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OBJECTIVES

Literature Search – Medline and
OVID
(1946-May 2017)
Terms:
AND “pharmacokinetic”,
“pharmacokinetics”, “meropenem”,
“humans” PLUS “burn” AND
“burns”, OR “healthy”
578 Citations
Identified
27 Abstract Citations Reviewed
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BACKGROUND
• Multi-drug resistant infections (MDR-Is) caused by gram negative
bacteria such as Acinetobacter spp., Pseudomonas spp. and
Klebsiella spp. with elevated MIC are increasingly common worldwide
• Burn patients are at risk of infections caused by these bacteria
• Increased renal and hepatic blood flow, and increased vascular
permeability occur in acute burn injury
• These physiological changes may affect drug disposition (Volume of
Distribution (V) and Clearance (Cl))
• Optimal dosing for several antibiotics in burn injury patients is
unknown
• Monte Carlo Simulation (MCS) is a recognized method for assessing
the likelihood of success with a multitude of antibiotic dosing options
• Using published pharmacokinetic data with the associated variability
for the data, MCS can rapidly generate probability distributions for a
series of different antibiotic dosing regimens to determine the
likelihood of attaining desired pharmacokinetic / pharmacodynamic
(PK/PD) targets with any given dose in a simulation mimicking a
selected sample size of patients (e.g. 1 million patients)
• Meropenem is commonly required to treat MDR-Is in burn patients
• Like other β-lactams, meropenem has time-dependent bactericidal
killing, where the % of time that the drug concentration remains above
the bacterial minimum inhibitory concentration (MIC) (T>MIC)
correlates with microbiological and clinical cure, once the drug
concentration is 3-5 times above the MIC
• Currently, accepted targets for %T>MIC for carbapenems ranges from
40% to ≥ 75%; >30% for non-resistant organisms, >50% for
intermediately resistant, and >80% for highly resistant organisms
• Studies comparing PK/PD target attainment with different dosing
regimens of continuous and intermittent infusion meropenem in burn
patients are lacking
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Table 2 : Lowest Potential Peak and Trough Steady State Concentrations
(Lowest values with a given dosing regimen using highest k (mean +2SD) and highest V (mean +2SD) with First Order Pharmacokinetics)
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Included (11):
Studies Reporting Pharmacokinetic
Data with Variability (e.g. Standard
Deviation [SD]) were included:
8 – healthy volunteers (N=88)
3 – burn patients (N=74)
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• Relevant study characteristics and pharmacokinetic data with
variability (e.g Standard Deviation [SD]) were abstracted from eligible
studies into Microsoft Excel 2010 Workbook
• Weighted means ± SD for each pharmacokinetic parameter were
determined
• Monte Carlo Simulations (Crystal Ball v11.1.2.4.000, 1 million
patients) were completed for several intermittent and continuous
infusion meropenem dosing regimens to generate probability
distributions for %T>MIC (to determine probability of target
attainment [PTA]) and # times the concentration was above the MIC
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Figure 1a, 1b : Probability of target attainment
relative to MIC (Target %T>MIC is ≥80%) (red line =
90% probability that %T>MIC is ≥80%)

RESULTS
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Figure 2a, 2b : Probability the Steady State
Continuous Intravenous Concentration is
5 times above the MIC
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Figure 3a, 3b : Probability of target attainment using
2g q8h dosing (Target T>MIC ≥30%, 50%, or 80%)
NV = normal volunteers; BP = burn patients

DISCUSSION

Parameter

Normal Volunteers
N=88

Burn patients
N= 74

Dosing Regimen

500mg iv q8h

1000mg IV q8h

Peak concentration
(Cmax) mg/L

28.49 +/- 4.75

28.4+/- 16.1

Trough concentration 0.1
(Cmin) mg/L

2.8

Elimination rate
constant (k) h-1

1.00 +/- 0.336

0.42+/- 0.1

Half-life (t1/2) h

0.69

1.64

Volume of
Distribution (V) L

16.11 +/-3.99

29.32 11.93

Clearance (CL)
L/h

15.88 +/- 6.44

14.5 +/- 2.82

• The weighted mean pharmacokinetics in burn patients and normal volunteers are different; with burn patients having a longer calculated meropenem half-life as a
result of a higher volume of distribution than normal volunteers. As a result, the PTA was different in burn patients versus normal volunteers for any given dosing
regimen.
• Study results support the use of extended infusion dosing 2g q8h IV or 1g q4h IV in burn patients having at least a 90% probability of %T>MIC of ≥80% up to an
MIC of 4mg/L
• When comparing continuous infusions, the probability the Css was 5 times above the MIC was better in burn patients than in normal volunteers at all data points,
likely due to the longer meropenem half-life in burn patients (figure 2a, 2b)
Limitations:
• While this study used the largest available dataset of meropenem PK values in burn patients, the sample size was nonetheless small (n=74), and quite varied
(average V=29.32 ±11.93)
• There was wide interpatient variability in size and severity of burns among the studies from which the data were drawn, which may have increased the weighted
mean pharmacokinetic variability
• Meropenem’s stability concerns have the potential to impact on inpatient or outpatient implementation of meropenem continuous infusion
Future steps:
• The results of this study may be used to conduct a pharmacokinetic study of meropenem use in burn patients at SHSC and serve as a guide for dosing decisions
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Conclusion
In burn patients with resistant GNB up to an MIC of 4mg/L, the optimal PTA is
achieved with continuous infusion meropenem of 1g IV q4h or 2g IV q8h.
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Results
Compared to HS, burn patients had an increased meropenem volume of distribution
(V), a decreased elimination rate constant (k), and a comparable clearance (Cl). PTA
in burn patients was different than in HS with different meropenem dosing regimens
due to differences in V and k between these patient populations. At higher MICs, CIV
regimens had a better PTA than IIV in HS and burn patients. Both meropenem CIV
1g IV q4h and 2g IV q8h provided optimal PTA with a high MIC of up to 4mg/L.

2000mg IIV
q8h

PROBABILITY (%)

Methods
Weighted mean pharmacokinetic parameters for meropenem in burn patients and
healthy volunteers were determined from the published literature. Monte Carlo
simulations (MCS) with 1,000,000 iterations were completed to determine the
probability of target attainment (PTA) for several intermittent infusion (IIV) and
continuous infusion (CIV) meropenem dosing regimens using weighted mean
pharmacokinetic parameters and MICs ranging from 0.5 to 32 mg/L for burn patients
and healthy subjects (HS). PK-PD targets evaluated were % time above MIC
(%T>MIC) of at least 30%, 50% and 80%.
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Meropenem Dosing Regimen

PROBABILITY (%)

Objectives
The objective of this study was to identify optimal dosing of meropenem in burn
patients using pharmacokinetic and pharmacodynamic (PK-PD) targets for
meropenem against bacteria with an elevated minimum inhibitory concentration
(MIC).

• To identify optimal dosing of meropenem in burn patients using
pharmacokinetic and pharmacodynamic (PK-PD) targets for
meropenem against bacteria with an elevated minimum
inhibitory concentration (MIC).

PROBABILITY (%)

Background
The worldwide increased prevalence of gram negative bacterial (GNB) resistance
coupled with few therapeutically appropriate available antibiotics (TAAAs)
necessitates evaluation of dosing strategies to optimize the use of TAAAs against
more resistant pathogens. Burn patients are a unique population, having altered
pharmacokinetics for many antibiotics and high risk of infection with resistant GNB,
resulting in increased complexity in their care.

RESULTS
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APPENDIX
Meropenem
MIC (μg/ml)
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Table 1: MICs of Acinetobacter at Sunnybrook (July 1 2015- July 31 2017)
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