during 40–50%, 50–60% and 60–70% of the dosage interval for
MEM, TZP and CEF, respectively.11 However, another PD target also
frequently used is the total fraction (T)44�MIC (T44MIC) for 40%, 50%
and 70% of the dosage interval for MEM, TZP and CEF, respectively.7,10,12

Each patient was classified as having a serum concentration less than or
greater than the 2 PD targets for pathogens with different MIC values. To
calculate the fT, we considered that 2%, 30% and 15% of MEM, TZP and
CEF, respectively, were bound to protein.13–16 The percentage of patients
who reached each PD target was calculated for different MICs, and
more specifically for infections caused by Enterobacteriaceae spp. and
P. aeruginosa, based on EUCAST’s clinical breakpoints for these pathogens:
2 mg l� 1 for MEM, 8 mg l� 1 and 16 mg l� 1 for TZP and 1 mg l� 1 and
8 mg l� 1 for CEF, respectively.17 In accord with EUCAST, a percentage of PD
target attainment less than 90% was considered insufficient.

Urinary CrCL
Twenty-four-hour urine collections were performed. Urinary CrCL was
calculated using the following equation: CrCL24h (ml min� 1)¼ (Urine
creatinine (mg dl� 1)� volume (ml))/(Plasma creatinine concentration
(mg dl� 1)� 1440). CrCL24h values were compared with CrCLCG values;9 if
significantly different, then the impact on the delivered drug regimen was
assessed. Correlations between CrCL24h and the percentage of patients
who attained the PD target were also examined.

Body size descriptors
The patient’s total body weight (TBW; kg), height (HT; cm) and abdominal
circumference were measured on day of serum sampling. This information
was then used to estimate different body size descriptors as described by
Green et al.18 The body surface area (BSA; m2), the ideal body weight (IBW;
kg), the fat-free mass (FFM; kg), the lean body weight (LBW; kg),
the adjusted body weight (ABW; kg) and the percent ideal body
weight (PIBW; %) were calculated using the following equations:

BSA¼ TBW0.425�HT0.725� 0.007184; IBW¼ 45.4þ 0.89�HT (cm)� 152.4)
þ 4.5 for males and 45.4þ 0.89�HT (cm)� 152.4) for females;
FFM¼ 0.285� TBWþ 12.1�HT (m)2 for males and 0.287� TBWþ
9.74�HT (m)2 for females; LBW¼ 1.1� TBW–0.0128�BMI� TBW for
males and 1.07� TBW–0.0148� BMI� TBW for females; ABW¼ IBWþ
0.4(TBW–IBW); and finally PIBW¼ (TBW� IBW)/IBW� 100.

Risk factors for failure to reach PD targets
Risk factors for failure to reach PD targets were evaluated. The explored
variables were: age, sex, early sampling (defined as sampling performed
during the first 48 h of antibiotic treatment), CrCL24h and the different body
size descriptors.

Ethics
The research was conducted in accordance with the Declaration of
Helsinki, national and institutional standards. The study was approved by
the Erasme Hospital’s Ethics Committee (registration number: P2011/258),
and approved by the Belgian Regulatory Agency (2011-004239-29). Written
informed consent was obtained from all patients.

Statistical analysis
Descriptive statistics were performed for all study variables. Discrete
variables are expressed as counts (percentage) and continuous variables as
median (range). Categorical data were compared using the w2-test or
Fisher’s exact test, as appropriate. Continuous variables were compared
using the Mann–Whitney U-test. Multivariate logistic regression analysis
with insufficient drug concentrations as the dependent variable was
performed in all patients: only variables associated with a higher risk of
inadequate concentrations (Po0.2) on a univariate basis were introduced
in the multivariate model. Co-linearity between variables was excluded
before modeling. Odds ratio with 95% confidence intervals were
computed. All tests were two-sided and P-values less than 0.05 were
considered significant.

Post-hoc analysis
As patients with neoplasia represented 30% of our patients, we re-analyzed
our data after excluding this subgroup of patients.

Furthermore, because high CrCL was identified as the only factor
associated with insufficient serum concentrations to treat bacteria with
high MICs in our cohort, we performed a post-hoc analysis concerning
CrCL. We also compared age, sex and TBW between patients with CrCL24h

greater than 150 ml min� 1 to those with a CrCL24h lower than
150 ml min� 1.

RESULTS
We included 56 patients: 14 received MEM, 31 received TZP and
11 received CEF. Serum sampling were performed after 3 (1–10)
days of treatment. Demographic, biological and clinical character-
istics and size descriptors are presented in Table 1.

The PK variables of b-lactams obtained in our cohort of obese
patients were compared with those found in the literature in non-
obese patients,4,13–14,16,19–24 which are presented in Table 2. Total
serum concentrations and fT at 40%, 50% and 70% of the dosage
intervals of MEM, TZP and CEF, respectively, were as follows: 6.2
(2.0–13.4) mg l� 1 and 6.1 (2.0–13.1) mg l� 1 for MEM, 36.7
(5.4–108.8) mg l� 1 and 25.7 (3.8–76.2) mg l� 1 for TZP and 16.1
(2–64.4) mg l� 1 and 12.5 (2.0–54.7) mg l� 1 for CEF. Figure 1
shows the percentage of patients that attained the 2 PD targets
for the different MICs studied. When evaluating the fT4MIC for
Enterobacteriacae spp., adequate serum concentrations were
obtained in 93% of patients receiving MEM, 84% of patients
receiving TZP and 91% of patients receiving CEF. For infections
due to P. aeruginosa, adequate fT4MIC were obtained in 93% of
patients receiving MEM, 68% of patients receiving TZP and 73% of
patients receiving CEF. When we evaluated the T44MIC for
Enterobacteriacae spp., lower percentages of patients reached PD
targets for all antibiotics, except for CEF: 21% for MEM, 55% for
TZP and 91% for CEF. For infections due to P. aeruginosa, even
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fewer patients reached optimal T44MIC for all antibiotics: 21% for
MEM, 19% for TZP and 18% for CEF. In the post-hoc analysis,
overall results were no different than those obtained when the
sub-group of patients with neoplasia were excluded from the data
analysis (data not shown).

The CrCL24h was 107.0 (6.0–389.0) ml min� 1: more than 50% of
the patients had a CrCL24h 4107 ml min� 1 and over 25% of
patients had a CrCL24h 4150 ml min� 1. CrCLCG and CrCL24h were
compared. Four patients did not have a 24-h urine collection, and
were thus excluded from this part of the analysis. CrCL obtained
by CrCLCG (134 (26–469) ml min� 1) was no different from CrCL24h

(107 (6–389) ml min� 1, P¼ 0.86). However, 5 patients (10%) would
have received even lower total daily doses if based on CrCL24h,
and not on CrCLCG. When patients with a CrCL24h greater than
150 ml min� 1 were compared with those with a CrCL24h less than
150 ml min� 1, patients were not more frequently male ((8/13
(62%) versus 17/39 (44%), P¼NS) and not younger (37 (18–77)
versus 64 (26–87), P¼NS). Plasma creatinine values were also
similar (0.6 (0.3–1.0) mg dl� 1 versus 1.0 (0.4–4.4) mg dl� 1, P¼NS).

Risk factors for failure to reach PD targets for infections due to
P. aeruginosa when standard doses were administered are shown
in Table 3. Size descriptors were not identified as risk factors. High
CrCL24h was the only factor detected by both univariate and
multivariate analysis. The relationship between CrCL24h and the

percentage of patients with adequate serum concentrations is
shown in Figure 2: as CrCL24h increased, the percentage of
patients with adequate serum concentrations decreased.

DISCUSSION
In our study, we showed that when standard doses were
administered to infected, obese, non-critically ill patients, an
insufficient number of patients treated with TZP or CEF reached
therapeutic serum concentrations according to established criteria
to treat an infection due to P. aeruginosa. However, when aiming
to treat infections due to Enterobacteriaceae spp., only patients
treated with TZP did not attain these therapeutic concentrations.
When considering more severe PD targets (T44MIC), only
treatment of infections due to Enterobacteriaceae spp. with CEF
permitted more than 90% of patients to attain therapeutic serum
concentrations and none of the antibiotics attained the PD target
when treating infections due to P. aeruginosa. The low antibiotic
serum concentrations observed in our obese cohort was
attributed to an increase in VD and CL for all of the studied
drugs, compared with non-obese patients. In agreement with the
observed increased drug CL, an augmented renal clearance (ARC),
defined by a CrCL of more than 150 ml min� 1, was found in 25%
of our obese cohort. ARC was the only risk factor identified for
failure to reach therapeutic concentrations for infections due to
P. aeruginosa.

There are sparse data in the literature on the PK of broad-
spectrum b-lactams in obese, non-critically ill patients: one PK
study in 10 obese patients who received cefepime for prophylaxis
during bariatric surgery,3 two case reports on the PK of TZP in 2
morbidly obese individuals4,5 and one PK study on the
administration of TZP as a prolonged infusion in 14 obese,
infected individuals.6 Our data are concordant with these data,
suggesting that PK parameters are altered in obese, non-critically
ill patients. The VD and CL of the antibiotics in our cohort were
increased compared with values reported in PK studies in non-
obese patients.4,13,14,16,19–24 Together, these data suggest that
standard dosage regimens, particularly for TZP, are insufficient in
obese, non-critically ill patients. Insufficient serum concentrations
could be the cause for the lower cure rates observed by Zakrison
et al. in obese patients when compared with non-obese patients
treated with TZP for complicated intra-abdominal infections.25 The
greater VD and CL may justify both higher loading and total daily
doses in obese patients.

The t1/2 of the antibiotics in our cohort was also increased
compared with values reported in PK studies in non-obese
patients.4,13,14,16,19–24 The t1/2 depends upon both the VD and CL,
and changes in t1/2 may reflect changes in VD, CL or both. In our
study, we believe that the increase in t1/2 was due to the increase
in the VD, as suggested by Barbour et al. in a PK study on
cefuroxime in obese patients.26 The VD in our study appears to
have a greater impact on the t1/2 of the b-lactams studied than the
increase in CL, because otherwise we should have observed no
change or a decrease in t½.

We showed that when using EUCAST criteria for clinical efficacy,
less than 90% of patients attained PD targets for TZP and CEF for
the treatment of infections due to P. aeruginosa or less susceptible
pathogens. Until now, the literature concerning the impact of
inadequate antibiotic serum concentrations on the clinical cure of
infections is sparse outside of the intensive care unit setting.
However, the worldwide epidemiology is changing and the MICs
of different pathogens are increasing over time. In the future,
patients with lower antibiotic serum concentrations will be at
greater risk for therapeutic failure, or selection of even more
resistant pathogens.

The less frequently used PD target of T44MIC was explored
concomitantly to EUCAST’s PD targets because certain clinical
situations may justify the use of this more severe PD target to

Table 1. Demographic, biological and clinical characteristics of all
patients

Variables Patients (n¼ 56)

Age (years) 61 (18–84)
Male/female 28/28
Weight (kg) 103 (81–153)
Abdominal circumference (cm) 127 (99–177)

Body size descriptors
Body mass index (kgm� 2) 36 (30–54)
Ideal body weight (kg) 64 (41–80)
Percent of ideal body weight (%) 163 (128–272)
Fat-free mass (kg) 58 (47–74)
Lean body weight (kg) 60 (35–80)
Adjusted body weight (kg) 80 (61–105)
Body surface area (m2) 2.1 (1.8–2.6)

Co-morbidities
COPD 12 (21)
Hypertension 18 (32)
Diabetes 24 (43)
Chronic renal insufficiency (serum creatinine4
2.5mgdl� 1)

3 (5)

Malignancy 18 (32)
Neutropenia or immunosuppressive treatment 9 (16)

Site of infection
Abdomen 19 (34)
Skin 12 (21)
Lungs 11 (20)
Urinary tract 6 (11)
Other 8 (14)

Pathogens
Enterobacteriaceae 24 (43)
Streptococcus spp. 10 (18)
Staphylococcus spp. 7 (13)
Pseudomonas aeruginosa 6 (11)
Stenotrophomonas 1 (2)
Unidentified 11 (20)

Positive blood cultures 16 (29)

Abbreviation: COPD, chronic obstructive pulmonary disease. Data are
expressed as counts (percentage) or median (range).
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ensure therapeutic success and limit the emergence of resistance
to antibiotics. In vitro studies have shown that maximum killing of
P. aeruginosa occurs at four to six times the MIC.27,28 A patient
with septic shock from P. aeruginosa septicaemia was clinically
cured only when serum concentrations of MEM reached T44MIC
of the P. aeruginosa for 40% of the dosing interval.12 Furthermore,
30% of our patients had malignancies and were undergoing
oncological treatment; in vitro studies have confirmed that
neutropenic individuals need higher PK/PD targets than non-
neutropenic individuals for effective antibiotic treatment.29

The only risk factor for failure to reach PD targets, identified by
univariate and multivariate analysis, was increased CrCL, but
surprisingly not body size descriptors. A high CrCL24h was observed
in our cohort despite a median age of 61 years and many
co-morbidities (43% were diabetic and 32% hypertensive). The high
CrCL was not more frequent in case of neoplasia or in function of
demographic data (age, sex and so on), however, our cohort was
small. More than half of the patients had a CrCL24h greater than
100 ml min� 1, and 25% had a CrCL24h greater than 150 ml min� 1,
concordant with the observed increased antibiotic CL in our cohort
compared with non-obese individuals. As CrCL increased, the
percentage of patients with adequate serum concentrations
decreased. Only patients with a CrCL of less than 80 ml min� 1

had a high probability (490%) of attaining therapeutic serum
concentrations when treating infections due to P. aeruginosa.

ARC refers to enhanced renal elimination of circulating
hydrophilic solutes and has been mostly described in critically ill
patients. A strong association between increased CrCL and
insufficient b-lactam concentrations has already been reported,
suggesting the need for higher than recommended dosage
regimens in this setting.30 Furthermore, ARC is associated with
worse clinical outcome in critically ill patients receiving standard
doses of antimicrobial therapy.31

Table 2. PK variables of MEM, TZP and CEF in the obese cohort, in
those with a measured or estimated creatinine clearance greater than
80mlmin� 1 and data in non-obese patients found in the literature

PK variables
for each
antibiotic

Obese
cohort

(N¼ 56)

Obese cohort
with CrCL24h or

CrCLCG 480
ml min� 1

(N¼ 36)

Non-obese patients
[4,13–14,16,19–24]

MEM
VD (L) 48.0±25.1 54.6±23.6 12.5–17.8
VD (L)/kg 0.5±0.2 0.5±0.2 0.2
CL (L/H) 18.0±9.0 19.9±8.8 9.4–13.2
t½ (H) 2.0±0.9 2.0±0.9 1.0

TZP
VD (L) 31.4±26.0 26.9±15.9 8.2–15.8
VD (L)/kg 0.3±0.3 0.2±0.1 0.2
CL (L/H) 8.9±4.7 13.1±10.4 8.0–14.5
t½ (H) 2.2±1.8 1.5±1.4 0.6–1.1

CEF
VD (L) 33.9±27.7 42.9±31.6 14.3–19.3
VD (L)/kg 0.3±0.2 0.4±0.3 0.2
CL (L/H) 13.1±20.1 18.7±23.9 5.6–9.1
t½ (H) 3.1±2.2 2.2±0.8 1.3–2.0

Abbreviations: CEF, cefepime/ceftazidime; CL, total body clearance; CrCL24h,
measured urinary creatinine clearance using 24-h urine collect; CrCLCG,
calculated creatinine clearance using the Cockcroft-Gault equation; MEM,
meropenem; PK, pharmacokinetic; t½: half-life; TZP, piperacillin-tazobactam;
VD, volume of distribution. Data for the obese cohort are expressed as mean
values with standard deviations. Data for the non-obese patients are
expressed in ranges of mean values found in the literature.

Figure 1. Percent of patients who attained different pharmacodynamic targets for different minimal inhibition concentrations (MICs). fT, serum
concentration of the free fraction of the b-lactam; T, serum concentration of the total fraction of the b-lactam. Solid vertical line, clinical
susceptibility breakpoint for Pseudomonas aeruginosa, according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST);
Dashed vertical line: clinical susceptibility breakpoint for Enterobacteriacae spp, according to EUCAST.

b-Lactams in obese patients
M Hites et al

4

Nutrition & Diabetes (2014) 1 – 7 & 2014 Macmillan Publishers Limited



Increased CrCL has also been described in the obese
individual,32 with reported CrCL similar to those observed
in our cohort. Salazar and Corcoran33 and Chew-Harris et al.34

reported significantly higher CrCL24h in obese than non-
obese, non-infected patients (169.0±34.5 ml min� 1 and 159.2
(112.4–211.9) ml min� 1 in obese patients compared with
123.0±14.4 ml min� 1 and 135.9 (104.6–195.6) ml min� 1 in non-
obese individuals, respectively). A median CrCL greater than
150 ml min� 1 with an upper range up to 443 ml min� 1 was also
reported in small case series of obese individuals (healthy
volunteers, infected and non-infected patients).6,35–37 However,
high CrCL has never been associated with insufficient b-lactam
serum concentrations or therapeutic failure in this patient
population. The only studies showing a correlation between
CrCL and CL of a hydrophilic molecule in obese patients are PK
studies on vancomycin, resulting in lower than predicted serum
concentrations compared with normal-weight patients.37,38

It has already been shown that none of the current existing
equations to estimate glomerular filtration are adequate to
properly identify ARC in the intensive care unit patient; ARC is
best identified in the clinical setting by urine collects lasting
several hours.30 In our study, we found no difference in measured
and estimated CrCL, but our study was probably underpowered
for this analysis. In other studies, CrCLCG has been shown to over-
estimate CrCL24h in obese patients,32 thus providing an
explanation why five patients in our cohort received greater
doses of antibiotics than if their dosage regimen had been
adapted to their CrCL24h. ARC has probably been overlooked in
the obese patient population because very few studies actually
measure or estimate CrCL in infected, obese, non-critically ill
patients, particularly when patients appear to have a ‘normal’
renal function such as a serum creatinine value less than
1.0 mg dl� 1. Furthermore, PK studies in obese patients are very
limited, and cohorts are small. More studies are needed to identify
obese patients with ARC. However, even if a patient with ARC is
identified, there is currently no recommended upward daily dose
adjustment for patients with a CrCL 480 ml min� 1.

Our study has some limitations. First, this is a preliminary,
simplified PK study on a heterogeneous cohort in terms of type of
infection, causative pathogens and time of blood sampling, not
designed to evaluate the impact of adequate dosage on outcome.
Furthermore, we calculated the percentage of patients who
reached PD targets, instead of using techniques such as Monte–
Carlo simulation to calculate the probability of PD target
attainment.

Second, as in all other published series on obese, infected
patients, the fT of b-lactams was not measured, but estimated,
despite that the fT may be different in obese than in non-obese
patients. Third, we did not perform a case–control study but
compared our results to data from the literature. We did use
PK/PD criteria for efficacy as proposed by EUCAST for the general
population. If obese patients were like the general population in
terms of PK parameters, more than 90% of our patients receiving
MEM, TZP and CEF should have attained the PD target of fT4MIC.
Fourth, only ARC was identified as a factor for insufficient serum
concentrations by univariate and multivariate analysis. The
sample size of our cohort may have been too small to identify
other factors. Finally, the median BMI of our patients was
36 kg m� 2, with only a very few patients with a BMI 450 kg m� 2.
Serum concentrations may be even lower in a more obese
patient cohort.

This study was performed to determine whether or not a more
detailed PK study on b-lactams in obese, infected not critically ill
patients is warranted. Because our study does suggest that PKs of
b-lactams are truly altered in obese patients, a PK study on obese
and non-obese individuals, with detailed serum sampling,
measurement of fT and utilization of techniques such as
Monte–Carlo simulation is currently being carried out.Ta
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CONCLUSIONS
Standard doses of MEM, TZP and CEF resulted in serum
concentrations too low to treat infections due to bacteria with
high MICs in obese, non-critically ill patients. We identified ARC as
the major risk factor for these low serum concentrations. Based on
this study, we have initiated a more detailed PK study on broad-
spectrum b-lactams in obese patients. PK variables and the impact
of factors like ARC on this patient population will be better
characterized to recommend appropriate daily doses in a near
future.
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