
Clinical Medicine Reviews in Therapeutics

C o n c i s e  R e v i e w

Clinical Medicine Reviews in Therapeutics 2010:2	 145

Clinical Medicine Reviews in Therapeutics 2010:2 145–158

This article is available from http://www.la-press.com.

© Libertas Academica Ltd.

Meropenem: Focus on its Use in Serious Bacterial Infections

Jason A. Roberts1,2,3, Marta Ulldemolins1,4 and Jeffrey Lipman1,3

1Burns, Trauma and Critical Care Research Centre, The University of Queensland, Brisbane, Australia. 2Pharmacy 
Department, Royal Brisbane and Women’s Hospital, Brisbane, Australia. 3Department of Intensive Care Medicine, Royal 
Brisbane and Women’s Hospital, Brisbane, Australia. 4Department of Critical Care Medicine, University Hospital Joan 
XXIII, Tarragona, Spain—CIBER Enfermedades Respiratorias. Email: j.roberts2@uq.edu.au

Abstract: Meropenem is an effective broad-spectrum carbapenem antibiotic frequently prescribed for treatment of severe bacterial 
infections. We conducted a structured review of the published literature to review the microbiology, clinical efficacy and pharmacoki-
netics, pharmacodynamics and tolerability of meropenem for the treatment of serious bacterial infections. Robust susceptibility data 
describes the broad spectrum of action of meropenem against many Gram positive and Gram negative organisms as well as stability 
against ESBL producing organisms. In clinical trials with other antibiotic comparators such as imipenem/cilastatin and cephalosporins 
(with and without an aminoglycoside), meropenem has been shown to have comparable efficacy for the treatment of different types 
of serious bacterial infections including severe community acquired pneumonia, complicated intra-abdominal infections, complicated 
skin and skin structure infections, bacterial meningitis and complicated urinary tract infections. In clinical studies of meropenem versus 
ceftazidime and an aminoglycoside, meropenem produced superior results for treatment of nosocomial and ventilator associated pneu-
monia. Meropenem also has a favourable pharmacokinetic profile enabling distribution into many tissue sites whilst maintaining a good 
safety and tolerability profile in adult and paediatric patients. Like other beta-lactam antibiotics, distribution into peripheral tissue may 
be impaired in critically ill patients. Administration can occur by either bolus dosing or intermittent infusion, although poor stability at 
room temperature complicates possible administration by continuous infusion. Such properties make meropenem a useful treatment for 
serious bacterial infections as either empiric or directed therapy, with administration by extended infusion appropriate for treatment of 
infections caused by pathogens with reduced susceptibility.
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Introduction
Serious bacterial infections may have high mortality 
rate if inappropriately treated. Complicating the treat-
ment of prescription of antibiotics for patients with 
serious bacterial infections are the decreasing rates 
bacterial susceptibility and the difficulties associated 
with achieving appropriate antibiotic concentrations 
at the site of infection. Suffice to say, source control 
and early and effective antibiotic therapy is essen-
tial for facilitating resolution from the infection.1–4 
In the absence of microbiological data to guide anti-
biotic choice, effective broad spectrum agents that 
are appropriate in the context of local susceptibil-
ity patterns are essential. Given the persisting high 
morbidity and mortality associated with serious bac-
terial infections,1,2,5,6 further information to guide 
responsible use of effective empiric antibiotic dosing 
should be considered a clinical imperative to improve 
outcomes.

Serious bacterial infections frequently have sig-
nificant sequelae resulting in morbidities including 
organ dysfunction requiring intensive care unit (ICU) 
admission which inevitably leads to a prolonged hos-
pital length of stay. Of greater concern is the high 
mortality rates associated with these infections. Any 
infection that has the potential to result in such high 
morbidity or mortality is serious and may include 
severe community acquired pneumonia (sCAP), 
nosocomial pneumonia, complicated urinary tract 
infections (cUTIs), complicated intra-abdominal 
infections (cIAIs), bacterial meningitis and com-
plicated skin and skin structure infections (cSSSIs). 
Many of these infections can lead to severe sepsis and 
septic shock which occur commonly in ICUs and may 
have mortality rates approaching 50%.7,8

Complicating the effective treatment of these 
serious bacterial infections are the wide pharma-
cokinetic variations of some antibiotics that can 
occur in critically ill patients. These changes pres-
ent significant challenges to effective prescribing for 
clinicians. Patients with sepsis are known to become 
hyperdynamic causing increased renal blood flow 
and increased clearance of many renally cleared 
antibiotics.4,9–11 Such patients may also develop a cap-
illary leak syndrome resulting in increased interstitial 
fluid volumes which causes a corresponding increase 
in the volume of distribution of many antibiotics.4,12 
Contrastingly, patients may develop end-organ 

failure. In this case cardiovascular failure can lead to 
impaired drug distribution and failure of the eliminat-
ing organs (kidney and liver) and can lead to reduced 
drug clearances predisposing to antibiotic toxicities. 
The difficult-to-predict pharmacokinetics in critically 
ill patients significantly increases the potential for sub-
optimal antibiotic concentrations. Given the strong 
association between appropriate antibiotic therapy 
in infected critically ill patients and mortality,1,2,5,6 
as well as the development of antibiotic resistance, 
selection of effective antibiotics as well as dosing 
strategies that optimize the antibiotic exposure to the 
bacteria, will lead to improved clinical outcomes and 
minimise the development of antibiotic resistance.

Depending on local bacterial susceptibility pat-
terns, meropenem is a broad spectrum carbapenem 
antibiotic suitable for empiric or directed treatment 
of serious bacterial infections. It is approved by 
the United Stated Food and Drug Administration 
(US FDA) for the treatment of the following infec-
tions caused by susceptible bacteria, SSSI, IAI and 
bacterial meningitis.13 Of note, meropenem is not 
approved for treatment of pneumonia, although is 
commonly prescribed for this indication where suf-
ficient clinical need exists.14–16

The objective of this paper is to review the phar-
macology, microbiology, clinical outcome data, safety 
and tolerability and place in therapy of meropenem 
for the treatment of serious bacterial infections.

Search Strategy
Data for this review were identified by searches of 
Pubmed (1966 to Jan 2010), EMBASE (1966 to Jan 
2010) and the Cochrane Controlled Trial Register as 
well as references from relevant articles. Studies that 
included information relating to bacterial suscepti-
bility, clinical outcome data, pharmacokinetics and 
pharmacodynamics, dosing and safety and tolerabil-
ity of meropenem were eligible for inclusion. Numer-
ous articles were identified through searches of the 
extensive files of the authors.

Pharmacology
Meropenem is a parenteral, broad-spectrum car-
bapenem antibiotic that is classified as a member of 
the β-lactam family of antibiotics. Meropenem has 
bactericidal activity via cell wall penetration and 
subsequent inhibition of penicillin binding proteins 
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(PBP) which are responsible for the elongation and 
cross-linking of the bacterial peptidoglycan. The 
inhibition of PBP leads to disruption of the bacte-
rial peptidoglycan and ultimately to bacterial cell 
death. This mechanism of activity is bactericidal. 
Unlike imipenem, meropenem is not a significant 
substrate of human dehydropeptidase-1 (DHP-1) 
and therefore does not require concomitant admin-
istration with cilastatin.17 In a comparative study 
with imipenem and biapenem, meropenem showed 
better affinity for PBP in E.coli (PBP-2 and PBP-4) 
and PBP-2, -3 and -4 in Pseudomonas aeruginosa, 
which was suggested as the reason for an extended 
spectrum of activity of meropenem against Gram 
negative species.18

Microbiology
Meropenem is active against a broad range of Gram 
positive and Gram negative bacteria, including 
Enterobacteriaceae, P. aeruginosa and Acinetobacter 
spp.17 Meropenem has little appreciable activity 
against atypical organisms and other therapies 
should be used where these are suspected as caus-
ative of infection. Table 1 describes the activity of 
meropenem against some aerobic Gram positive and 
Gram negative bacteria and anaerobic bacteria19,20 in 
Europe and the USA. European data is from 2007, 
and USA data is from 2008. The data is drawn from 
The Meropenem Yearly Susceptibility Test Informa-
tion Collection (MYSTIC) Program. MYSTIC is a 
global, antibiotic resistance surveillance network of 
over 100 medical institutions worldwide monitoring 
the susceptibility of meropenem and other selected 
broad-spectrum agents.

Aerobic Gram positive organisms
Meropenem is active in vitro against a wide range of Gram 
positive bacteria, including Methicillin-Susceptible 
Staphylococcus aureus (MSSA), coagulase-negative 
Staphylococci (CoNS) and Streptococcus spp, includ-
ing β-hemolyticus Streptococci, Streptococcus pneu-
moniae and Viridans group Streptococci. However, 
there are some Gram positives with intrinsic resis-
tance to meropenem (and generally to β-lactams), 
mainly Methicillin-Resistant Staphylococcus aureus 
(MRSA) and Enterococcus faecium and Enterococcus 
faecalis, which each have MIC90 reported as 32 mg/L, 
.16 mg/L and 16 mg/L respectively.17

Aerobic Gram negative organisms
The spectrum of activity of meropenem against Gram 
negative species is excellent. Meropenem demon-
strates in vitro activity against many of the clinically 
relevant Gram negative pathogens including the non-
fermentative bacilli P. aeruginosa and Acinetobacter 
baumannii. However, it is not active against Stenotro-
phomonas maltophilia because of intrinsic production 
of carbapenemase which degrades the meropenem 
molecule. Meropenem is not hydrolyzed by most 
of the β-lactamases, including AmpC β -lactamases 
and extended spectrum β-lactamases (ESBL)21 and 
therefore the susceptibility of β-lactamase produc-
ers and non−β-lactamase producers to meropenem 
does not vary significantly.21 However, increas-
ing rates of bacterial resistance of A. baumannii, 
Klebsiella pneumoniae and P. aeruginosa to mero-
penem are being documented in countries such as 
Greece22 and Turkey.23 In other countries, including 
the USA, meropenem is no longer sufficiently active 
against Acinetobacter spp.19 This trend has also been 
observed in the worldwide meropenem susceptibil-
ity surveillance database (MYSTIC), that is showing 
slow but increasing emergence of bacterial resistance 
to meropenem.19,20

Anaerobes
Meropenem has been shown to be active in vitro 
against many anaerobic bacteria, with susceptibility 
rates of 100% against organisms such as Clostridium 
difficile, Clostridium perfringens, and Prevotella 
spp. Bacteroides fragilis is also susceptible in vitro 
to meropenem, but the susceptibility rate clinically is 
documented to be lower (88.9%) according to data 
from the manufacturers.24

Once identification of the infective pathogen has 
occurred, the broad spectrum of activity requires that 
treatment should be de-escalated to an appropriate 
agent with a narrower spectrum where appropriate.

Resistance Mechanisms
With increasing resistance to many antibiotics world-
wide, an understanding of the known mechanisms of 
resistance to meropenem is important to guide appro-
priate prescription in severe infections. Even though 
meropenem is reported to be poorly associated with 
the development of bacterial resistance in vitro,25 like 
many other broad spectrum β-lactams, resistance to 
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meropenem, is becoming more common. Knowledge 
of resistance can assist the clinician determine clinical 
scenarios when meropenem should not be com-
menced, or alternatively, should be ceased due to pos-
sible resistance development. Definitive mechanisms 
of resistance reported in the literature to meropenem 
include:

β-lactamases
As indicated previously, meropenem is not hydro-
lyzed by most of the β-lactamases, however it 
can be inactivated by carbapenemases, a sub-
group of β-lactamases. Microbiological testing 
for these enzymes should be considered impor-
tant for determining the appropriateness of use of 
meropenem. The Ambler molecular classification 
is used to discern amongst the different classes of 
carbapenemases26:

–	 Class A carbapenemases: produced by some spe-
cies of Enterobacteriaceae and P. aeruginosa, and 
are inhibited by clavulanic acid. These enzymes 
are rare and only clinically significant in combi-
nation with other resistance mechanisms such as 
decreased permeability and/or presence of efflux 
pumps.27

–	 Class B carbapenemases: encoded by the gene 
series IMP and VIM, are also known as metallo-
β-lactamases and are the most potent class of 
carbapenemases. These enzymes are capable of 
hydrolyzing all β-lactams except the monobac-
tams. The metallo-β-lactamases have metal-
lic atoms in the core of their structure, and can 
be inhibited by ethylenediaminetetraacetic acid 
(EDTA) but not by common β-lactamase inhibi-
tors such as clavulanic acid, tazobactam or sulbac-
tam. These metallo-β-lactamases have been found 
worldwide, and are produced by Gram negative 
species such as Enterobacteriaceae, S. maltophilia 
and P. aeruginosa.27

–	 Class D carbapenemases: these are oxacillinases 
(OXA) with weak carbapenemase activity and do 
not have activity against extended-spectrum cepha-
losporins and aztreonam. These oxacillinases have 
been reported in A. baumannii infections, but are 
reported to compromise the activity of carbapenem 
only marginally.27

Reduced affinity for PBP binding sites
Poor binding affinity of carbapenems to PBP binding 
sites appears problematic mainly to Gram positive 
species, such as MRSA and Enterococcus spp. This 
low affinity confers intrinsic resistance to meropenem 
and generally to all β-lactam antibiotics.

Efflux pumps and porins
The overexpression of multidrug efflux pumps as a 
mechanism of decreased susceptibility to meropenem 
has been documented in P. aeruginosa28,29 as well as 
other Gram negative bacteria.30,31 A decrease in the 
number of porins in the cell membrane has also been 
described and causes reduced passive diffusion of 
meropenem into the bacteria.32 These two mecha-
nisms of resistance, will affect meropenem activity33 
and can explain poor bacteriological activity with 
apparently therapeutic dosing.

Pharmacodynamics
Meropenem is a time-dependent antibiotic, where anti-
bacterial activity is related to the time for which the 
free concentration is maintained above the minimum 
inhibitory concentration (MIC) during a dosing inter-
val (  f T . MIC).34 This characteristic is maintained 
in both Gram positive and Gram negative organisms. 
This is to be contrasted against other antibiotics where 
bactericidal activity can be related to the ratio of the 
peak concentration in a dosing interval (Cmax) to the 
MIC of the bacteria (Cmax/MIC) and/or the ratio of 
the area under the concentration time curve over a 
24-hour period to the MIC (AUC0–24/MIC).

Meropenem is also known to possess a longer post-
antibiotic effect (PAE) than penicillins and cepha-
losporins. Against Gram negative bacteria, meropenem 
displays a concentration-dependent long (2–5 h) PAE on 
Enterobacter cloacae, Escherichia coli, K. pneumoniae, 
P. aeruginosa and Serratia marcescens.35

The f T . MIC required for optimal bactericidal 
activity for carbapenems has been reported to be 40% 
from in vitro and in vivo animal models.36 Bacteriostatic 
effects have been shown in a murine lung infection 
model to be 15%–20% f T . MIC.37 In comparison, 
cephalosporins are reported to require 50%–70% 
f T . MIC and penicillin 50%–60% f T . MIC for 
maximal bactericidal activity.38 The increased % 
f T . MIC for cephalosporins and penicillins is most 
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likely because of a reduced PAE.38 Drug exposures 
required for maximal clinical outcomes have been 
described using retrospective human pharmacoki-
netic data. This data suggests that advantages may 
exist for maintaining meropenem concentrations 
for longer periods and at concentrations up to five 
times the MIC throughout the entire dosing interval 
( f T . 5 3 MIC) in some patient populations, partic-
ularly critically ill patients.39,40 The significant differ-
ence between this finding and the in vitro and animal 
in vivo data, requires further prospective human stud-
ies to clarify the precise pharmacodynamic endpoints 
for maximal meropenem activity.

Pharmacokinetics
The pharmacokinetics of meropenem have previously 
been extensively reviewed elsewhere.17,41

Distribution
The pharmacokinetic parameters for meropenem 
observed in healthy volunteers13,42 are described in 
Table 2.

As described in Table 2, meropenem has a Vd con-
sistent with the volume of intravascular and interstitial 
fluid. It therefore, does not penetrate intracellularly or 
into adipose tissue to any significant extent. There-
fore, weight-based dosing of meropenem should be 
based on lean body weight and not total body weight.43 
Meropenem has negligible protein binding (2%–3%). 
In healthy volunteer studies and some patient stud-
ies, meropenem is reported to penetrate the interstitial 
fluid of tissues sufficiently well to achieve concentra-
tions sufficient to inhibit susceptible organisms.13 The 
Cmax is reported to occur in tissues (gynaecological 
tissue, skin, intra-abdominal tissue, peritoneal fluid, 

bronchial mucosa, fascia and cardiac tissues) within 
0.5 to 1 hours post dosing.13 For other tissues such as 
lung, inflamed cerebrospinal fluid, bile and muscle, 
the Cmax occurs 2–3 hours after administration.13

Metabolism and elimination
Meropenem undergoes non-renal metabolism by 
dehydroxypeptidase I to form an open beta-lactam 
ring metabolite, which like the parent compound is 
renally eliminated. Between 19 and 27% of the par-
ent compound undergoes metabolism.42 Meropenem 
displays linear pharmacokinetics over the 250 mg 
to 1000 mg dose range.42 It is likely to be primar-
ily renally cleared by filtration and active tubular 
secretion.42 The high percentage of renal clearance 
supports dose adjustment based on accurate assess-
ments of renal function.

Special Patient Populations
Renal impairment
Meropenem undergoes approximately 70% renal 
clearance, with reduced clearance occurring in renal 
impairment.43 Meropenem clearance has been shown 
to be closely correlated with creatinine clearance 
and dose adjustments are recommended during dif-
ferent levels of renal dysfunction.13 For treatment 
of most serious bacterial infections, a starting dose 
of 1000 mg should be considered. Therefore, in the 
presence of normal renal function (defined as creati-
nine clearance .50 ml/min), a minimum of 8-hourly 
dosing should be used, however, for a creatinine 
clearance from 26–50 ml/min the dose can be reduced 
to 1000 mg 12-hourly, for a creatinine clearance of 
10–24 ml/min the dose can be reduced to 500 mg 
12-hourly and for a creatinine clearance ,10 ml/min 
a dose of 500 mg 24-hourly can be used.13 Simulation 
data has shown that 500 mg 6-hourly dosing achieves 
equivalent pharmacokinetic-pharmacodynamic end-
points (% f T . MIC) to 1000 mg 8-hourly and 500 mg 
8-hourly dosing achieves equivalent endpoints to 
1000 mg 12-hourly.44

Renal replacement therapy
Little data exists regarding dosing during inter-
mittent haemodialysis and therefore it is recom-
mended that dose administration occurs once daily 
after dialysis treatment.13 More data exists for 
meropenem pharmacokinetics in different forms 

Table 2. Pharmacokinetic parameters of 500 mg and 
1000 mg doses of meropenem administered to healthy 
volunteers.

Parameter 500 mg  
over 5 mins

1000 mg  
over 30 mins

Cmax (mg/L) 52 49
AUC0–24 (mg.h/L) 27–32 67–78
Vd (L) 12.5–20.7 12.5–20.7
CL (L/hr) 11.3–19.7 11.3–19.7
CLrenal (L/hr) 8.3–15.1 8.3–15.1
CLnon-renal (L/hr) 3.0–4.6 3.0–4.6
T1/2 (h) ~1 ~1
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of continuous renal replacement therapy (CRRT) 
such at continuous veno-venous haemofiltration 
(CVVHF).45–50 However, the operational charac-
teristics of the CVVHF used in these studies have 
varied greatly; the membrane surface areas have 
varied between 0.43–0.9 m2, the ultrafiltrate flow 
rates (UFR) between 1–2 L/h, the blood flow rates 
between 0.6–12 L/hr and different types of mem-
branes used. The major determination for mero-
penem clearance is UFR with other factors such as 
membrane surface area and blood flow rate likely 
to sufficiently describe meropenem haemofiltration 
clearance. Typical dose reductions are in the order 
of 33%–50% of the empiric dose. A summary of the 
published studies of meropenem pharmacokinetics 
in CRRT is provided in Table 3.

Sepsis patients without renal dysfunction
Patients with serious infections will often develop 
sepsis, and therefore the pharmacokinetics observed 
in this patient population is of great relevance. Criti-
cally ill patients with sepsis develop physiological 
changes likely to affect the pharmacokinetics of 
meropenem. As part of the systemic inflammatory 
response syndrome (SIRS) that can be caused by 
an infection, an increased cardiac output and conse-
quent increased renal blood flow leading to increased 
clearance of renally cleared drugs like meropenem.4 
Similarly, this pathology can lead to the develop-
ment of leaky capillaries that result in a move-
ment of intravascular fluid into the interstitial space 

which results in an increased apparent volume of 
distribution.4 Additionally, altered fluid distribution 
in the body can lead to a maldistribution of blood 
flow causing impaired perfusion of peripheral tis-
sues leading to reduced tissue concentrations. These 
pharmacokinetic changes were described in a paper 
by Roberts et al12 that used an in vivo sampling 
technique called microdialysis to show that tissue 
concentrations were 30%–50% of observed plasma 
concentrations in critically ill patients with sepsis. 
The investigators also found an apparent Vd that was 
nearly twice as large as that observed in healthy vol-
unteers (22.7 L vs. 12.4 L).51 Similarly large values 
were also found by other investigators in critically 
ill patients.52,53 Drug clearance was slightly larger in 
the study by Roberts et al12 compared with the study 
by Krueger et al51 in healthy volunteers although was 
not clinically significant (13.6 L/hr vs. 12.4 L/hr).

Dosing Modalities
Given the time-dependent antibiotic activity of mero-
penem and altered pharmacokinetics likely to occur 
in patients with serious infections, there are dose 
considerations necessary for optimal antibiotic expo-
sures. As a time-dependent antibiotic, administration 
as an extended- or continuous intravenous infusion 
serves to maximize the time that concentrations are 
maintained above the MIC of the pathogen.54 How-
ever, as a carbapenem, meropenem only requires 40% 
f T . MIC, the requirement for longer f T . MIC 
remains debatable, although emerging data suggests 

Table 3. Comparative CRRT settings and pharmacokinetic data from studies of meropenem clearance during continuous 
veno-venous haemofiltration.

Study Membrane 
SA (m2)

BFR 
(L/hr)

UFR 
(L/hr)

SC T1/2 
(hrs)

Vd 
(L/kg)

CLCVVHF 
(L/hr)

Cltot 
(L/hr)

CLCVVHF/ 
SA

CLCVVHF/ 
BFR

CLCVVHF/ 
UFR

Thalhammer  
1998 

0.43 9 165 1.09 2.46 29.90 2.98 8.62 6.93 0.33 0.018

Tegeder 
1999 

0.9 10 66 1.17 8.7 12.4 1.32 3.10 1.47 0.13 0.020

Ververs 
2000 

0.9 12 99 0.63 6.3 0.37 0.96 4.57 1.07 0.08 0.010

Giles 2000 0.9 9 102 0.95 5.84 0.35 1.50 3.63 1.67 0.17 0.015
Valtonen 
2000 

0.7 6 24 NS 7.5 NS NS 3.27 NS NS NS

Krueger 
2003 

0.9 1 96 0.91 3.63 0.28 1.47 4.98 1.63 1.47 0.015

Abbreviations: SC, sieving coefficient; BFR, blood flow rate; UFR, ultrafiltrate flow rate; T1/2, elimination half life; Vd, volume of distribution; CLCVVHF , clearance 
by haemofiltration; CLtot, total clearance; NS, data not stated.
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a longer f T . MIC may be required in patients with 
serious bacterial infections.40,41

Most of the data that presently exists to support 
extended or continuous infusions is derived from 
simulation studies.55–58 This main message from these 
papers is that with increasing MICs, the utility of 
extended- and/or continuous-infusion for achieving 
40% f T . MIC increases. However, susceptibilities 
to meropenem generally remain sufficiently high,59–61 
that administration as an intermittent infusion (over 
30 mins) remains appropriate for treatment of serious 
infections.12 An important retrospective cohort study 
in this context was performed by Lorente et al which 
sought to determine the clinical efficacy of continu-
ous (1 g over 6 hrs administered every 6 hrs) versus 
intermittent infusion (1 g over 30 mins every 6 hrs) of 
meropenem for the treatment of ventilator-associated 
pneumonia (VAP) due to Gram negative bacilli.14 The 
study was designed as such as continuous infusion 
is likely to follow the pharmacodynamics of mero-
penem and sustain meropenem concentrations for a 
more significant f T . MIC. The authors found that 
the group receiving meropenem by continuous infu-
sion showed a greater clinical cure rate than the group 
treated with intermittent infusion (38 of 42, 90.47%, 
vs. 28 of 47, 59.57%, respectively; P , 0.001).

Stability data
One aspect of clinical importance which determines 
the capacity to administer meropenem as an extended- 
or continuous-infusion is its physicochemical stability 
at room temperature. At room temperature the stabil-
ity of meropenem is limited to approximately 8 hours 
when dissolved in a 0.9% sodium chloride solution.62 
Further to this, meropenem has reduced stability in 
5% glucose solutions.13 Data from Kuti et al, suggests 
that when used in the ambulatory setting, if the mero-
penem solution is maintained next to a cold pack, the 
stability can be extended to 24-hours.63 When stored 
at 5°C, meropenem stability has been documented 
at 120 hours.64 It follows that for meropenem to be 
administered as a continuous infusion in the clini-
cal environment, it should be administered in 0.9% 
sodium chloride as 3 3 8 hour infusions with longer 
infusion durations not appropriate unless in the pres-
ence of a cold pack. If elevated serum sodium concen-
trations necessitate administration with 5% glucose, 

then continuous infusions are not practicable and use 
of extended infusions over 3-hours could be used if 
extended infusion durations are desired.65

Clinical Outcome Data
Several trials have been published that evaluate the 
effectiveness and safety of meropenem as empirical 
therapy in different types of severe bacterial infec-
tions. These trials are described in Table 4. Data on 
complicated intra-abdominal infections (cIAI) is dis-
cussed below because of the range of different studies 
undertaken for this indication.

Nosocomial pneumonia
Three studies have been performed comparing mero-
penem with other antimicrobial agents for the treatment 
of nosocomial lower respiratory tract infections.66–68 
In the studies of mereopenem versus ceftazidime 
plus tobramycin66 or amikacin,67 the authors reported 
improved clinical and bacteriological cures with 
meropenem monotherapy. The third study by Hey-
land et al68 compared meropenem monotherapy ver-
sus meropenem plus ciprofloxacin for the treatment of 
late-onset VAP in critically ill patients. Although the 
results gave support for meropenem monotherapy for 
treatment of late-onset VAP in most patients, it also 
demonstrated the importance of combination therapy 
for patients infected with Pseudomonas spp., Acine-
tobacter spp., or multidrug-resistant Gram negative 
bacilli. In these patients, combination therapy achieved 
improved bacteriological cure rates with combination 
therapy (P = 0.05) and had improved appropriateness 
of empirical therapy (p , 0.001) compared with those 
patients that received monotherapy.68 For nosocomial 
infections, meropenem has shown conflicting results 
in pharmacoeconomic analyses depending on the type 
of analysis performed.69,70

Severe Community-Acquired  
Pneumonia (sCAP)
Three randomised controlled trials have evaluated the 
efficacy of meropenem in the treatment of another 
serious bacterial infection, sCAP.71–73 Each study 
has demonstrated non-inferiority of meropenem to 
imipenem/cilastatin71 and other conventional therapy 
for sCAP (ceftriaxone + clarithromycin or amikacin + 
clarithromycin)72 or ceftazidime.73

http://www.la-press.com


Meropenem for serious infections

Clinical Medicine Reviews in Therapeutics 2010:2	 153

Table 4. Summary of studies comparing clinical and bacterial cure rates for serious bacterial infections of meropenem  
versus comparators.

Author Study design Meropenem 
comparator

Main findings

Nosocomial pneumonia
Sieger et al66 Randomised, 

multicentre  
(n = 211)

Ceftazidime + 
tobramycin

Improved clinical (p = 0.04) and bacteriological  
(p , 0.006) cure with meropenem for lower RTI

Alvarez-Lerma et al67 Randomised  
(n = 140)

Ceftazidime +  
amikacin

Improved clinical (p , 0.05) and bacteriological  
(p , 0.05) cure with meropenem for VAP

Heyland et al68 Randomised  
(n = 740)

Meropenem + 
ciprofloxacin 
(combination)

Similar clinical and bacteriological cure rates  
late-onset VAP for both groups. If patient infected 
with Pseudomonas spp.or multidrug-resistant Gram 
negatives, combination therapy resulted in improved 
bacteriological cure rates (p = 0.05) 

Severe Community-Acquired Pneumonia (sCAP)
Bartlonini et al71 Randomised, 

multicentre  
(n = 144)

imipenem/cilastatin Meropenem was as effective as imipenem/cilastatin

Romanelli et al72 Randomised, 
open-labelled  
(n = 204)

Ceftriaxone + 
clarithromycin 
or amikacin + 
clarithromycin

Meropenem or imipenem/cilastatin as effective as the 
comparators but meropenem more mildly more cost-
effective ($60/day)

Finch et al73 Pooled data  
from two  
clinical trials  
(n = 393)

Ceftazidime Meropenem and ceftazidime were effective with 
clinical cure rates of 91.4% and 90.3% respectively 
and bacteriological cure rates 94.7% and 92.3% 
respectively

Complicated skin and skin structure infections 
Nichols et al83 Randomised, 

open-labelled  
(n = 377)

Imipenem/cilastatin Both agents effective for treating cSSSI with high 
clinical cure and bacteriological response rates for 
both meropenem (98% and 94%), and imipenem/
cilastatin (95% and 91%)

Fabian et al84 Randomised, 
double-blinded  
(n = 1076)

Imipenem/cilastatin Clinical outcomes were similar with 93.5% success 
for meropenem and 92.3% for imipenem/cilastatin. 
Duration of the treatment and frequency of surgical 
interventions (27% vs. 25% respectively) were also 
similar

Bacterial meningitis
Schmutzhard et al85 Randomised, 

multi-centre  
(n = 56)

Cefotaxime or 
ceftriaxone 

Meropenem clinical cure rate was 100% compared 
with the cephalosporins 77% for adults

Klugman et al86 Randomised  
(n = 190)

Cefotaxime Clinical cures of 100% in both meropenem and 
cefotaxime groups for paediatrics

Odio et al87 Randomised, 
multi-centre  
(n = 258)

Cefotaxime Clinical cure rates of 97% in the meropenem and 96% 
in the cefotaxime group for paediatrics

Complicated urinary tract infections
Cox et al88 Open-labeled, 

randomised  
multi-centre  
(n = 235)

Imipenem/cilastatin E.coli was the most frequent causal pathogen. The 
two treatments resulted in excellent clinical and 
bacteriological cure rates for meropenem (99% 
and 90%) and imipenem/cilastatin (99% and 81%) 
respectively. Patients receiving meropenem had 
decreased incidence of adverse drug events  
(i.e. pruritus, diarrhoea and elevation of hepatic 
enzymes) (8% vs. 19% respectively)

Abbreviations: RTI, respiratory tract infection; VAP, ventilator associated pneumonia; cSSSI, Complicated Skin and Skin Structure Infections.
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Complicated Intra-Abdominal  
Infections (cIAI)
The efficacy of meropenem versus comparators 
for the treatment of cIAI has been evaluated 
by several randomised trials.74–77 The chosen 
comparators included imipenem/cilastatin,74,76,78 
cefotaxime plus metronidazole75,79 and clindamy-
cin plus tobramycin.77,80,81 In these trials, mero-
penem demonstrated clinical and bacteriological 
non-inferiority to imipenem/cilastatin74,76,78 and 
clindamycin/tobramycin77,80 in the treatment of cIAI. 
A similar rate of adverse events was also observed 
between the groups, except for the clindamycin/
tobramycin comparator group which developed a 
significantly increased serum creatinine concentra-
tion.80 Meropenem demonstrated clinical superior-
ity against cefotaxime plus metronidazole in one 
study (P = 0.03).80 Clinical and bacteriological non-
inferiority was shown in another study.82 Therefore, 
in comparison with cefotaxime plus metronida-
zole, meropenem is an effective alternative for the 
management of cIAI.

Complicated Skin and Skin Structure 
Infections (cSSSI)
The comparative effectiveness of meropenem and 
imipenem/cilastatin for treatment of cSSSI has been 
assessed in two randomised multi-centre clinical 
trials.83,84 Each has shown equivalence of therapy for 
treatment of cSSSI.

Bacterial meningitis
Clinical outcomes studies have been performed to 
assess the clinical utility of meropenem in bacterial 
meningitis in adults85 and in paediatrics.86,87 The data 
suggests that meropenem may be an appropriate alter-
native treatment for this indication.

Complicated Urinary Tract  
Infections (cUTI)
cUTI are also considered a serious bacterial infection 
and have been subject to one significant study that 
compared meropenem with imipenem/cilastatin.88 
In this study, the authors concluded that meropenem 
was an appropriate alternative to imipenem/cilastatin 
for the treatment of cUTI.

Safety and Tolerability
Meropenem is well tolerated and is considered very 
safe. Extensive reviews of the safety and tolerabil-
ity of meropenem have been published previously.89 
An excellent comparison of the safety of meropenem 
with imipenem/cilastatin, cephalosporins (with and 
without an aminoglycoside) and clindamycin with 
an aminoglycoside was performed by Linden et al.89 
The authors included 52 previous studies with a total 
of over 6000 patients (including .1000 paediatric 
patients) and found comparable rates of clinician-
reported adverse events. The incidence of drug-related 
adverse events for meropenem was 16% compared 
with 12%–21% for the comparators. The most fre-
quently observed adverse events were diarrhoea, rash 
and nausea and vomiting which all occurred in less 
than 4% patients. In paediatric patients with serious 
bacterial infections, a similar rate of drug-related 
adverse events was seen as in the combined analysis.

Drug-related laboratory adverse events were also 
uncommon for both meropenem and the compara-
tors with increased alanine transferase concentra-
tions (3.7% and 2.4%–5.7% respectively), aspartate 
transferase concentrations (2.9% and 1.9%–4.6% 
respectively) and thrombocytosis (1.3% and 
1.2%–4.6% respectively) being the most common 
events. It should be noted that all of the included 
studies in the analysis by Linden et al89 typically 
excluded patients with a known hypersensitivity to 
β-lactams (or comparator drugs) as well as patients 
with marked hepatic or renal disease or with a his-
tory of seizures. However, other data suggests that 
the rate of carbapenem cross-hypersensitivity to 
β-lactams is approximately 10%.90

Meropenem has been described to interact with 
sodium valproate resulting in decreased sodium val-
proate concentrations. The mechanism for this remains 
unclear, although the extent of the interaction is sig-
nificant with a decrease in sodium valproate up to 
82%.91 Where possible, an alternate antibiotic should 
be used in patients previously receiving sodium val-
proate therapy.

Place in Therapy
The broad spectrum of antibacterial activity as well 
as favourable pharmacokinetic profile and safety pro-
file make meropenem an attractive choice for ther-
apy of serious bacterial infections. These attributes 
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are reinforced by compelling data describing the 
importance of early and appropriate antibiotic therapy 
for improving outcomes in critically ill patients with 
serious bacterial infections.1–3,5,92 However, whilst 
such data suggests that meropenem would provide 
excellent empiric cover, the same data also suggests 
that it is an appropriate alternative to be kept as a 
reserve agent for directed therapy to reduce selective 
pressure that may lead to the development of future 
antibiotic resistance. Certainly any considerations for 
empiric use of meropenem should be guided by local 
susceptibility profiles and the clinical presentation of 
the patient including recent antibiotic therapies.

Standard directions for administration of mero-
penem, in the absence of renal dysfunction, recom-
mend administration every 8 hours as a 5 minute or 
15–30 minute infusion. However, the short half-life 
of meropenem in these patients (,1 hour) means that 
low concentrations may be present for considerable 
durations of the dosing interval. Present data indi-
cates that despite this, because of the high level of 
susceptibility of most bacteria to meropenem, that 
pharmacodynamic targets are still achieved.12 How-
ever, with decreasing susceptibility, the 8 hour dos-
ing interval may become inappropriate and more 
frequent administration, or administration as an 
extended- or continuous infusion may be preferred 
to achieve pharmacodynamic targets associated with 
maximal bacterial killing. Furthermore, emerging 
data suggests that in patients with impaired periph-
eral circulation, such as those with sepsis or septic 
shock that tissue concentrations are in fact signifi-
cantly lower than plasma concentrations.12 Although 
no data demonstrates the relationship of tissue con-
centrations to clinical outcome, tissue concentrations 
may be found to be important because they are the 
site of most infections.93 Further research may guide 
the need for altered dosing to optimize antibiotic 
concentrations in the infected tissue. In most other 
clinical situations, meropenem has excellent penetra-
tion into body tissues.

In comparison with other antibiotics, meropenem 
has been shown to be an effective and well tolerated 
alternative to other agents. In clinical trials with other 
antibiotic comparators such as imipenem/cilastatin 
and cephalosporins (with and without an aminogly-
coside), meropenem has been shown to have com-
parable efficacy for the treatment of different types 

of serious bacterial infections including sCAP, cIAI, 
cSSSI, bacterial meningitis and cUTIs. In clinical stud-
ies of meropenem versus ceftazidime and an amino-
glycoside, meropenem produced superior results for 
treatment of nosocomial and VAP. Accordingly, mero-
penem is recommended as empiric therapy for various 
infections by many leading authorities including the 
American Thoracic Society,94 the European Society 
for Clinical Microbiology and Infectious Diseases95 
and the Infectious Diseases Society of America.

Conclusion
Meropenem is an excellent therapeutic option for 
treatment of serious bacterial infections. Meropenem 
has a broad spectrum of activity against many Gram 
positive and Gram negative organisms and stability 
against ESBL producing organisms. It has a favour-
able pharmacokinetic profile enabling distribution 
into many tissue sites and has been shown to be at 
least as effective as comparator antibiotics for various 
serious bacterial infections in well designed clinical 
trials. Meropenem also has a good safety and toler-
ability profile in adult and paediatric patients. This 
allows administration by bolus dosing or intermittent 
infusion, although poor stability at room tempera-
ture complicates possible administration by continu-
ous infusion. Such properties make meropenem an 
excellent treatment for serious bacterial infections 
as either empiric or directed therapy, with adminis-
tration by extended infusion appropriate for treat-
ment of infections caused by pathogens with reduced 
susceptibility.

Acknowledgements
We would like to acknowledge funding of the 
Burns Trauma and Critical Care Research Centre by 
National Health and Medical Research Council of 
Australia (Project Grant 519702), Australia and New 
Zealand College of Anaesthetists (ANZCA 06/037 
and 09/032), Queensland Health—Health Practitio-
ner Research Scheme and the Royal Brisbane and 
Women’s Hospital Research Foundation. Ms Ull-
demolins is supported by CIBERES, AGAUR SGR 
05/520 and FIS 07/90960. Dr Roberts is funded by a 
fellowship from the Australian National Health and 
Medical Research Council of Australia (Australian 
Based Health Professional Research Fellowship 
569917).

http://www.la-press.com


Roberts et al

156	 Clinical Medicine Reviews in Therapeutics 2010:2

Disclosures
This manuscript has been read and approved by all 
authors. This paper is unique and is not under con-
sideration by any other publication and has not been 
published elsewhere. The authors and peer review-
ers of this paper report no conflicts of interest. The 
authors confirm that they have permission to repro-
duce any copyrighted material.

References
	 1.	 Garnacho-Montero J, Garcia-Garmendia JL, Barrero-Almodovar A, 

Jimenez-Jimenez FJ, Perez-Paredes C, Ortiz-Leyba C. Impact of adequate 
empirical antibiotic therapy on the outcome of patients admitted to the 
intensive care unit with sepsis. Crit Care Med. 2003 Dec;31(12):2742–51.

	 2.	 Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate antimicrobial treat-
ment of infections: a risk factor for hospital mortality among critically ill 
patients. Chest. 1999 Feb;115(2):462–74.

	 3.	 Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initia-
tion of effective antimicrobial therapy is the critical determinant of survival 
in human septic shock. Crit Care Med. 2006 Jun;34(6):1589–96.

	 4.	 Roberts JA, Lipman J. Pharmacokinetic issues for antibiotics in the criti-
cally ill patient. Crit Care Med. 2009 Mar;37(3):840–51.

	 5.	 Garnacho-Montero J, Garnacho-Montero C, Cayuela A, Ortiz-Leyba C. 
Timing of adequate antibiotic therapy is more determinant of outcome 
than TNF and IL-10 polymorphisms in septic patients. Critical Care. 2006 
July 19;10:R111.

	 6.	 Harbarth S, Garbino J, Pugin J, Romand JA, Lew D, Pittet D. Inappro-
priate initial antimicrobial therapy and its effect on survival in a clinical 
trial of immunomodulating therapy for severe sepsis. Am J Med. 2003 
Nov;115(7):529–35.

	 7.	 Friedman G, Silva JE, Vincent JL. Has the mortality of septic shock changed 
with time. Crit Care Med. 1998 Dec;26(12):2078–86.

	 8.	 Marshall JC. Inflammation, coagulopathy, and the pathogenesis of multiple 
organ dysfunction syndrome. Crit Care Med. 2001 Jul;29(7 Suppl):S99–106.

	 9.	 Bakker-Woudenberg IA, Roosendaal R. Impact of dosage schedule of 
antibiotics on the treatment of serious infections. Intensive Care Med. 
1990;16:S229–34.

	10.	 Gomez CM, Cordingly JJ, Palazzo MG. Altered pharmacokinetics of 
ceftazidime in critically ill patients. Antimicrob Agents Chemother. 1999 
Jul;43(7):1798–802.

	11.	 Lipman J, Wallis SC, Rickard CM, Fraenkel D. Low cefpirome levels 
during twice daily dosing in critically ill septic patients: pharmacoki-
netic modelling calls for more frequent dosing. Intensive Care Med. 2001 
Feb;27(2):363–70.

	12.	 Roberts JA, Kirkpatrick CMJ, Roberts MS, Robertson TA, Dalley AJ, 
Lipman J. Meropenem dosing in critically ill patients with sepsis and with-
out renal dysfunction—intermittent bolus vs. continuous administration? 
Monte-Carlo dosing simulations and subcutaneous tissue distribution. 
J Antimicrob Chemother. 2009 Mar;64:142–50.

	13.	 AstraZeneca Pharmaceuticals LP. MERREM® I.V. (meropenem for injec-
tion) Product Information. In: AstraZeneca Pharmaceuticals LP, ed., 2006.

	14.	 Lorente L, Lorenzo L, Martin MM, Jimenez A, Mora ML. Meropenem by 
continuous versus intermittent infusion in ventilator-associated pneumonia 
due to gram-negative bacilli. Ann Pharmacother. 2006 Feb;40(2):219–23.

	15.	 Jaruratanasirikul S, Sriwiriyajan S, Punyo J. Comparison of the pharmaco-
dynamics of meropenem in patients with ventilator-associated pneumonia 
following administration by 3-hour infusion or bolus injection. Antimicrob 
Agents Chemother. 2005 Apr;49(4):1337–9.

	16.	 Tomaselli F, Maier A, Matzi V, Smolle-Juttner FM, Dittrich P. Penetration 
of meropenem into pneumonic human lung tissue as measured by in vivo 
microdialysis. Antimicrob Agents Chemother. 2004 Jun;48(6):2228–32.

	17.	 Zhanel GG, Wiebe R, Dilay L, et al. Comparative review of the carbapenems. 
Drugs. 2007;67(7):1027–52.

	18.	 Yang Y, Bhachech N, Bush K. Biochemical comparison of imipenem, 
meropenem and biapenem: permeability, binding to penicillin-binding 
proteins, and stability to hydrolysis by beta-lactamases. J Antimicrob 
Chemother. 1995 Jan;35(1):75–84.

	19.	 Rhomberg PR, Jones RN. Summary trends for the Meropenem Yearly Sus-
ceptibility Test Information Collection Program: a 10-year experience in the 
United States (1999–2008). Diagn Microbiol Infect Dis. 2009;65:414–26.

	20.	 Turner PJ. MYSTIC Europe. 2007: activity of meropenem and other broad-
spectrum agents against nosocomial isolates. Diagn Microbiol Infect Dis. 
2009;63:217–22.

	21.	 Jones RN, Sader HS, Fritsche TR. Comparative activity of doripenem and 
three other carbapenems tested against Gram-negative bacilli with various 
beta-lactamase resistance mechanisms. Diagn Microbiol Infect Dis. 2005 
May;52(1):71–4.

	22.	 Falagas ME, Rafailidis PI, Matthaiou DK, et al. Pandrug-resistant Kleb-
siella pneumoniae, Pseudomonas aeruginosa and Acinetobacter baumannii 
infections: characteristics and outcome in a series of 28 patients. Int J Anti-
microb Agents. 2008;32:450–4.

	23.	 Korten V, Ulusoy S, Zarakolu P, et al. Antibiotic resistance surveillance over 
a 4-year period (2000–2003) in Turkey: results of the MYSTIC Program. 
Diagn Microbiol Infect Dis. 2007;59:453–7.

	24.	 Data on file. AstraZeneca. 2008.
	25.	 Lowe MN, Lamb HM. Meropenem: an updated review of its use in the man-

agement of intra-abdominal infections. Drugs. 2000 Sep;60(3):619–46.
	26.	 Ambler RP. The structure of beta-lactamases. Philos Trans R Soc Lond B 

Biol Sci. 1980 May 16;289(1036):321–31.
	27.	 Nordmann P, Poirel L. Emerging carbapenemases in Gram-negative aerobes. 

Clin Microbiol Infect. 2002 Jun;8(6):321–31.
	28.	 Pournaras S, Maniati M, Spanakis N, et al. Spread of efflux pump- 

overexpressing, non-metallo-beta-lactamase-producing, meropenem- 
resistant but ceftazidime-susceptible Pseudomonas aeruginosa in a region 
with blaVIM endemicity. J Antimicrob Chemother. 2005;56:761–4.

	29.	 Drusano GL, Liu W, Fregeau C, et al. Differing effects of combination che-
motherapy with meropenem and tobramycin on cell kill and suppression 
of resistance of wild-type Pseudomonas aeruginosa PAO1 and its isogenic 
MexAB efflux pump-overexpressed mutant. Antimicrob Agents Chemother. 
2009:2266–73.

	30.	 Kim SH, Chang AB, Saier MHJ. Sequence similarity between multidrug 
resistance efflux pumps of the ABC and RND superfamilies. Microbiology. 
2004;150:2493–5.

	31.	 Grobner S, Linke D, Schutz W, et al. Emergence of carbapenem-non- 
susceptible extended-spectrum beta-lactamase-producing Klebsiella pneu-
moniae isolates at the university hospital of Tubingen, Germany. J Med 
Microbiol. 2009;58:912–22.

	32.	 El Amin N, Giske CG, Jalal S, et al. Carbapenem resistance mechanisms in 
Pseudomonas aeruginosa: alterations of porin OprD and efflux proteins do 
not fully explain resistance patterns observed in clinical isolates. APMIS. 
2005;113:187–96.

	33.	 Koga T, Masuda N, Kakuta M. Potent in vitro activity of tomopenem  
(CS-023) against methicillin-resistant Staphylococcus aureus and Pseudomo-
nas aeruginosa. Antimicrob Agents Chemother. 2008;52(8):2849–54.

	34.	 Mouton JW, Dudley MN, Cars O, Derendorf H, Drusano GL. Standardization 
of pharmacokinetic/pharmacodynamic (PK/PD) terminology for anti-infective 
drugs: an update. J Antimicrob Chemother. 2005 May;55(5):601–7.

	35.	 Hanberger H, Svensson E, Nilsson LE, Nilsson M. Pharmacodynamic 
effects of meropenem on gram-negative bacteria. Eur J Clin Microbiol 
Infect Dis. 1995 May;14(5):383–90.

	36.	 Drusano GL. Antimicrobial pharmacodynamics: critical interactions of ‘bug 
and drug’. Nat Rev Microbiol. 2004 Apr;2(4):289–300.

	37.	 Katsube T, Yamano Y, Yano Y. Pharmacokinetic-pharmacodynamic model-
ing and simulation for in vivo bactericidal effect in murine infection model. 
J Pharm Sci. 2008 Apr;97(4):1606–14.

	38.	 Craig WA. Pharmacokinetic/pharmacodynamic parameters: rationale for 
antibacterial dosing of mice and men. Clin Infect Dis. 1998;26(1):1–10.

	39.	 Ariano RE, Nyhlen A, Donnelly JP, Sitar DS, Harding GK, Zelenitsky SA. 
Pharmacokinetics and pharmacodynamics of meropenem in febrile neutro-
penic patients with bacteremia. Ann Pharmacother. 2005 Jan;39(1):32–8.

http://www.la-press.com


Meropenem for serious infections

Clinical Medicine Reviews in Therapeutics 2010:2	 157

	40.	 Li C, Du X, Kuti JL, Nicolau DP. Clinical pharmacodynamics of meropenem 
in patients with lower respiratory tract infections. Antimicrob Agents 
Chemother. 2007 May;51(5):1725–30.

	41.	 Wiseman LR, Wagstaff AJ, Brogden RN, Bryson HM. Meropenem. A review 
of its antibacterial activity, pharmacokinetic properties and clinical efficacy. 
Drugs. 1995 Jul;50(1):73–101.

	42.	 Moon YS, Chung KC, Gill MA. Pharmacokinetics of meropenem in 
animals, healthy volunteers, and patients. Clin Infect Dis. 1997 Feb;24 
(Suppl 2):S249–55.

	43.	 Bearden DT, Earle SB, McConnell DB, Belle DJ, Kohlhepp SJ. Pharma-
cokinetics of meropenem in extreme obesity [abstract]. In: Program and 
abstracts of the 45th interscience conference on antimicrobial agents and 
chemotherapy. Washington, DC: American Society for Microbiology. 
2005:2.

	44.	 Kuti JL, Maglio D, Nightingale CH, Nicolau DP. Economic benefit of a 
meropenem dosage strategy based on pharmacodynamic concepts. Am J 
Health Syst Pharm. 2003 Mar 15;60(6):565–8.

	45.	 Thalhammer F, Schenk P, Burgmann H, et al. Single-dose pharmacokinetics 
of meropenem during continuous venovenous hemofiltration. Antimicrob 
Agents Chemother. 1998 Sep;42(9):2417–20.

	46.	 Tegeder I, Neumann F, Bremer F, Brune K, Lotsch J, Geisslinger G. Phar-
macokinetics of meropenem in critically ill patients with acute renal failure 
undergoing continuous venovenous hemofiltration. Clin Pharmacol Ther. 
1999 Jan;65(1):50–7.

	47.	 Ververs TF, van Dijk A, Vinks SA, et al. Pharmacokinetics and dosing regi-
men of meropenem in critically ill patients receiving continuous venovenous 
hemofiltration. Crit Care Med. 2000 Oct;28(10):3412–6.

	48.	 Giles LJ, Jennings AC, Thomson AH, Creed G, Beale RJ, McLuckie A. 
Pharmacokinetics of meropenem in intensive care unit patients receiving 
continuous veno-venous hemofiltration or hemodiafiltration. Crit Care 
Med. 2000 Mar;28(3):632–7.

	49.	 Valtonen M, Tiula E, Backman JT, Neuvonen PJ. Elimination of mero-
penem during continuous veno-venous haemofiltration and haemodiafil-
tration in patients with acute renal failure. J Antimicrob Chemother. 2000 
May;45(5):701–4.

	50.	 Krueger WA, Neeser G, Schuster H, et al. Correlation of meropenem 
plasma levels with pharmacodynamic requirements in critically ill patients 
receiving continuous veno-venous hemofiltration. Chemotherapy. 2003 
Dec;49(6):280–6.

	51.	 Krueger WA, Bulitta J, Kinzig-Schippers M, et al. Evaluation by monte 
carlo simulation of the pharmacokinetics of two doses of meropenem 
administered intermittently or as a continuous infusion in healthy volun-
teers. Antimicrob Agents Chemother. 2005;49(5):1881–9.

	52.	 Kitzes-Cohen R, Farin D, Piva G, De Myttenaere-Bursztein SA. Pharma-
cokinetics and pharmacodynamics of meropenem in critically ill patients. 
Int J Antimicrob Agents. 2002 Feb;19(2):105–10.

	53.	 Novelli A, Adembri C, Livi P, Fallani S, Mazzei T, De Gaudio AR. Pharma-
cokinetic evaluation of meropenem and imipenem in critically ill patients 
with sepsis. Clin Pharmacokinet. 2005;44(5):539–49.

	54.	 Roberts JA, Paratz JD, Paratz E, Krueger WA, Lipman J. Continuous infu-
sion of beta-lactam antibiotics in severe infections—a review of its role. Int 
J Antimicrob Agents. 2007;30:11–8.

	55.	 Li C, Kuti JL, Nightingale CH, Nicolau DP. Population pharmacokinetic 
analysis and dosing regimen optimization of meropenem in adult patients. 
J Clin Pharmacol. 2006 Oct;46(10):1171–8.

	56.	 Sun HK, Kuti JL, Nicolau DP. Pharmacodynamics of antimicrobials for the 
empirical treatment of nosocomial pneumonia: a report from the OPTAMA 
Program. Crit Care Med. 2005 Oct;33(10):2222–7.

	57.	 Kuti JL, Nightingale CH, Nicolau DP. Optimizing pharmacodynamic target 
attainment using the MYSTIC antibiogram: data collected in North America 
in 2002. Antimicrob Agents Chemother. 2004 Jul;48(7):2464–70.

	58.	 Kiffer CR, Mendes C, Kuti JL, Nicolau DP. Pharmacodynamic compari-
sons of antimicrobials against nosocomial isolates of Escherichia coli, 
Klebsiella pneumoniae, Acinetobacter baumannii and Pseudomonas aerug-
inosa from the MYSTIC surveillance program: the OPTAMA Program, 
South America 2002. Diagn Microbiol Infect Dis. 2004 Jun;49(2): 
109–16.

	59.	 Rhomberg PR, Fritsche TR, Sader HS, Jones RN. Comparative antimicrobial 
potency of meropenem tested against Gram-negative bacilli: report from the 
MYSTIC surveillance program in the United States (2004). J Chemother. 
2005 Oct;17(5):459–69.

	60.	 Rhomberg PR, Fritsche TR, Sader HS, Jones RN. Antimicrobial suscep-
tibility pattern comparisons among intensive care unit and general ward 
Gram-negative isolates from the Meropenem Yearly Susceptibility Test 
Information Collection Program (USA). Diagn Microbiol Infect Dis. 2006 
Sep;56(1):57–62.

	61.	 Rhomberg PR, Jones RN. Contemporary activity of meropenem and compar-
ator broad-spectrum agents: MYSTIC program report from the United States 
component (2005). Diagn Microbiol Infect Dis. 2007 Feb;57(2):207–15.

	62.	 Patel PR, Cook SE. Stability of meropenem in intravenous solutions. Am J 
Health Syst Pharm. 1997 Feb 15;54(4):412–21.

	63.	 Kuti JL, Nightingale CH, Knauft RF, Nicolau DP. Pharmacokinetic proper-
ties and stability of continuous-infusion meropenem in adults with cystic 
fibrosis. Clin Ther. 2004 Apr;26(4):493–501.

	64.	 Smith DL, Bauer SM, Nicolau DP. Stability of meropenem in polyvinyl 
chloride bags and an elastomeric infusion device. Am J Health Syst Pharm. 
2004 Aug 15;61(16):1682–5.

	65.	 Jaruratanasirikul S, Sriwiriyajan S, Punyo J. Comparison of the pharmaco-
dynamics of meropenem in patients with ventilator-associated pneumonia 
following administration by 3-hour infusion or bolus injection. Antimicrob 
Agents Chemother. 2005;49:1337–9.

	66.	 Sieger B, Berman SJ, Geckler RW, et al. Empiric treatment of hospital-
acquired lower respiratory tract infections with meropenem or ceftazidime 
with tobramycin: a randomized study. Meropenem Lower Respiratory 
Infection Group. Crit Care Med. 1997;25:1663–70.

	67.	 Alvarez Lerma F. Efficacy of meropenem as monotherapy in the treatment 
of ventilator-associated pneumonia. J Chemother. 2001;13:70–81.

	68.	 Heyland DK, Dodek P, Muscedere J, et al. Randomized trial of combina-
tion versus monotherapy for the empiric treatment of suspected ventilator-
associated pneumonia. Crit Care Med. 2008;36:737–44.

	69.	 Iakovlev SV, Beloborodov VB, Sidorenko SV, et al. Multicentre study of 
comparative efficacy of meropenem and combined regimens for empiri-
cal antibacterial therapy of severe nosocomial infections: results of 
clinical and pharmacoeconomic analysis. Antibiot Khimioter. 2006;51(7): 
15–27.

	70.	 Inan D, Saba R, Gunseren F, et al. Daily antibiotic cost of nosocomial infec-
tions in a Turkish university hospital. BMC Infect Dis. 2005 Jan 31;5(1):5.

	71.	 Bartoloni A, Strohmeyer M, Corti G, et al. Multicenter randomized trial 
comparing meropenem (1.5 g daily) and imipenem/cilastatin (2 g daily) in 
the hospital treatment of community-acquired pneumonia. Drugs Exp Clin 
Res. 1999;25:243–52.

	72.	 Romanelli G, Cravarezza P, Pozzi A, et al. Carbapenems in the treatment 
of severe community-acquired pneumonia in hospitalized elderly patients: 
a comparative study against standard therapy. J Chemother. 2002;14: 
609–17.

	73.	 Finch RG, Pemberton K, Gildon KM. Pneumonia: the impact of risk factors 
on the outcome of treatment with meropenem and ceftazidime. J Chemother. 
1998;10:35–46.

	74.	 Brismar B, Malmborg AS, Tunevall G, et al. Meropenem versus imipenem/
cilastatin in the treatment of intra-abdominal infections. J Antimicrob 
Chemother. 1995;35:139–48.

	75.	 Huizinga WK, Warren BL, Baker LW, et al. Antibiotic monotherapy with 
meropenem in the surgical management of intra-abdominal infections. 
J Antimicrob Chemother. 1995;36(Suppl A):179–89.

	76.	 Basoli A, Meli EZ, Mazzocchi P, et al. Imipenem/cilastatin (1.5 g daily) 
versus meropenem (3.0 g daily) in patients with intra-abdominal infections: 
results of a prospective, randomized, multicentre trial. Scandinavian Jour-
nal of lnfectious Diseases. 1997;29:503–8.

	77.	 Wilson SE. Results of a randomized, multicenter trial of meropenem versus 
clindamycin/tobramycin for the treatment of intra-abdominal infections. 
Clin Infect Dis. 1997;24(Suppl 2):S197–206.

	78.	 Geroulanos SJ. Meropenem versus imipenem/cilastatin in intra-abdominal 
infections requiring surgery. Meropenem Study Group. J Antimicrob 
Chemother. 1995;36(Suppl A):191–205.

http://www.la-press.com


Roberts et al

158	 Clinical Medicine Reviews in Therapeutics 2010:2

	79.	 Kempf P, Bauernfeind A, Muller A, et al. Meropenem monotherapy versus 
cefotaxime plus metronidazole combination treatment for serious intra-
abdominal infections. Infection. 1996;24:473–9.

	80.	 Condon RE, Walker AP, Sirinek KR, et al. Meropenem versus tobramy-
cin plus clindamycin for treatment of intraabdominal infections: results 
of a prospective, randomized, double-blind clinical trial. Clin Infect Dis. 
1995;21:544–50.

	81.	 Berne TV, Yellin AE, Appleman MD, et al. Meropenem versus tobramycin 
with clindamycin in the antibiotic management of patients with advanced 
appendicitis. J Am Coll Surg. 1996;182:403–7.

	82.	 Huizinga WK, Warren BL, Baker LW, et al. Antibiotic monotherapy with 
meropenem in the surgical management of intra-abdominal infections.  
J Antimicrob Chemother. 1995 Jul;36(Suppl A):179–89.

	83.	 Nichols RL, Smith JW, Geckler RW, et al. Meropenem versus imipenem/
cilastatin in the treatment of hospitalized patients with skin and soft tissue 
infections. South Med J. 1995;88:397–404.

	84.	 Fabian TC, File TM, Embil JM, et al. Meropenem versus imipenem-
cilastatin for the treatment of hospitalized patients with complicated skin 
and skin structure infections: results of a multicenter, randomized, double-
blind comparative study. Surg Infect (Larchmt). 2005;6:269–82.

	85.	 Schmutzhard E, Williams KJ, Vukmirovits G, et al. A randomised 
comparison of meropenem with cefotaxime or ceftriaxone for the treatment 
of bacterial meningitis in adults. Meropenem Meningitis Study Group. 
J Antimicrob Chemother. 1995;36(Suppl A):85–97.

	86.	 Klugman KP, Dagan R. Randomized comparison of meropenem with cefo-
taxime for treatment of bacterial meningitis. Meropenem Meningitis Study 
Group. Antimicrob Agents Chemother. 1995;39:1140–6.

	87.	 Odio CM, Puig JR, Feris JM, et al. Prospective, randomized, investigator-
blinded study of the efficacy and safety of meropenem vs. cefotaxime 
therapy in bacterial meningitis in children. Meropenem Meningitis Study 
Group. Pediatr Infect Dis J. 1999;18:581–90.

	88.	 Cox CE, Holloway WJ, Geckler RW. A multicenter comparative study of 
meropenem and imipenem/cilastatin in the treatment of complicated urinary 
tract infections in hospitalized patients. Clin Infect Dis. 1995 Jul;21(1):86–92.

	89.	 Linden P. Safety profile of meropenem: an updated review of over 
6000 patients treated with meropenem: a retrospective study. Ann Pharma-
cother. 2007;30(8):657–68.

	90.	 Prescott Jnr WA, Kusmierski KA. Clinical importance of carbapenem 
hypersensitivity in patients with self-reported and documented penicillin 
allergy. Pharmacotherapy. 2007;27(1):137–42.

	91.	 Haroutiunian S, Ratz Y, Rabinovich B, et al. Valproic acid plasma concen-
tration decreases in a dose-independent manner following administration of 
meropenem: a retrospective study. J Clin Pharmacol. 2009;49(11):1363–9.

	92.	 MacArthur RD, Miller M, Albertson T, et al. Adequacy of early empiric 
antibiotic treatment and survival in severe sepsis: experience from the 
MONARCS trial. Clin Infect Dis. 2004 Jan 15;38(2):284–8.

	93.	 Ryan DM. Pharmacokinetics of antibiotics in natural and experimental 
superficial compartments in animals and humans. J Antimicrob Chemother. 
1993 May;31 (Suppl D):1–16.

	94.	 American Thoracic Society. Guidelines for the management of adults 
with hospital-acquired, ventilator-associated, and healthcare-associated 
pneumonia. Am J Respir Crit Care Med. 2005;171(4):388–416.

	95.	 Woodhead M, Blasi F, Ewig S, et al. Guidelines for the management of adult 
lower respiratory tract infections. Eur Respir J. 2005;26(6):1138–80.

http://www.la-press.com

