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ABSTRACT

Meropenem (MEPM) is a carbapenem antimicrobial used for the treatment of pneumonia. Our
previous study revealed that there are no differences on the therapeutic effects of MEPM (0.5 g)
between the treatment of twice daily and three-times daily for the elderly pneumonia
patients(>75 years old). However, it is unclear what factor significant are for the elderly
pneumonia patients.In this study, the MEPM concentration in the blood was simulated by
pharmacokinetics/pharmacodynamics (PK/PD)theory, we estimated the effective number of
MEPM administration, and then we evaluated the therapeutic effects. Two elderly patients, who
are diagnosed moderate pneumonia patients in our hospital were simulated using the factors, age,
sex, body weight and serum creatinine values. It was expected to be effective by the PK/PD-
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based simulation; MEPM treatment twice daily in one case, and three-times daily in other case.
Actually, both administrations improved the body temperature, white blood cell and C-reactive
protein (CRP), indicating that appropriate treatment of MEPM may prevent the worsening of
symptom. These results suggest that it would be very significant to treat the pneumonia patients
carefully by considering renal function and conducting the simulations of antimicrobial drugs
based on the PK-PD theory.
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Introduction

Meropenem (MEPM) is a carbapenem antimicrobial widely used for the treatment of
infections caused by gram-positive and gram-negative bacteria except for methicillin-resistant
Staphylococcus aureus, or MRSA (Wakisaka et al., 2015; Hamada et al., 2015). The dosage and
frequency of MEPM (0.5 to 1.0 g in 2 to 3 times) recommended for pneumonia patients
(Guidelines for the Management of Community Acquired Pneumonia in Adults(2010);
Guidelines for Pneumonia in Adults(2017)) already have sufficient therapeutic effects in clinical
practice. MEPM is currently administered to elderly pneumonia patients at the same dosage and
frequency, but routinely administering MEPM regardless of the age-related decline in kidney
function sometimes gives doses higher than necessary for those elderly patients. Therefore,
when giving MEPM, we need to consider a more carefully designed dosage regimen taken into
account not only kidney function but also the minimum inhibitory concentrations (MICs)
determined for pathogenic bacteria, as well as patient information including age and body
weight, in order to avoid its excessive dosing (Tanigawara, 2003).

According to our latest report on the dosing frequency of MEPM (0.5 g) and its effects in
elderly pneumonia patients, the comparison between twice and three-times daily administration
in each indicator: body temperature, C-reactive protein (CRP) levels and white blood cell (WBC)
count 3-5 days after the first dose, showed no significant difference in therapeutic effects of
MEPM (Aimiya et al., 2018). We also found that even the twice daily administration can
potentially have the therapeutic effects in many cases. It is, however, not clear yet under what
circumstances the twice daily administration works effectively. If we understand which
indicator is used to determine dosing frequency, this will lead to the proper use of antimicrobial
and help alleviate the physical and mental burden in elderly patients, which may contribute
towards more efficient drug therapy. The first dose of MEPM, in particular, is a key point that
helps prevent worsening of the symptoms associated with infections and decrease symptoms.

We computed the duration of the first-dose efficacy of MEPM based on laboratory test
results obtained prior to the first dose of MEPM in elderly pneumonia patients who signed the
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informed consent form. A comparison was made between effective dosing frequency obtained
from the simulation and actual efficacy of MEPM.

Materials and Methods

1. Patients

Of patients aged 75 and over who had been admitted to the National Hospital Organization
Kanazawa Medical Center between July 1 and September 30, 2016, two elderly pneumonia
patients whose diagnosis had been made based on patient's background (shown in Figure 1),
underlying disorders, physical findings, examinations and chest X-ray images (Sakamoto et al.,
2010; Ishihara et al., 2012) and who had been judged preferable to MEPM administration
participated in this study.

2. Efficacy assessment by Monte Carlo simulation analysis based on
pharmacokinetic/pharmacodynamics (PK/PD) theory and the first dose of MEPM

Among bacteria isolated from patients with community acquired pneumonia (Saito et al.,
1999)in our medical center, Pseudomonas aeruginosa (MIC = 8 ug/mL; Yamaguchi et al., 2014)
highly resistant to MEPM was used for the simulation analysis. The application of PK/PD
modeling to MEPM (Omegamon™ ver.3; Pharmacist Support Ltd., provided by Professor
NorifumiMorikawa at Hiroshima University) was used to analyze twice or three-times daily
administration of 0.5 g MEPM with respect to each of the following patient information: age,
sex, body weight and serum creatinine levels. Duration was computed when the T>MIC
exceeded 40% because bactericidal effects of carbapenem antimicrobials could be expected at a
T>MIC of 40% or higher (Higuchi et al., 2007; Drusano, 2003). Therapeutic assessment for the
first dose of MEPM was performed regarding body temperature, WBC count and CRP levels
obtained prior to MEPM administration and 4 days after MEPM administration. A-DROP in
Guidelines for the Management of Community Acquired Pneumonia in Adultswas used for
therapeutic assessment (Saito et al., 1999). This study was approved by an ethics committee of
the National Hospital Organization Kanazawa Medical Center prior to commencement (#2017-
No.73).

Results
Efficacy determination by simulation and the first dose of MEPM

Case 1: According to the simulation results of the 90-year-old woman (body weight: 27.4
kg, serum creatinine level: 0.46 mg/dL), twice and three-times daily administration achieved a
29% T>MIC and a 44% T>MIC, respectively. Three-times daily dosing was therefore given to
the patient. Her laboratory test results obtained 4 days after MEPM administration (body
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temperature: 36.9°C, WBC count: 4200 cells/uL, CRP level: 1.2 mg/dL) improved compared to
those obtained prior to MEPM administration (body temperature: 37.0°C, WBC count: 7900
cells/uL, CRP level: 4.3 mg/dL).

Case 2: According to the simulation results of the 82-year-old man (body weight: 55.7 kg,
serum creatinine level: 1.59 mg/dL), twice and three-times daily administration achieved a 40%
T>MIC and a 63% T>MIC, respectively. Twice daily dosing was therefore given to the patient.
His laboratory test results obtained 4 days after MEPM administration (body temperature:
36.6°C, WBC count: 5500 cells/uL, CRP level: 1.1 mg/dL) improved compared to those
obtained prior to MEPM administration (body temperature: 36.9°C, WBC count: 7300 cells/uL,
CRP level: 4.1 mg/dL).

According to the assessment using A-DROP, both cases showed the moderate level of
pneumonia in both prior to MEPM administration and 4 days after MEPM administration.

Discussion

The main cause of pneumonia is inflammation due to bacterial infection and the only
fundamental solution is drug therapy with antibiotic use. Among antibacterial drugs, MEPM has
a wide antibacterial spectrum ranging from gram positive bacteria to gram negative bacteria and
anaerobic bacteria, and it is also used for severely ill patients with reduced immune function
(Wakisaka et al., 2015; Hamada et al., 2015). It is recognized that antimicrobial therapy based on
the Pharmacokinetics/ Pharmacodynamics (PK-PD) theory leads the appropriatetherapy for the
infection and suppresses the expression of drug-resistant microbials.  Additionally, it is
suggested that the simulation based on PK-PD theory is very useful when the carbapenem
antimicrobials are used (Mikamo et al., 2007). Therefore, in this study, the MEPM concentration
in the blood was simulated by PK-PD application, we estimated the effective number of MEPM
administration, and then we evaluated the therapeutic effects.

In our hospital, Pseudomonas aeruginosa is sometimes detected with MEPM-resistant
bacteria from the community-acquired pneumonia patients.The MIC against Pseudomonas
aeruginosa(8 [Ig/mL) is the highestamong those against 4 bacteria (S. pneumoniae, K.
pneumoniae, H. influenzaand P.stuartii; MIC = 1.0CJg/mL)which are detected there, therefore we
simulated MEPM concentration curve using the MIC = 81g/mL (Yamaguchi et al., 2014). It was
estimated that the MEPM regimens of three-times daily in the Case 1, and twice daily in the Case
2 are effective, and actually administered to the two patients. As results, both administrations
improved all of the body temperature, WBC and CRP, suggesting that appropriate treatment of
MEPM may prevent the worsening of symptom. There were also no obvious adverse effects of
MEPM regarding hepatic and renal functions, at least.
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The initial administration of MEPM is a very important process to prevent severity of the
symptom for the elderly pneumonia patients.Pharmacokinetics of MEPM is influenced mainly by
renal function (Tanigawara, 2003). Therefore, the renal excretion of MEPM will be considered
to be delayed due to decreased renal function with aging.Here the most significant factor may be
the serum creatinine level in the patient information of this simulation study.

Conclusion

It would be very significant to treat the pneumonia patients carefully by considering the
presumptive causative bacteria of pneumonia from individual patients and conducting the
simulations of antimicrobial drugs based on the PK-PD theory, whereas further additional studies
are needed.
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Figure 1. Simulation of meropenem treatment in two elderly pneumonia patients. Actually,

meropenem was administered 3 times daily in Case 1 and 2 times daily in Case 2.
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