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f-Lactam antibiotics are used for the treatment of various infections such as intra-abdominal infections and bac-
terial meningitis. f-Lactams act at the infection site and their antibacterial effects relate to the exposure time during
which the drug concentrations remain above the minimum inhibitory concentration for bacteria (T >MIC). The
penetration into and exposure of f-lactams at the target sites, such as the abdominal cavity and the cerebrospinal space,
are therefore considered to be good indicators of their efficacies. However, earlier clinical research has focused primary
on the drug concentrations in plasma. We therefore examined the pharmacokinetics-pharmacodynamics of S-lactams at
the target sites, and analyzed them using a population pharmacokinetic modeling and statistical technique called Monte
Carlo simulation. This review summarizes our recent findings on carbapenem and cephem antibiotics in peritoneal and
cerebrospinal fluids, and our new approaches to personalize and optimize -lactam dosing regimens based on their site-

specific pharmacokinetic-pharmacodynamic profiles.
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Fig. 1. Time above MIC (T>MIC) as Pharmacokinetic and
Pharmacodynamic Parameter for f-lactams
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Fig. 2. Three-compartment Pharmacokinetic Model for Plas-
ma (C;) and Peritoneal Fluid (C;) Drug Concentration
Data

CL: clearance from the central compartment, Q2 and Q3: inter-compar-
tmental clearances, V1, V2 and V3: volumes of distribution of the central,
peripheral and peritoneal compartments.
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Schematic Diagram of Monte Carlo Simulation to Predict (i) Probability of Target Attainment in Peritoneal Fluid at a
Specific MIC and (ii) Expected Probability of Target Attainment in Peritoneal Fluid against a Specific Bacterial Population
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Observed Concentrations in Plasma and Peritoneal Fluid for (A) Meropenem (n=8 at 0.5 g/0.5 h) and (B) Biapenem (n=
10 at 0.3 g/0.5 h)

The simulation curves for biapenem are illustrated using the mean fixed-effects parameters in the case of creatinine clearance of 90 ml/min.
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Fig. 5. Probabilities of Attaining (A) Bacteriostatic 20% T >MIC and (B) Bactericidal 40% T >MIC in Peritoneal Fluid at a

Specific MIC for Meropenem Regimens

Table 1.

Site-specific (bacteriostatic/bactericidal) Breakpoints for the Minimum Approved Dosage, Maxi-
mum Approved Dosage and Unconventional Regimen

Drug Regimen

Site-specific Breakpoint (ug/ml)

Bacteriostatic Bactericidal
Meropenem
Minimal 0.25 g/0.5 h q12h 2 0.5
Maximal 1 g/0.5h q12h 8
Unconventional (1 g/2h, 0.5g/1h, 0.5g/1h) q8h 8
Imipenem
Minimal 0.25 g/0.5 h q12h 2 0.5
Maximal 1 g/0.5 h q12h 8 2
Unconventional (1 g/2h, 0.5g/1h, 0.5g/1h) q8h 8 4
Doripenem
Minimal 0.25 g/0.5 h q12h 0.5
Maximal 0.5 g/0.5 h q8h 2
Unconventional (1 g/2h, 0.25¢g/1h, 0.25g/1h) q8h 2

Bacteriostatic/bactericidal breakpoint: the highest MIC value at which the probability of attaining the bacteriostatic/bactericidal
target (20%/40% T>MIC) in peritoneal fluid was > 80%, q12h: every 12 h, q8h: every 8 h.
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ffTdh->h [Fig. 4B)], RHEMEMBREMT D
wER U752 Z (CL) WU LVYF=rU7
Z > A (CLer) IZHkFL27=8% [CL(1/h)=0.036
X CLcr (ml/min) +4.88], 12 BEF DB LI L > T
BEREAL T LA 7 ARA > SRS 2 EAVREI N

Table 2. Site-specific Bactericidal Breakpoints for Biapenem
Regimens in Peritoneal Fluid of Patient Populations with
Various Degrees of Serum Creatinine Clearance (CLcr)

Site-specific Bactericidal Breakpoint
(ug/ml)

CLcr= CLcr= CLcr=
120 ml/min 90 ml/min 60 ml/min

Biapenem Regimen
(0.5-h infusion)

0.3 g ql2h 1 2 2
0.3 g q8h 2 4 4
0.6 g q12h 2 4 4
0.6 g q8h 4 8 8

The mean fixed-effects parameters for biapenem were CL (1/h) =0.036
X CLer (ml/min) +4.88, V1 (1) =6.95, Q2 (1/h) =2.05, V2 (1) =3.47, Q3
(1/h) =13.7 and V3 (1) =5.91.

(Table 2).
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Observed Concentrations in Plasma and Cerebrospinal Fluid, and Simulation Curves Using Each Mean Fixed-effects

Parameters for (A) Meropenem (n=6 at 0.5 g/0.5h) and (B) Biapenem (n=5 at 0.3 g/1h)
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Table 3.

Expected Population Probabilities of Attaining the Bactericidal Target (100% T >MIC) in

Cerebrospinal Fluid against Streptococcus pneumoniae, Neisseria meningitidis, Escherichia coli and
Pseudomonas aeruginosa Isolates Using Different Drug Regimens

Drug Regimen

Expected Population Probability of Attaining the Bactericidal target (%)

(0.5-h infusion)

S. pneumoniae N. meningitidis E. coli P. aeruginosa
Meropenem
0.5g q8h 87.3 99.9 96.0 47.9
1gq8h 94.2 99.9 96.8 61.2
2gq8h 97.6 99.9 98.0 71.0
Biapenem
0.3gq8h 76.9 99.3 95.4 11.4
0.6 g q8h 90.4 99.9 98.6 30.5
0.9¢g q8h 95.2 99.9 99.4 43.4
152 & T, BN TEEHEEEOHREDEERE 7) Zhanel G. G., Wiebe R., Dilay L., Thomson
BICPBWTEHINDZZE2HIELTNWS, K., Rubinstein E., Hoban D. J., Noreddin A.
M., Karlowsky J. A., Drugs, 67, 1027-1052
saiTe S lom g (2007) .
R ARBRSEIRUL B A AR B R R
R A e Wi‘fkbgf o ;’ 8) Ikawa K., Morikawa N., Ikeda K., Ohge H.,
ARBAREDIR AR TITONID ’ Sueda T., J. Infect. Chemother., 14, 330332
AEZELXT. £k, MmEENR BEZEILD, 9) Ikawa K., Morikawa N., Ikeda K., Ohge H.,
[RIWFFE = DIEFE A R O 2 D ERRITE < B\ 7= Sueda T., J. Infect. Chemother., 14, 141-146
LET. S5ig, RS TH B ILERKFmbEY (2008) .
{I:%%’}’Fﬂ&@\ﬁiﬁ?ﬂﬂﬁ’%ﬂﬂ@?ﬁﬁzﬁt}% < %*LEF' L FE 10) Ikawa K., Morikawa N., Sakamoto K., Ikeda
T K., Ohge H., Takesue Y., Sueda T.,
’ Chemotherapy, 54, 131-139 (2008) .
REFERENCES 11) Ikawa K., Morikawa N., Ikeda K., Ohge H.,
Sueda T., Diagn. Microbiol. Infect. Dis., 62,

1) Craig W. A., Clin. Infect. Dis., 26, 1-10 292-297 (2008).

(1998). 12) Ikawa K., Morikawa N., Ikeda K., Ohge H.,

2) Turnidge J. D., Clin. Infect. Dis., 27, 10-22 Sueda T., Int. J. Antimicrob. Agents, 32, 339—
(1998) . 343 (2008).

3) Ikeda K., Ikawa K., Ikeda A., Nishikawa Y., 13) Ikawa K., Morikawa N., Fukuhara K.,
Morikawa N., J. Chromatogr. B Analyt. Hayato S., Ikeda K., Soga Y., Ohge H., Sueda
Technol. Biomed. Life Sci., 844, 148-152 T., J. Chemother., 20, 319-323 (2008) .
(2006) . 14) Ikawa K., Morikawa N., Hayato S., Ikeda K.,

4) Ikeda K., Ikawa K., Morikawa N., Miki M., Ohge H., Sueda T., Int. J. Antimicrob. A-
Nishimura S., Kobayashi M., J. Chromatogr. gents, 30, 270-273 (2007).

B Analyt. Technol. Biomed. Life Sci., 856, 15) Ikawa K., Morikawa N., Matsuda S., Ikeda
371-375 (2007). K., Ohge H., Sueda T., Int. J. Antimicrob. A-

5) Ikeda K., Morikawa N., Kuribayashi M., Ika- gents, 30, 352-355 (2007).
wa K., Nomura K., Taniwaki M., J. Pharm. 16) Ikawa K., Morikawa N., Ikeda K., Tsumura
Biomed. Anal., 45, 811-816 (2007). R., Shibukawa M., Iida K., Kurisu K., Int. J.

6) Ikeda K., Ikawa K., Morikawa N., Kameda Antimicrob. Agents, 32, 96-98 (2008) .

K., Urakawa N., Ohge H., Sueda T., J. Chro- 17) Ikawa K., Morikawa N., Ikeda K., Katagiri

matogr. B Analyt. Technol. Biomed. Life Sci.,
867, 20-25 (2008) .

M., Kiya K., Isobe N., Mizoue T., Kondo H.,
Takano M., Int. J. Antimicrob. Agents



No. 7 827

(2009). (in press) doi:10.1016/j.ijantimi- wa Y., Ikeda K., Jpn. J. Pharm. Health Care
cag.2009.02.001 Sci., 32, 622-628 (2006) .

18) Lutsar I., McCracken G. H. Jr., Friedland 1. 20) Morikawa N., Kurihara N., Ikawa K., Ikeda
R., Clin. Infect. Dis., 27, 1117-1127 (1998). K., Jpn. J. Ther. Drug Monit., 24, S105-S105

19) Ikawa K., Morikawa N., Hayato S., Nishika- (2007) .



