
Pharmacokinetics and Tolerability of Single-Dose Intravenous
Ertapenem in Infants, Children and Adolescents

Susan M. Abdel-Rahman, PharmD*,†, Gregory L. Kearns, PharmD, PhD*,†, Santiago
Topelberg, MD‡, Richard F. Jacobs, MD§, Goutam C. Mistry, MSc¶, Anup Majumdar, PhD¶,
Yang Xu, PhD¶, John A. Wagner, MD, PhD¶, Chester J. Kitchen, BA¶, Michelle Groff, MS¶,
Gary Herman, MD¶, and Jeffrey L. Blumer, PhD, MD**,††
*Division of Pediatric Clinical Pharmacology and Medical Toxicology, The Children's Mercy
Hospital, Kansas City, MO
†Department of Pediatrics, University of Missouri-Kansas City
‡Hospital Roberto del Rio, Santiago, Chile
§Arkansas Children's Hospital Research Center, Little Rock, AR
¶Merck Sharpe & Dohme Corp., Whitehouse Station, NJ
**Division of Pediatric Pharmacology and Critical Care, Rainbow Babies and Children's Hospital
††Department of Pediatrics and Pharmacology, Case Western Reserve University School of
Medicine, Cleveland, OH

Keywords
ertapenem; pediatric; pharmacokinetics; carbapenem

INTRODUCTION
Ertapenem (MK-0826, Invanz®) is one of the newest carbapenem antibiotics to be approved
for use in the United States and throughout the world. It differs structurally from imipenem
by the presence of a β-methyl substitution on carbon 1 of the core β-lactam structure and
from both imipenem and meropenem by the presence of a meta-substituted benzoic acid on
the functional group at position two.1,2 With these variations, ertapenem retains excellent
activity against the enterobacteriaceae, including extended-spectrum β-lactamase producers,
and demonstrates comparable activity against Gram positive and anaerobic organisms.3–6

However, ertapenem possesses diminished activity against the non-fermentative Gram
negative bacilli including Pseudomonas spp, Acinetobacter spp and Stenotrophomonas
maltophilia.4 These structural modifications confer improved stability to cleavage by
dehydropeptidase-I as compared with imipenem along with a markedly greater degree of
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protein binding and a longer half-life than either imipenem or meropenem which presents
the opportunity for less frequent dosing.

With its broad spectrum of activity and favorable pharmacokinetic profile, once-daily
administration of ertapenem is indicated for, and has been demonstrated effective in, the
management of complicated intra-abdominal infections, acute pelvic infections, urinary tract
infections, skin and skin structure infections, including diabetic foot infections without
osteomyelitis, and community acquired pneumonia. Ertapenem is also indicated for the
prophylaxis of surgical site infection following elective colorectal surgery. In controlled
adult clinical trials, ertapenem demonstrates efficacy comparable to that of ceftriaxone,
ceftriaxone + metronidazole and piperacillin/tazobactam.7–12 In pediatric patients,
ertapenem appears to possess comparable efficacy to ceftriaxone in the treatment of urinary
tact infections, skin and soft tissue infections and community acquired pneumonia.13,14 It
also demonstrates efficacy comparable to that of ticarcillin/clavulanate in the treatment of
pediatric intra-abdominal and pelvic infections.15,16 Notably, both pediatric investigations
employed twice daily dosing regimens in the ertapenem arm for children 12 years and
younger. This investigation was designed to evaluate the dose-exposure profile of ertapenem
at varying doses in children from infancy through adolescence.

METHODS
Study Design

The study was conducted as an open label, multi-center, parallel-group, single dose
evaluation of ertapenem pharmacokinetics in children 3 months to 17 years of age. Children
were enrolled in 3 age cohorts (3 to 23 months, 2 to 12 yr, 13 to 17 yr) and received a single
15 mg/kg, 20 mg/kg (maximum 1 gram) or 40 mg/kg (maximum 2 grams) dose of
ertapenem over one-half hour by intravenous infusion.

Subjects
Hospitalized children were eligible for enrollment if they were judged to be clinically stable,
were currently requiring antibiotic therapy and were within the 3rd and 97th percentile for
weight and height. Subjects were ineligible for enrollment if they met any of the following
criteria: (1) a history of seizures or central nervous system infection, (2) a known or
suspected CNS infection, (3) evidence of hemodynamic instability, (4) concurrent treatment
with ceftriaxone therapy as a twice-daily regimen (due to potential for interference), (5) a
history of significant drug or food allergies including intolerance or allergy to the β-lactam
antibiotics, (6) a history of psychiatric disorders, (7) a history of cystic fibrosis, (8) clinically
significant abnormalities on pre-study clinical examination or laboratory safety tests, (9)
concomitant illness or medications which might potentially affect the pharmacokinetics of
ertapenem (eg, highly protein bound drugs or drugs which compete for tubular secretion,
including but not limited to, probenecid, cefoperazone, itraconazole, phenytoin, valproic
acid, nafcillin) and (10) participation in the study of another investigational agent within 4
weeks of receiving ertapenem. Additionally, female subjects who had attained menarche
were required to have a negative serum pregnancy test prior to administration of the study
drug.

A medical history, physical examination, ECG and clinical laboratory tests (serum chemistry
panel, complete blood count and urinalysis) were performed in each subject before
enrollment and at completion of the study. The study protocol was approved by the
Investigational Review Boards of each participating institution and all subjects were
enrolled via informed parental permission and patient assent when appropriate (ie > 7 years
of age).
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Sample Collection
In children > 2 yr, venous blood samples (3.5 mL) for the determination of total and
unbound ertapenem concentrations were collected from an indwelling venous catheter into
sodium heparin containing tubes. Samples were collected immediately before the start of the
infusion and at 0.5, 1, 2, 4, 8, 12 and 24 hours after the end of the infusion. An additional 6
hr sample was drawn in children receiving a 15 mg/kg dose. Due to blood volume
restrictions, children < 2 yr were randomized to one of two sampling schemes. For the
quantification of free and total ertapenem in children under 2 years of age, blood samples
(3.5 mL) were collected at either 0.5 or 1 hr and at 12 hr after the infusion. In the remaining
children, only total ertapenem concentrations were determined and blood samples (1.25 mL)
were drawn at the post-dose intervals described above for the older children. Plasma was
separated by centrifugation (2000 g × 10 minutes at 4°C) within 1 hour of collection and
stored in polypropylene tubes at −70°C until analysis.

Analytic Procedures
For the determination of total ertapenem concentrations, plasma samples were thawed in a
room temperature water bath and vortexed. A 100-μL aliquot of plasma was combined with
an equal volume of 0.1 M 2-[N-Morpholino]ethanesulfonic acid (pH 3.5):ethylene glycol
(1:1), vortexed and centrifuged under refrigeration (5°C) at 3000 rpm for 5 minutes. The
supernatant was transferred into a glass autosampler vial, capped and placed in a
temperature-controlled autosampler rack maintained at 5°C until injection onto a high-
performance liquid chromatograph (HPLC) for analysis. Unbound ertapenem concentrations
were determined according to a previously published method.17

Samples were analyzed by reverse-phase HPLC with column switching. Samples (50 μL)
were injected onto a Maxil C18 extraction column (50 × 4.6mm, 10 μm, Phenomenex,
Torrence, CA) using a 25 mM sodium phosphate buffer (pH 6.5) mobile phase pumped at
1.5 mL/min. Analytes were flushed off of the extraction column onto a Hypersil C18
analytical column (100 × 4.6 mm, 5 μm, Keystone Scientific, Bellefonte, PA) with 10.5%
methanol in 25 mM sodium phosphate buffer (pH 6.5) delivered at a flow rate of 2.0 mL/
min. The eluate was monitored with UV detection at 300 nm.

A standard curve using the peak area of active compound was prepared daily and used to
calculate all plasma ertapenem concentrations. The analytic method demonstrated linearity
(with 1/y weighting, r2>0.99) at ertapenem concentrations ranging from 0.125 to 50 μg/mL
(total) and 0.25 to 100 μg/mL (unbound). Inter- and intra-day assay variability (CV) was less
than 10% for all standards in the range including lower limit of quantification (LLOQ).

Pharmacokinetic and Statistical Analysis
Plasma ertapenem concentration versus time data were evaluated using a model-independent
approach. The concentration at the end of the infusion (Ceoi) was obtained directly from the
plasma concentration vs. time profile. The area under the plasma concentration versus time
curve (AUC0-n) was determined using the mixed log-linear rule. Extrapolation of the AUC
to infinity (AUC0-∞) was calculated by summation of AUC0-n + Cn/λz, where Cn represents
the observed plasma concentration at the last quantifiable post-dose time point and λz is the
apparent terminal elimination rate constant calculated from a curve fit of the apparent
terminal elimination phase with 1/y weighting. Total body clearance (Cl) and steady-state
distribution volume (Vss) were calculated from the AUC0-∞.

Ertapenem pharmacokinetic indices were examined using standard descriptive statistics.
Univariate analysis of variance and nonlinear regression techniques were used to evaluate
the relationship between demographic variables and pharmacokinetic parameter estimates.
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The significance limit for all statistical analyses was set at α=0.05. Pharmacokinetic and
statistical analyses were conducted using WinNonlin Enterprise® Version 4.1 (Pharsight
Corporation, Mountain View, CA) and SPSS version 11.5 (SPSS, Chicago, IL).

RESULTS
Eighty-four patients (42 male, 42 female; 25 African-American, 36 Caucasian, 22 Hispanic,
1 multiracial) ranging in age from 3 months to 16 years and in weight from 6.1 to 82.6 kg
(31.1 ± 22.7 kg) were enrolled in this multicenter trial. The study participants were receiving
antibiotics for infections and/or conditions that included: lower respiratory tract infection
(n=23), skin/skin structure infection (n=15), upper respiratory tract infection (n=14),
pyelonephritis (n=8), appendicitis (n=4), central line infection (n=3), post-operative fever
(n=3), septic arthritis (n=2), fever with neutropenia (n=2), urinary tract infection (n=2) and
osteomyelitis, sepsis, gastrointestinal infection, endocarditis (n=1 each). The reason for
antibiotic use was unspecified in an additional four children.

Overall, a single parenteral dose of ertapenem was well tolerated in the study participants.
No child withdrew from the study as a consequence of adverse events and in only three
children were the adverse events (nausea n=2, infiltration at the injection site n=1)
considered to be related to study drug administration.

A complete pharmacokinetic profile was available in 70 study participants. In 13 children
partially evaluable pharmacokinetic data were available owing to incomplete sample
collection and/or problems that arose during sample processing. One additional child
withdrew from the study prior to administration of their ertapenem dose. The mean
ertapenem plasma concentration versus time profiles are illustrated in Figure 1 and the
pharmacokinetic indices are summarized in the Table. For ease of comparison, the data have
been segregated by the age cohorts determined at the time of enrollment.

In evaluating the relationship between ertapenem dosing arm (15 vs 20 vs 40 mg/kg) and
exposure, a significant positive association was observed for both Ceoi (108.3 ± 47.0 vs
144.2 ± 37.7 vs 221.9 ± 48.9 mg/L, P<0.01) and AUC0-∞ (273.9 ± 114.3 vs 406.7 ± 133.4
vs 762.8 ± 339.5 mg*hr/L, P<0.01) in the study population (Figure 2). When evaluated
along the continuum of actual administered dose (12.1–50.6 mg/kg), a significant linear
relationship between weight-normalized dose and Ceoi can be described (r2=0.46, P<0.01).
A weaker, albeit significant linear relationship was observed between weight-normalized
dose and AUC0-∞; however, the relationship was best fit to a nonlinear function (r2=0.40,
P<0.01) with AUC0-∞ disproportionately lower at higher doses. Introducing age into these
regression models resulted in a modest improvement for both Ceoi (r2=0.61, P<0.01) and
AUC0-∞ (r2=0.61, P<0.01) suggesting that the variability observed in the relationship
between dose and exposure can be accounted for, in part, by changes in biodisposition that
occur as a consequence of normal growth and development.

The exposure estimates observed in this investigation, whether single point determinations
of concentration or estimates of total body exposure, were lower in our pediatric population
as compared to adults for every milligram dose administered per kilogram body weight
(Table). This is addressed by exploring the influence of age on ertapenem biodisposition. A
weak, albeit significant, association between age and weight-corrected apparent volume of
distribution was evident (r2=0.10, P<0.01) with distribution volume decreasing with
increasing age. A corresponding association between age and dose-normalized Ceoi
(r2=0.16, P<0.01) was evident with a larger attainable Ceoi (per mg/kg dose administered)
noted with increasing age.

Abdel-Rahman et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



A modest relationship was observed for weight-corrected estimates of total body clearance
(r2=0.21, P<0.01) and half-life (r2=0.20, P<0.01) the former decreasing and the latter
increasing with increasing age. Consequently, a stronger association between age and dose-
normalized AUC0-∞ (r2=0.34, P<0.01) was observed as compared to Ceoi, with larger
estimates of AUC0-∞ achieved (per mg/kg dose administered) in older children.

A total of 154 paired observations for free and total ertapenem determined over the course of
the dosing interval were available from 37 children. There was a direct relationship between
plasma ertapenem concentration and the degree of protein binding observed in this study
with the percent of unbound drug in the circulation increasing with increasing total plasma
ertapenem concentration (r2=0.53, P<0.01). The addition of age into the regression model as
a covariate did not alter the relationship suggesting that normal growth and development,
after the age of 3 months, does not appear to influence the degree of protein binding
observed with ertapenem. Rather, the findings are likely explained by concentration
dependent protein binding. In fact, a strong nonlinear relationship between total and free
ertapenem concentrations was evident over the spectrum of ertapenem concentrations
observed in this study (P<0.01, Supplemental Digital Content 1,
http://links.lww.com/INF/A523).

Considering the relevant pharmacodynamic profile for the β-lactams, the probability that
total ertapenem concentration observed 12 hours after the end of a single infusion exceeded
a range of minimum inhibitory concentration (MIC) was projected for each age group
(Supplemental Digital Content 2, http://links.lww.com/INF/A524). As depicted in the figure,
both dose and age influenced the likelihood that concentrations at the end of a 12-hour
dosing interval exceeded the susceptibility breakpoint (≤ 2 μg/mL).18 Total ertapenem
concentrations remained well in excess of the susceptibility breakpoint in adolescents
receiving ≥20 mg/kg. Similarly, more than three-fourths of children less than the age of 2
years exceeded the susceptibility breakpoint, irrespective of dose. When treating pathogens
with MIC values approaching 2 μg/mL, children aged 2–12 years may require a minimum of
20 mg/kg to achieve adequate ertapenem concentrations over the entire dosing interval;
however, doses of 15 mg/kg appear suitable for susceptible organisms within one dilution of
the established breakpoint.

DISCUSSION
In contrast to the existing carbapenems which require multiple daily doses, ertapenem has
been demonstrated in adults to be effective with once-daily administration. The recent use of
twice daily dosing (15 mg/kg twice daily) in pediatric clinical trials for children less than 12
years of age was based on preliminary results from this investigation which was designed to
better understand the impact of ontogeny on ertapenem biodisposition.14,16 This study was
designed to assess the impact of development on the pharmacokinetics of ertapenem and to
define the dose-exposure profile of ertapenem in children at escalating doses.

The disposition of ertapenem following a 1 gram (~14 mg/kg) intravenous dose has been
relatively well characterized in adults.19 As with most β-lactams, ertapenem distribution
volume approximates extracellular fluid stores. Given the recognized developmental
differences in body water spaces,20 it is not unexpected to find that the volume of
distribution estimates observed in these children were larger than those reported in adults.
As a result, the maximum attainable concentrations at the end of the infusion were lower for
every mg/kg dose administered to children as compared with adults.

Similarly, with total plasma clearance of ertapenem principally restricted to glomerular
filtration and active tubular secretion, we would predict more rapid elimination in younger
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children as was observed in this investigation. Consequently, clearance is more rapid,
estimates of total body exposure (per mg/kg dose administered) are lower and the
concentrations observed at the end of a given dosing interval are lower in children as
compared with adults.

In murine thigh infection models, optimal ertapenem activity is observed against S.
pneumoniae and the enterobacteriaceae when free drug concentrations exceed the MIC for
approximately 30–40% of the dosing interval.21,22 Exploratory pharmacodynamic models
for evaluating predicted free drug concentrations in our population (data not shown)
suggests that children younger than 12 years require more frequent dosing to achieve
optimal efficacy when treating organisms with an MIC near the susceptibility breakpoint. In
contrast, the putative pharmacodynamic targets are readily achieved in children older than
12 years administered doses of 20 mg/kg or greater.

Conclusions
A single intravenous dose of ertapenem appears to be well tolerated in children 3 months to
17 years of age. However, it does not appear that weight-based dosing of ertapenem can be
administered to pediatric patients without regard for age. While doses of 20 to 40 mg/kg
administered once daily appear to be suitable for children older than 12 years, children 12
years and younger would appear to benefit from a more frequent dosing interval (eg 15 mg/
kg administered every 12 hours).
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FIGURE 1.
Ertapenem plasma concentration versus time data by age cohort. Dose levels are represented
by (■) 15 mg/kg, (•) 20 mg/kg and (▲) 40 mg/kg.
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FIGURE 2.
Box plots representing the median and quartiles for Ceoi and AUC0-∞ by dosing arm.
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TABLE

Ertapenem pharmacokinetic parameters following a single intravenous dose.

Parameter <2 years (n=41) 2 to 12 years (n=28) >12 years (n=11) Adulta (n=67)

Age (yr) 1.0 ± 0.6 6.7 ± 3.4 14.3 ± 0.9 NR

Dose (mg) 241 ± 132 663 ± 442 1331 ± 519 1000

Dose (mg/kg) 25.56 ± 11.49 26.12 ± 10.98 24.58 ± 8.34 14.3

Ceoi (mg/L) 135.2 ± 51.8b 173.1 ± 68.3c 212.0 ± 57.4d 161.5 (145.6–175.3)

Ceoi (mg/L per mg/kg dose) 6.1 ± 2.2b 6.9 ± 2.4c 8.7 ± 1.9d 11.3 (10.2–12.3)

AUC0-∞ (mg*hr/L) 385.8 ± 175.2e 469.8 ± 246.8c 861.3 ± 478.2d 600.6 (572.1–627.3)

AUC0-∞ (mg*hr/L per mg/kg dose) 17.0 ± 5.4e 18.4 ± 8.0c 34.7 ± 14.7d 42.0 (40.0–43.9)

C6 (mg/L) 13.8 ± 4.0f 11.7 ± 10.0g NP NR

C6 (mg/L per mg/kg dose) 0.9 ± 0.3f 0.8 ± 0.6g NP NR

C12 (mg/L) 3.8 ± 3.0h 5.5 ± 4.2c 10.6 ± 8.2 10.2 (9.3–11.3)

C12 (mg/L per mg/kg dose) 0.2 ± 0.1h 0.2 ± 0.2c 0.4 ± 0.2 0.7 (0.7–0.8)

CL (mL/min/kg) 1.02 ± 0.27e 1.02 ± 0.35c 0.64 ± 0.16d 0.41 (0.38–0.42)

Vss (L/kg) 0.21 ± 0.05e 0.21 ± 0.06c 0.17 ± 0.02d 0.14 (0.13–0.15)

t½ (hr) 2.9 ± 0.7j 3.0 ± 0.9 4.0 ± 0.8 4.0 (3.8–4.4)

λz (1/hr) 0.262 ± 0.094j 0.254 ± 0.092 0.182 ± 0.037 0.176 (0.158–0.182)

NR- not reported

NP- not performed

a
Data are represented as the weighted pooled average (range) for the individual studies reported by Majumdar et al.[17] Weight corrected estimates

assume an average adult weight of 70 kg

b
n=40

c
n=27

d
n=10

e
n=33

f
n=11

g
n=8

h
n=39

j
n=34
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