
PHARMACOKINETICS AND DISPOSITION

Evaluation of a non-parametric modelling for meropenem in critically
ill patients using Monte Carlo simulation

Ana Isabel Idoate Grijalba1 & Azucena Aldaz Pastor1 & Pierre Marquet2,3,4 & Jean-Baptiste Woillard2,3,4

Received: 13 March 2019 /Accepted: 4 July 2019 /Published online: 23 July 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose In critically ill patients treated with meropenem, the proposed pharmacokinetics/pharmacodynamics (PK/PD) efficacy
index is to keep the free drug concentration 4–5 times above the minimum inhibitory concentration (MIC) of the germ isolated,
for 100%of the interval regimen. The objectives were to design a population pharmacokinetics model for meropenem in critically
ill patients and to evaluate different dosage schemes that achieve the optimal PK/PD objectives.
Methods This retrospective, observational, single-centre study included 80 critically ill patients (154 samples) treated with
meropenem between May 2011 and December 2017. Patient data, concentrations, treatment and bacteriological variables were
collected from electronic medical records. Total and free concentrations of meropenem were modelled in Pmetrics. Monte Carlo
simulations were performed to assess the probability of achieving the PK/PD target for different dosage regimens. For patients
with available data, the number of patients with a free concentration 4 times higher or lower than the observed MIC for the
P. aeruginosa and E. coli was investigated.
Results A one-compartment model with first-order elimination adequately described serum total and free meropenem concen-
trations. The only variable that significantly influenced the elimination constant of meropenem was the creatinine clearance
(CLcr) calculated using the CKD-EPI formula. The highest probability of achieving the pharmacodynamic objective was with 3-
h infusion dosage regimens. Sixty percent and 89% of patients attained a free drug concentration 4 times above the MIC for
P. aeruginosa and E. coli respectively.
Conclusions This study proposed different dosing regimens depending on renal clearance strata and the MIC of the germ targeted.

Keywords Meropenem . Population pharmacokinetics . Pmetrics . Probability of target attainment

What is already known about this subject (up to three bullet points)
•Meropenem is a time-dependent antibiotic and its bactericidal activity is
associated with free concentration (%T> 4 MIC).

•Dosage regimens that have been applied to healthy volunteers or in vitro
studies are not appropriate for critically ill patients due to their
pathophysiologic changes.

What this study adds
•Dosage regimens recommended in the literature (1 g/6 h, 1 g/8 h) are not
always suitable for real-world critically ill populations.

• 60% and 89% of patients attained free drug concentrations 4 times
above the MIC for P. aeruginosa and E. coli respectively

•Dosing regimens depending on renal clearance strata and theMIC of the
germ targeted are proposed.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00228-019-02716-y) contains supplementary
material, which is available to authorized users.

* Ana Isabel Idoate Grijalba
anaisabelidoate@gmail.com

1 Pharmacy department, Clinica Universidad de Navarra,
31008 Pamplona, Spain

2 IPPRITT, Univ. Limoges, F-87000 Limoges, France

3 IPPRITT, INSERM, U1248, F-87000 Limoges, France

4 CHU Limoges, F-87000 Limoges, France

European Journal of Clinical Pharmacology (2019) 75:1405–1414
https://doi.org/10.1007/s00228-019-02716-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00228-019-02716-y&domain=pdf
http://orcid.org/0000-0003-1695-0695
https://doi.org/10.1007/s00228-019-02716-y
mailto:anaisabelidoate@gmail.com


Introduction

Inadequate use of antimicrobials is associated with a higher
rate of therapeutic failure, increased toxicity and mortality,
incremented costs and development of resistance [1].
Dosage in critically ill patients is complicated due to patho-
physiologic changes that may alter the pharmacokinetics (PK)
of antibiotics and therefore their efficacy [2]. Indeed, sepsis,
polytrauma, acute renal failure, ascites and fluid drainage from
the site of the infection are some of the factors that may ex-
plain fluctuations in meropenem serum concentrations in
these patients [2]. Additionally, these physiological alterations
cause complications when adjusting meropenem dosage
based only on the patient’s creatinine levels.

Moreover, it is known that dosage regimens that have been
applied to healthy volunteers or in vitro studies are not appro-
priate for critically ill patients [2].

Meropenem is a time-dependent antibiotic [3] and in many
studies, its bactericidal activity has been associated with a free
drug time more than 40% above the MIC (fT >MIC) [3, 4].
Other authors consider that, for specific diseases such as
community-acquired pneumonia or respiratory tract infec-
tions, dosage regimens with fT >MIC around 100% are nec-
essary [2, 4, 5]. Recently, it has been shown that in critically ill
patients, the maximum efficacy criterion was associated with
100% fT > 4–5 MIC [6], meaning that free drug concentra-
tions of 4 to 5 times more than the isolated organism’s MIC
should be achieved.

Another factor that significantly influences the achieve-
ment of the PK/PD target is the duration of meropenem infu-
sion. The principal advantage of a bolus dose or a short infu-
sion is that an infusion pump is not necessary and that the
stability of the carbapenem does not need to be taken into
account, unlike with continuous infusions. Studies have com-
pared the probability of obtaining the PK/PD target if the drug
is administered by infusion over half an hour or over 3 h [6, 7].

The purpose of this study was to develop a non-parametric
population pharmacokinetics model for free and total
meropenem concentrations in critically ill patients and to com-
pare different dosage regimens by simulation to attain the PK/
PD target.

Methods

This retrospective, observational, single-centre study was
conducted in the intensive care unit (ICU) between
May 2011 and December 2017. Data used were
anonymized at the time of collection, so no written consent
of the patients collected, as authorized by French laws.
Ethical approval for the study was obtained from the hos-
pital’s research ethics committee. This study was accepted
and approved by AEMPS as a post-authorization study

(EPAOD). This study was conducted in accordance with
the WMO declaration of Helsinki, ICH and GCP guide-
lines. The patients included in this study were aged over
18 years, admitted to ICU, treated with empirical or
targeted therapy with meropenem, and had received at least
3 doses of meropenem prior to monitoring. All critically ill
patients who had received renal replacement therapy were
excluded. Meropenem dosage regimens prior to analysis
were highly variable (1 g/6 h, 1 g/8 h, 1 g/12 h, 1 g/
24 h) and were prescribed according to the literature, taking
into account the site of infection and the patient’s renal
function on the first days of meropenem treatment. All
meropenem solutions were prepared in the hospital pharma-
cy using aseptic techniques in a horizontal laminar flow
cabinet. Each IV mixture was prepared by diluting the cor-
responding quantity of meropenem in 0.9% NaCl to a vol-
ume of 50 ml per mixture.

Sample collection and storage

For the pharmacokinetic analysis, two serum samples were
drawn from most of the patients (a peak sampled at the end
of the infusion and a sample in the elimination phase) for
quantification of the total and free meropenem concentrations.
Free concentrationswere available for some patients only after
2015 (when the free drug concentration measurement began)
and analysed together with the total concentrations in the elim-
ination phase to better adjust the meropenem dose. Samples
were drawn between days 1 and 10 of treatment. Blood sam-
ples were collected in 5-mL glass test tubes without gel and
centrifuged for 6 min at 6,000 RPM and a temperature of
18 °C to separate the serum as quickly as possible. Free con-
centrations were obtained from 1 mL of serum using
Centrifree® ultrafiltration devices at a temperature of 37 °C.
The total and free serum samples obtained were stored at a
temperature between 2 and 8 °C if analysis was performed
within 24 h, or an aliquot (1.5 mL Eppendorf) was frozen at
− 30 °C until analysis in the case of delayed drug
measurement.

HPLC technique

Serum meropenem concentrations were quantified by high-
performance liquid chromatography (HPLC) using an
Xbridge Shield® RP18 2.5 μm 4.6 × 75 mm column, an
Xbridge Shield® RP18 2.5 μm precolumn and an Ostro 96-
Well Plate® 25 mg 1/Pkg solid-phase extraction plate. The
mobile phase was prepared with 6.8 g of potassium
dihydrogen phosphate dissolved in 1 l of water and adjusted
to a pH of 3.1 using phosphoric acid. The quantification range
for the technique varies between 0.5 and 100 μg/mL of
meropenem and the detection limit is 0.05 μg/mL. The spec-
ificity was 100% and there was a perfect linearity (r = 0.9995).
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Accuracy was 4.25%, 3.87% and 0.51% on the same day and
4.28%, 4.28% and 3.37% on different days, for control levels
of 2.5, 25 and 75 mg/L respectively. Precision was 2.67%,
2.86% and 3.04% on the same day and 3.37%, 3.17% and
3.33% on different days, for the same control levels.

Data collection

The study variables obtained from the electronic medical re-
cords and pharmacokinetics sheets were anthropometric data
(age, sex, height, real weight, BMI, ideal weight, body surface
area), infectious diagnosis, acute and chronic kidney disease
and hepatic failure or others comorbidities, clinical prediction
tools such as the SOFA score (Sequential Organ Failure
Assessment) and the SAPS 3 (Simplified Acute Physiology
Score) on the first day of ICU, the worst SOFA score on
admission, need for mechanical ventilation and intubation,
use of vasopressors on the first day of ICU and evolution of
clinical markers (procalcitonin, CRP, leucocytosis, analytical
data (plasma creatinine, etc.), meropenem start date and dos-
age regimen, administration times, drawn serum samples
times, days in ICU, intra-hospital mortality, mortality at
14 days after finishing treatment with meropenem and 30-
day readmission. The main isolated germs were collected in
blood, lung, abdominal and urinary tract cultures, and theMIC
values were recorded in these samples. The E-test was the
method used to determine the value of MIC.

Population pharmacokinetics model

A meropenem population pharmacokinetics analysis was per-
formed using a non-parametric method in Pmetrics [8] soft-
ware. The assay error polynomial equation was defined as
SD = 0.25 + 0.05C for each output equation with a multiplica-
tive coefficient for residual errors (gamma).

An initial analysis was conducted to estimate the parame-
ters of the structural model: mono- and two-compartment
models with first-order elimination were explored.

The selection of the best structural model was based on the
Akaike information criterion (AIC) and Bayesian information
criterion (BIC) (lowest values) and visual examination of the
diagnostic plots (observed concentration vs. individual pre-
dicted concentrations, weighted residuals vs. time or individ-
ual predicted concentrations).

Demographic and clinical characteristics were used as co-
variates to assess their effect on the pharmacokinetic parame-
ters of meropenem. Linear and power relationships were eval-
uated graphically (using a scatterplot) and covariates were
retained if they decreased the AIC and BIC, the bias and
RMSE (Root Mean Squared Error). The final model was eval-
uated using a visual predictive check. A total of 1,000 repli-
cates of the original dataset were simulated using the final
model to generate expected concentrations and the 90%

prediction intervals. The observed data were overlaid on the
prediction intervals and compared visually.

Monte Carlo simulation and probability of target
attainment

The final pharmacokinetics model was used to perform semi-
parametricMonte Carlo [9] simulations (n = 1000) in Pmetrics
in order to determine the probability of PK/PD target attain-
ment (PTA) 3 days after the start of treatment. Steady-state
conditions were assumed whatever the dosage regimen was,
given the short half-life of meropenem. The pharmacodynam-
ic goal to achieve was 100% fT > 4MIC. The administration
of 1 g/6 h, 1 g/8 h, 1 g/12 h, 1 g/16 h, 1 g/24 h and 500 mg/8 h
with a 3-h infusion rate and 1 g/8 h and 1 g/12 h with a 30-min
infusion rate was simulated. The probability was evaluated for
12 different MIC values (0.016, 0.032, 0.038, 0.094, 0.125,
0.25, 0.5, 0.75, 1, 2, 4, 8 μg/mL) isolated in clinical practice in
ICU patients. Simulations were performed for different possi-
ble ranges of creatinine clearance: 8.3–29.9 mL/min, 30–
59.5 mL/min, 59.6–89 mL/min, 89.5–140 mL/min. The dos-
age scheme simulated was considered as optimal if it achieved
the objective for ≥ 85% of the simulated profiles.

Estimation of the fC0/4MIC value for observed MIC

The fC0/4*MIC was estimated for the 2 more prevalent germs
isolated (Pseudomonas aeruginosa and Escherichia coli), ac-
cording to the MIC values measured. A ratio lower than 1 is
associated with a fC0 value < 4MIC (underdose) while a ratio
> 1 is associated with a correct or overdose.

Results

One hundred and fifty-four total concentrations and 29 free
concentrations sampled in 80 patients were used to build the
model. The characteristics of these patients are described in
Table 1. Samples were collected at approximately the peak
time Tmax (mean[min-max] = 186[140–240] minutes after
the beginning of the infusion) and in the elimination phase
(217 [97–435] minutes after the first sample). A one-
compartment model best describes the serum meropenem free
and total concentrations in our population using 66 support
points (supplemental Fig. 1; one-compartment model: BIC =
248.6, two-compartment model: BIC = 315.9). Two different
values of gamma (1, 1.3) were investigated as a residual error
and gamma = 1 was retained (BIC = 248.6 for gamma = 1 and
339.7 for gamma = 1.3).

The best relationship between unbound and total concen-
trations was described using a proportional relationship as
follows:
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CF = prop × CT; where CF is the free meropenem
concentration, prop is a proportional term estimated indi-
vidually and CT is the total meropenem concentration.
The creatinine clearance (CLcr) estimated using the
CKD-EPI formula [10] was the only covariate that

significantly affected meropenem pharmacokinetics
(BIC = 224.9). This covariate was integrated into the
elimination constant (Ke), using a power association,
where CLcr is weighted by the population median
(4.975 L/h per 1.73 m2) as follows:

Table 1 Demographic data in
critically ill patients Patient characteristics No. obs.

Age (years), mean (SD) 63.26 (15.07) 80

Sex (men), no. (%) 49 (61.25%) 80

Height (cm), median (range) 168 (144–192) 80

Real weight (kg), mean (SD) 72.76 (19.17) 80

BMI, mean (SD) 25.74 (5.93) 80

Ideal weight (kg), mean (SD) 61.94 (10.40) 80

Dosage weight (kg), mean (SD) 65.12 (12.80) 80

Body surface area, mean (SD) 1.78 (0.28) 80

Comorbidities (yes) no. (%)

Diabetes mellitus 15 (18.75%) 80

Hypertension 39 (48.75%) 80

Dyslipidaemia 21 (26.25%) 80

COPD 12(15%) 80

Solid tumour 41 (51.25%) 80

Leukaemia 7 (8.75%) 80

Lymphoma 3 (3.75%) 80

Prior transplant 9 (11.25%) 80

AMI or valve disease 21 (26.25%) 80

CKD (without haemodialysis) 11 (13.75%) 80

Cirrhosis 8 (10%) 80

Days of hospitalization, median (range)

ICU 7 (2–72) 62

AHE 2 (1–56) 32

Ward 14.5 (1–138) 78

Infectious diagnosis, (yes) no. (%) 65 (81.25) 80

Sepsis, no. (%) 61 (76.25) 80

SOFA on admission, median (range) 4 (0–14) 80

SAPS III on admission, median (range) 66.5 (39–96) 80

worst SOFA during admission, median (range) 7 (1–14) 80

MV during admission, (yes) no. (%) 54 (67.5%) 80

INT during admission, (yes) no. (%) 40 (50%) 80

In-hospital mortality, (yes) no. (%) 20 (25%) 80

14-day mortality, (yes) no. (%) 2 (2.5%) 80

Use of vasopressors on the first day of ICU 32 (40%) 80

Creatinine at beginning of meropenem (mg/dl), median (range) 0.9 (0.2–5.50) 80

Clearance at beginning ofmeropenem (ml/min per 1.73m2), median (range) 82.91
(14.33–125.66)

80

Number of patients with 2 serum samples, (yes) no. (%) 77 (96.25%) 80

Number of patients with 1 serum sample, (yes) no. (%) 3 (3.75%) 80

SD standard deviation, BMI body mass index, AHE intermediate unit for critically ill patients, SOFA sequential
organ failure assessment, SAPS iii severity prognosis index in critically ill patients, MV mechanical ventilation,
INT intubation, CKD-EPI eGFR, glomerular filtration rate estimated by the CKD epidemiology collaboration
equation (eGFR = 141 ×min(SCr/k, 1)α × max(SCr/k, 1)−1.209 × 0.993 age × 1.018 (if female) × 1.159 (if black),
where SCr is serum creatinine in mg/dL, K is 0.7 for females and 0.9 for males, α is − 0.329 for females and −
0.411 for males, min indicates the minimum of Scr/K or 1, and max indicates the maximum of Scr/K or 1
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Ke ¼ Ke1 � CLcr=4:975ð ÞKe2

where Ke1 is the value for a patient having the median value of
CLcr and Ke2 is the power term associated with CLcr.

The estimations of the population pharmacokinetics pa-
rameters are presented in Table 2. The observed concentration
vs. individual-predicted concentrations and population-
predicted concentrations of the final model for total and free
meropenem concentrations are presented in Fig. 1. The
weighted residuals vs. time or individual-predicted concentra-
tions for total and free meropenem concentrations are present-
ed in Fig. 2. The visual predictive check for the total and free
concentrations are presented in Fig. 3 showing that the aver-
age prediction of the simulated data matched the observed
concentration–time profiles and that the variability was rea-
sonably accurately estimated. The probability of target attain-
ment, 100% fT > 4 MIC for various meropenem dose regi-
mens simulated for different ranges of creatinine clearance
(Clcr): (A) 140–89.5 mL/min, (B) 89.4–59.6 mL/min, (C)
59.5–30mL/min, (D) 29.9–8mL/min, is represented in Fig. 4.

Among the 80 patients, the lungs (33.60%), abdomen
(21.31%) and blood (14.75%) were the main sites of in-
fection. Forty-five percent (n = 36) of patients had a mea-
sured MIC value (median = 0.25 μg/mL [0.006–2]) and
72.2% (n = 26) of them attained the PK/PD target after

48 h of the initial infusion, considering that the steady
state has been reached.

The most frequently isolated germs in our study were
Pseudomonas aeruginosa (n = 15) with a median MIC of 1
(0.13–2) and Escherichia coli (n = 9) with a median MIC of
0.25 (0.06–2).

Sixty percent of patients (n = 9) with Pseudomonas
aeruginosa infection attained the PK/PD target (free drug 4
times above the MIC) but with a median of 5.24 (range 1.31–
39.81) times higher than the marked point, taking into account
the isolated MIC values that we measured. For Escherichia
coli, 92.86% of patients (n = 13) attained the PK/PD target
with a mean 13.07 (1.95–30.25) times higher than the marked
target (Fig. 5).

Discussion

The primary goal of this study was to develop a non-parametric
pharmacokinetic model for meropenem, allowing us to describe
the existing heterogeneity in the critically ill population. The
secondary goal was to evaluate the ability of the intravenous
meropenem dosage regimen adjusted for renal function to
achieve free concentrations more than 4 times above the MIC
of the organisms routinely present in the intensive care unit.

Fig. 1 Observed versus predicted
plots of free meropenem
concentrations. a Population and
b individual, or of total
meropenem concentrations. c
Population and d individual.

Eur J Clin Pharmacol (2019) 75:1405–1414 1409



Eighty critically ill patients with one or 2 samples were
included to develop our model, while the other published
studies included only 12 [10], 34 [11] and 15 [12] patients,
but with more than 5 samples each which is more accurate to
describe the pharmacokinetics of a drug. These studies evalu-
ated the suitability of the initial standard dosage regimen (1 g/
8 h) in a critically ill population. However, in our study, the
initial regimen was highly heterogeneous; the meropenem
dosage was adjusted based on renal function at the beginning
of treatment, a situation that is more representative of routine

Table 2 Summary of population
parameters of a single-
compartment pharmacokinetic
model

Variable Median Coefficient of variation (%) Bootstrapped median

(95% confidence interval of the median)

Ke1 (h
−1) 0.345 59.3 0.34 (0.30–0.42)

Ke2 0.725 80.98 0.72 (0.45–1.18)

V (L) 25.10 71.15 25.1 (20.7–31.9)

prop 0.824 33.11 0.82 (0.75–0.88)

Ke1 is the value of constant elimination from the central compartment for a patient having the median value of
CLcr; Ke2 is the power term associated with CLcr; V: distribution volume in the central compartment; prop:
proportional term that correlates free concentration and total concentration (CF = prop × CT), where CF is free
meropenem concentration without binding, and CT is total meropenem concentration

Fig. 2 a Weighted residuals for free concentrations as a function of
individual predicted free concentrations (mg/l). b Weighted residuals for
total free concentration as a function of post-administration times (h). c
Weighted residuals for total concentrations as a function of individual
predicted total concentrations (mg/l). d Weighted residuals for total con-
centrations as a function of post-administration times (h)

Fig. 3 Visual predictive checks obtained for 1,000 simulated patients
from the final model for total (a) and free (b) meropenem
concentrations. The lower line represents the 0.05 quantile, the
intermediate line the median and the upper quartile line is the 0.95
quantile. Proportion of total and free concentrations between the 0.05
and the 0.95 quantiles were 0.916 (p = 0.102) and 0.893 (p = 0.756)
respectively
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clinical practice. The median SOFA score in the study by
Roberts et al. [13] is 3 in the intermittent infusion group and
5 in the continuous infusion group, which is very similar to
our study, in which a median of 4 was observed in the patients.
Seven patients included in the study had leukaemia as a co-
morbidity, a condition that affects creatinine clearance, which
is generally higher than in the healthy population and can
therefore affect the dosage of drugs excreted by the kidney.
In these situations, the recommendation is to use extended
infusion regimens. A dosage regimen of 0.5 g/4 h (3-h
infusion) offers the best results as this allows the target to be
achieved in 61.1% of subjects with an MIC of 1 and in 30.8%
of those with anMIC of 2. In the latter case, it is recommended

that doctors combine several antibiotics to increase the per-
centage of therapeutic success. Other PK-PD analyses for
meropenem have been previously reported: for example,
Kim et al. developed a popPK analysis in only 37 Korean
patients with acute infections, and the patient demographic
and genetic characteristics differ from those of European pa-
tients. On the opposite, our study includes patients with a
larger panel of indications, some having acute infection and
others being empirically treated with meropenem [14]. Usman
et al. performed their study in elderly patients, while we have a
mix between elderly and young patients (mean ± D age in our
study was 63.26 ± 15.07 years) [15]. Finally, Minichmayr
et al. developed a nomogram from a validated PKPOP model.
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In their study and similarly to our findings, the creatinine
clearance was the only covariate that significantly affected
the CL of meropenem. The difference was that their investi-
gated theoretical PK/PD target was based on the EUCAST
standard cut-off point. Therefore, their recommendations
may tend to overdose patients, especially in case of low
MIC [16]. Overall, the novelty of the current work is the
measurement of free concentrations (PK/PD criteria are based
on free concentrations) and real MIC in critically ill patients in
routine practice in our hospital (as opposed to the EUCAST
breakpoint) which allowed us to draw curves presenting the
number of patients with 100 times > 4 times observed MIC.

There was huge variability in the estimated pharmacokinetic
parameters. One possible explanation for this is the large num-
ber of physiological changes in critically ill patients due to

diseases, mainly affecting the renal function. Pharmacokinetic
studies of meropenem in critically ill patients showed elevated
V and Cl values, with large inter-individual variability [13, 17,
18]. This high variability was also observed in our study, in
which the mean V was 32.77 L with a 71.15% coefficient of
variation for estimations using a non-parametric method need-
ing reservation to interpret the mean and SD values. The vari-
ability in volume may be the result of changes in fluids and
decreased fluid volume in the interstitial space [19]. This im-
plies a limitation in our model, in which we observed a single
compartment by having only 2 samples per patient and, there-
fore, we could consider the patient’s situation at any given
moment. The ideal approach would be to have more repeated
samples per patient at different times of the treatment and to
observe the variation of distribution volume according to the
clinical changes. Conversely, the Ke values obtained in the
present study are similar to the findings of other clinical studies
[11] that include two-compartment models. This large variabil-
ity highlights the need tomonitor meropenem levels in critically
ill patients.

In terms of covariates, only creatinine clearance calculated
by CKD-EPI formula exhibited an effect on Ke. This effect
makes sense if we consider that for meropenem, approximate-
ly 70% (50–75%) of the dose is excreted unaltered in 12 h via
the kidneys. No covariable significantly affecting the V was
found. As expected, weight did not affect the V, as
meropenem, like all beta-lactams, is primarily a hydrophilic
compound. Approximately 30% of adipose tissues contain
water, so the V of meropenem is not heavily affected by the
amount of adipose tissue, as observed by Wittau et al. [20].
Finally, it is obvious that creatinine clearance is a composite
covariate that includes the patient’s anthropometric data
(weight, sex, creatinine), which when taken one by one may
be non-significant.

The present article shows that 3-h infusion regimens are
superior in their attainment of PK/PD objectives to 0.5-h in-
fusions in the critically ill patients. In these cases, it would be
necessary to rigorously monitor the ambient temperature.
Indeed, it has been shown that the chemical and physical sta-
bility of a meropenem solution for intravenous injection is 3 h
at 25 °C or 12 h at 2–8 °C. In our centre, meropenem prepa-
rations are dispensed to the ICU twice daily. They are stored in
refrigerators (2–8 °C) and the administration is completed
within the mixture’s stability interval. The stability of
meropenem must be taken into account before incorporating
these dosage regimens in practice.

In intensive care units, the isolation of the same germ re-
peatedly over a short period of time may contribute to inade-
quate empirical treatment of patients, thus leading to the de-
velopment of resistance. In both EPIC studies and prevention
programmes in intensive care areas, there is a predominance
of Gram-negative organisms (55–65%), followed by Gram-
positive organisms (25–35%) and yeasts (10–20%) [21–23].

Fig. 5 Represents the fC0/4*MIC estimated for the 2 more prevalent
germs isolated (Pseudomonas aeruginosa and Escherichia coli),
according to the MIC values measured. A ratio lower than 1 is
associated with a fC0 value < 4MIC (underdose) while a ratio > 1 is
associated with a correct or overdose
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The literature therefore reveals isolated organisms similar to
those found in our study, in which we observed a prevalence
of P. aeruginosa with a median MIC of 1 (0.13–2) and E. coli
with a median MIC of 0.25 (0.06–2). These low MIC values
are more susceptible to meropenem overdosing (up to 5.24
times for P. aeruginosa and 13.07 times for E. coli) as our
study shows, probably without providing any extra benefit.
This might lead to an increase in the occurrence of adverse
effect and obviously to an increase in the cost of care, showing
the importance of identifying the germ and performing thera-
peutic drug monitoring.

There is currently a tendency for studies to focus on the
dosage of antibiotics in patients with very elevated MICs that
approach the breaking point. However, the clinical reality is
that most patients are on the other side. More studies are need-
ed in these patients in order to decrease meropenem overdose
and fight against resistance. In our hospital, up to 80% of
isolated organisms have MICs of less than 0.5, which means
that the 1 g/8 h regimen is not always appropriate.

In conclusion, for MIC = 2 mg/L (EUCAST breakpoint for
P. aeruginosa or E. coli), no dosing scheme allows attaining
the PK/PD objective for at least 85% of the simulations, even
in patients with low renal function. However, in our popula-
tion, 80% of isolated organisms have MICs of less than 0.5
which means that for patients with augmented or normal renal
clearance (CLCR of 89.5 to 140 mL/min or 59.6 to 89.4 mL/
min respectively), a dose of 1000 mg/6 h by IV infusion over
3 h is the best dosage regimen. However, even this regimen
does not allow attaining the PK/PD objective in case of aug-
mented renal clearance, and an association of synergistic an-
tibiotics can be proposed. In patients with low renal function
(CLCR < 59.5 mL/min), a dose of 1000 mg/8 h or 500 mg/8 h
(< 30 mL/min) over 3 h allows attaining the PK/PD
objectives.
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