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Meropenem Pharmacokinetics

Meropenem penetrates rapidly and widely
into a range of body fluids and tissues(1,2).
Meropenem also penetrates into CSF although,
as with other β-lactam agents, permeability
is greater in patients with meningeal
inflammation(2).

Meropenem is primarily excreted by the
kidney with about half to three-fourths of dose
excreted unchanged in the urine and a further
one-fourth excreted as a microbiologically
inactive open β-lactam metabolite(3,4). Unlike
Imipenem, Meropenem is stable against
hydrolysis by human renal dehydropeptidase
(DHP-1) and concomitant administration of
cilastatin (DHP inhibitor) is not required(5,6).

Spectrum of Activity

Meropenem exerts its bactericidal action
by interfering with vital bacterial cell wall
synthesis. The ease with which it penetrates
bacterial cell walls, its high level of stability to
all serine β-lactamases and its marked activity
for the penicillin binding proteins (PBPs)
explain the potent bactericidal action of
meropenem against a broad spectrum of
aerobic and anaerobic bacteria. The activity
profile of meropenem has been well
established in in vitro studies and more
recently in large surveillance studies(7,8). In
vitro antibacterial spectrum of meropenem
includes the majority of clinically significant
Gram-positive and Gram-negative, aerobic
and anaerobic strains of bacteria including
methicillin-sensitive Staphylococcus aureus,
Streptococcus pyogenes, Streptococcus
pneumoniae, Moraxella catarrhalis,
Enterococcus faecalis, Escherichia coli,
Klebsiella pneumoniae, Enterobacter cloacae,
Pseudomonas aeruginosa, Burkholderia
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Meropenem is a new carbapenem
antibacterial agent with wide spectrum of
activity against Gram-negative, Gram-
positive and anerobic organisms. It is stable
against most β-lactamases produced by Gram-
negative bacteria and has greatest utility in
treating severe infections in hospitalized
children. It has good CSF penetrability and
useful in treatment of childhood meningitis and
infections in neutropenic children. Due to
concern relating to emergence of resistance, it
should be used as a reserve drug in difficult-to-
treat infections caused by resistant organisms
or when conventional treatment fails.

 Meropenem belongs to ‘Carbapenem’
group of antibacterial agents with a broad
spectrum of activity against gram-negative,
gram-positive and anerobic microorganisms.
Meropenem has clinical and bacteriological
efficacy in treatment of various serious
infections in adults and children. With easy
availability, the use of Meropenem is likely to
increase and it is essential to keep ourselves
abreast of its therapeutic role and safety profile
for pediatric patients.
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cepacia, Acinetobacter spp., Hemophilus
influenzae, and Bacteroides fragilis (9,10). As
the spectrum of activity of Meropenem extends
to over 200 clinically significant bacterial
species, only those commonly seen in pediatric
infections would be further discussed.

Gram-negative Aerobes

Nearly all Gram-negative bacteria
including those producing extended spectrum
β-lactamases (ESBL) are susceptible to
Meropenem. Pfaller and Jones(7) documented
that 99 to 100% of isolates of Gram negative
bacteria were susceptible to Meropenem, a
performance significantly better than
imipenem, ciprofloxacin, piperacillin β−
tazobactum, cetotaxime and ceftazidime.
Gram-negative bacteria considered to be
highly susceptible to meropenem included
Hemophilus influenzae and Neisseria
meningitis. Meropenem was more effective
than imipenem against P. aeroginosa(7).

A recent Indian multicentric surveillance
study(8) documented Meropenem to be the
most active of the ten antimicrobial agents
tested against a total of 212 Gram-negative
isolates of which 125 were confirmed by
reference methods to be extended spectrum
β-lactamase (ESBL) producers. The rank order
of susceptibility was meropenem (99%
susceptible) > piperacillin/tazobactam (77%) >
ciprofloxacin (43%) > aminoglycosides and
other β-lactams (30-40%). Of the tested strains
only two (Acinetobacter spp. and Pseudo-
monas putida) showed an intermediate
susceptibility to Meropenem. Escherichia coli
and Klebsiella had high levels of resistance
against other drugs but were susceptible to
Meropenem.

Gram-positive Aerobes

Gram-positive bacteria that are highly
susceptible to meropenem include

Staphylococci (penicillinase negative and
positive), coagulase-negative staphylococci
(CONS), Streptococci, Enterococcus and
Corynebacterium diphtheriae. However, as
with other β-lactam antibiotics, most
methicillin resistant strains of Staphylococci
and CONS are not susceptible to Meropenem.
Compared with imipenem, meropenem is less
active against most gram-positive organisms

Anaerobic Bacteria

A wide variety of anaerobic bacteria
like Clostridia (including Clostridium
perfringens), Bacteriodes, Fusobacteria,
Propionibacteria and Peptostreptococci are
susceptible to Meropenem(7).

Clinical Efficacy

Meropenem appears to be promising in the
treatment of hospitalized infants and children
with serious infections because of its broad
spectrum of antibacterial activity. It is the only
carbapenem which has been approved by
United States Food and Drug Administration
(US-FDA) for use in pediatric meningitis and
severe infections in intensive care settings. It
has also been used to treat septicemia, febrile
neutropenia, lower respiratory tract infections
including those in cystic fibrosis, and urinary
tract infections(11-14).

Neonatal Infections

Prevalence of multidrug resistant Gram-
negative bacterial infections is increasing in
neonatal units particularly from developing
countries and is an important cause of neonatal
mortality(15,16). This resistance is mainly
because of production of extended spectrum
β−lactamases (ESBL) rendering commonly
used first and second line agents
ineffective(17). High levels of resistance to
β-lactams agents in India has been reported
especially for Klebsiella and Escherichia
coli(8). Due to the growing problem of
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infection with ESBL-producing bacteria,
which are frequently resistant to many classes
of antibiotics resulting in difficult-to-treat
infections, clinicians need to be familiar with
potent strategies for dealing with them.

Although ciprofloxacin and the amino-
glycosides still remain an option for treatment
of severe neonatal infections caused by ESBL
producing bacteria, their utility is limited
because of poor CSF penetrability. Also, high
levels of co-resistance has been demonstrated
between the other β-lactam agents and
ciprofloxacin and aminoglycosides(8).
Clinical experience with use of Meropenem in
neonates is limited. Several reports and small-
scale studies have demonstrated an overall
satisfactory clinical and bacterial response
in most of the newborns treated with
Meropenem(18-20). Most or all of the
neonates involved in these studies had failed to
respond to previous antibacterial therapy.

In our institution, a clinical cure was
demonstrated in 90% neonates treated with
meropenem in a dose of 25 mg/Kg for
presumed or culture proven sepsis with multi-
drug resistant bacteria(21). A comparable cure
rate (90-100%) has been reported in earlier
studies(18-20). Overall, Meropenem has great
potential in treating sick newborns with serious
infections especially after failure of conven-
tional therapy or when multidrug resistance has
been demonstrated.

Febrile neutropenia

Gram-positive organisms such as
Staphylococci and Streptococci account for
50% of infections in patients with neutropenia,
while enterobacteriacae are also frequently
encountered. Meropenem has superior
antibacterial activity compared with
Ceftazidime against Staphylococci and
Streptococci as well as many gram-negative
bacteria, suggesting the possible value of

Meropenem in empirical monotherapy for
infections in these patients. In a prospective
randomized study comparing Ceftazidime and
Meropenem in febrile neutropenic children,
the later proved to be more effective in
reducing the duration of fever and antibiotic
treatment in cases with fever of unknown
origin(22). However, the efficacy was
comparable in children with documented
infections.

CNS Infections

The broad antibacterial spectrum together
with its ability to penetrate into the CSF makes
Meropenem a drug likely to be useful in
meningitis. Absence of neurotoxicity and
epileptogenecity with Meropenem also makes
it superior in CNS infections in comparison to
imipenem. Few small scale studies evaluating
use of Meropenem in severe infections have
documented a high cure rate in childhood
meningitis(23,24). The benefit is likely to be
greatest in the treatment of infections resistant
to current treatment regimens including
penicillin resistant S. pneumoniae, ampicilin
resistant β-lactamase negative H. influenzae
(25) and gram-negative pathogens producing
extended spectrum β-lactamase such as
H. influenzae, Klebsiella and other
enterobacteriaceae.

The experience of meropenem use in
childhood ventriculitis and brain abscess is
scarce. Few case reports in children and adults
reporting successful use of meropenem along
with other adjuvant therapies in these
infections are available(26-28).

Intensive-care settings

Several studies have demonstrated that
meropenem is an effective and safe treatment
for infants and children with serious pediatric
infections (e.g., urinary tract infections,
pneumonia, sepsis, intraabdominal infections,
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and skin and soft-tissue infections) includ-
ing nosocomial infections(11-14,23,24).
Meropenem monotherapy was as effective as
imipenem/cilastatin in 4 comparative trials in
terms of satisfactory clinical and bacterio-
logical responses. Meropenem monotherapy
was significantly more effective than
ceftazidime-based combination treatments in 2
trials in patients with nosocomial lower
respiratory tract infections (LRTIs) in terms of
both clinical and bacteriological responses.
However, 2 studies in patients with a range of
serious infections found meropenem to be as
effective as cephalosporin-based treatments
in terms of clinical or bacteriological
response(29).

Dosage and Administration

For children over 3 months, the
recommended dose is 10-20 mg/kg every 8
hours depending on the type and severity of
infection. In children over 50 Kg weight, adult
dosage (500 mg to 1g 8 hourly) should be used.
In meningitis, the recommended dose is 40
mg/Kg every 8 hours. The experience with the
use of Meropenem in neonates is limited and its
safety not fully established. In most of the
studies in neonates, a dose similar to that
recommended for children over 3 months has
been successfully used. Limited pharmaco-
kinetics data in preterm neonates demonstrated
adequate serum concentrations with twice-
daily administration of 15 mg/kg of mero-
penem(30). The possibility of twice-daily
administration of meropenem in neonates
requires further pharmacokinetics and efficacy
studies.

Meropenem is recommended to be used
intravenously (IV) and can be given as an intra-
venous bolus injection over approximately 5
minutes or by intravenous infusion over
approximately 15 to 30 minutes. For bolus
injection, the drug should be reconstituted with

sterile water and for IV infusion, it may be
reconstituted with compatible intravenous
fluids like glucose or saline solutions. Drug
reconstituted with sterile water maintains its
potency at room temperature (up to 25ºC) up to
8 hours and under refrigeration (4ºC) for 48
hours. The drug should be used with caution in
patients with history of hypersensitivity
reactions to β-lactam antibiotics.

Patients with renal failure (Creatinine
clearance less than 50 mL/min) require lower
dosages. The frequency should be reduced to
12 hourly in those having creatinine clearance
between 26 and 50 mL/min. At creatinine
clearance of 10-25 mL/min, one-half of the unit
dose should be given 12 hourly whereas for
values below 10 mL/min, one-half of the unit
dose should be administered once a day.

Hepatic impairment has no significant
effect on pharmacokinetics of meropenem.
However, the use in patients with hepatic
disease should be made with careful
monitoring of transaminase and bilirubin
levels. The experience with meropenem use in
children with altered hepatic or renal function
is extremely limited.

Adverse Effects

The most frequently related adverse events
in meropenem were diarrhea (2.3%), rash
(1.4%), nausea and vomiting (1.4%) and
inflammation at injection site (1.1%). The
incidence of nausea and vomiting with
meropenem is less than that with Imipenem/
cilastatin but more in comparison to
cephalosporins(31). Other reported adverse
events are headaches, abdominal pain, oral
thrush and mid prutitus(32).

Drug related elevations in hepatic enzymes
and thrombocytopenia has also been observed.
With regard to CNS, meropenem appears to be
well tolerated and is therefore safely used in
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meningitis(33). Impenem/cilastatin on the
other hand is associated with a risk of seizure,
particularly in those with predisposing factors
such as renal dysfunction or underlying CNS
pathology.

Safety of meropenem in neonates has not
been established. In a study involving 20 neo-
nates in our hospital, reversible thrombo-
cytopenia was demonstrated in 50% babies
with 10% babies having severe thrombo-
cytopenia requiring platelet transfusion. 45%
babies had mild asymptomatic deviation of
renal function tests and alteration of LFT or
cholestasis occurred in 30%. Oral candidiasis
occurred in 30% babies and none developed
seizures or neurotoxicity with meropenem.
Similar side effects were also reported in other
studies but the frequency of side effects was
much more in our group of children.

The safety of meropenem in pregnancy and
lactation has not been evaluated and it should
not be used in pregnancy and lactation unless
the potential benefit justifies the potential risk
to the fetus.

Meropenem may reduce serum valproic
acid levels and sub-therapeutic levels may be
reached in some patients.

Comparison with other Newer βββββ-Lactams

Recent in-vitro sensitivity studies have
consistently shown the better susceptibility of
gram negative isolates to meropenem over
other new beta lactams such as Aztreonam,
piperacillin+tazobactam and newer cephalo-
sporins(7-9). These differences are shown to
widen if only resistant organisms were
included demonstrating better susceptibility of
ESBL producing gram-negative bacteria to
meropenem. The susceptibility of most
resistant bacterial isolates to imipenem is
comparable(10). However, a better safety
profile of meropenem makes it a superior agent

in treatment of pediatric infections.

Important differences in these drugs are
highlighted in Table I. However, there is
paucity of data directly comparing these anti-
biotics in a true clinical setting. Meropenem
monotherapy was as effective as imipenem/
cilastatin in 4 comparative trials in terms of
satisfactory clinical and bacteriological
responses in intensive care settings(29).
However, these trials included mainly adult
patients.

There is no trial comparing meropenem
with either of these antibiotics in neonatal
infections as most of these drugs are not FDA
approved for use in neonates. Regarding severe
infections in older children, the data is again
lacking comparing meropenem with other
newer β-lactams such as cefpirome or
piperacillin+ tazobactam. Meropenem was as
effective as cephalosporin-based treatments in
few comparative trials in children with serious
infections(29). There is an urgent need to
conduct comparative trials evaluating the
relative efficacy of these drugs in neonatal
infections and other severe pediatric infections
to rationalize antibiotic therapy. With
increasing experience of meropenem use in
neonates and children, it might be possible in
near future to ethically conduct such trials.

Current Therapeutic Status of Meropenem

Meropenem is likely to be most useful in
treatment of serious (including nosocomial)
bacterial infections in intensive care settings
and neonatal units (if safety confirmed by
further studies). The utility is likely to be
greatest in resistant and difficult-to-treat gram-
negative infections. Its CSF penetrability and
lack of neurotoxicity makes it suitable for
childhood meningitis. It can also be used as a
monotherapy for treatment of infections in
febrile neutropenic patients.
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As Meropenem is not effective against
methicillin resistant staphylococci (including
MRSA) and enterococcus, it should not be
depended upon for treating suspected
staphylococcal infections after failure of
conventional anti-staphylococcal agents.

However, the drug should only be used as a
reserve agent when the conventional therapy
fails or when resistance to other antibiotics has
been documented. This strategy is important to
prevent the emergence of resistant strains
against this useful antibiotic. Resistance to the
tune of 12% has already been documented in
Pseudomonas aeuruginosa strains isolated
from hospitalized patients(34). Also, the high
cost of the drug currently restricts its use to
selected situations.
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