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AUC0–∞: Area under the concentration-time curve from 0 to infinity 0 ∞ -

 

CI: Confidence interval  

CL: Total clearance  

CLcr: Creatinine clearance  

CWRES: Conditional weighted residual  

DV: Dependent variable  

fT > MIC: Time above minimum inhibitory free concentration 

(% of 24h) 

HPLC: High performance liquid chromatography  

IPRED: Individual prediction  

KPlung: Lung tissue/ plasma (serum) partition coefficient / ( )  

KPprostate: Prostate tissue/ plasma partition coefficient /  

MIC: Minimum inhibitory concentration  

MIC50: Minimum inhibitory concentration that inhibited the growth of 50% of the strains 

50%  

MIC90: Minimum inhibitory concentration that inhibited the growth of 90% of the strains 

90%  

NONMEM: Nonliner mixed effect model  

OBJ: Objective function  

PD: Pharmacodynamics  

PK: Pharmacokinetics  

PK/PD: Pharmacokinetics/pharmacodynamics /  

PRED: Population prediction  
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Q: Central-peripheral intercompartmental clearance -  

Qlung: Lung plasma flow  

Qprostate: Prostatic plasma flow  

Rinf: Rate of infusion  

T > MIC: Time above minimum inhibitory concentration 

(% of 24h) 

Vcentral: Volumes of distribution of the central compartment  

Vlung: Volumes of distribution of the lung  

Vperipheral: Volumes of distribution of the peripheral compartment  

Vprostate: Volumes of distribution of the prostate  
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44 ( - 1.5 g 22 -

3.0 g 22 ) Table 2  

 

TTable 2  

 Ampicillin--sulbactam  
1.5 g (n = 22)  

Ampicillin--sulbactam  
3.0 g (n = 22)  

Age (years)  71.4 ± 6.1 73.2 ± 5.2 
Body weight (kg)  62.1 ± 9.0 59.7 ± 10.2 
Body mass index (kg/m22)  23.0 ± 3.1 22.8 ± 3.2 
Blood urea nitrogen (mg/dL)  15.9 ± 3.7 15.5 ± 4.6 
Serum creatinine (mg/dL)  0.86 ± 0.25 0.86 ± 0.23 
Creatinine clearance (mL/min)  73.3 ± 21.3 68.9 ± 23.2 
Total bilirubin (mg/dL)  0.70 ± 0.26 0.68 ± 0.20 
Alanine aminotransferase (U/L)  26.4 ± 18.5 21.3 ± 7.0 
Aspartate aminotransferase ((U/L) 26.9 ± 12.9 21.2 ± 7.2 

Mean ± S.D.   
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Table 3 - 1.5g

Cmax 72.6 μg/mL 36.5 

μg/mL 22.8 μg/g 12.4 μg/g

AUC0–∞ 102.6 μg h/mL 56.6 μg h /mL

32.9 μg h/g 21.7 μg h/g

- 3.0g Cmax

155.0 μg/mL 62.9 μg/mL

44.2 μg/g 20.9 μg/g AUC0–∞

208.2 μg h/mL 96.7 μg h/mL 65.3 

μg h/g 30.1 μg h/g Cmax

AUC0–∞

/ - 1.5g

Cmax 0.33 0.37 AUC0–∞ 0.43

0.42 - 3.0g

Cmax 0.29 0.34 AUC0–∞ 0.35

0.35 AUC0–∞ /

0.35-0.43 /

2.0  
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( 219 109

) (Figure 4)

Table 4 CLcr CL

OBJ CLcr CL

KPprostate = 0.37 Qprostate= 0.311 L/h59) Vprostate= 0.05 

kg60)

95%

(Figure 6)

Figure 7
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90 90% )
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TTable 4  

 

CL (L/h) Vcentral Vperipheral

(L) Q (L/h) KPprostate / Qprostate

(L/h) Vprostate (kg) 
CI RSE θ η ε  
a 44 CLcr (mL/min)  

 

Parameter  Ampicillin  Sulbactam  
 Estimate (RSE) 95%CI Estimate (RSE) 95%CI 
Fix effects parameter  
CL (L/h) = θθCL ×× (CLcr//68.3a)θCLcr on CL 

θCCL(L/h)  11.03 (5.1) 9.76 - 11.89 10.50 (5.0) 9.29 - 10.97 
θCCLcr on CL  0.831 (14.1) 0.319 - 1.10 0.774 (18.6) 0.389 - 0.997 

Vccentral (L) = θθVcentral  7.80 (5.9) 7.31 - 10.19 8.96 (9.6) 7.27 - 10.65 
Q (L/h) = θθQ  7.07 (14.3) 4.23 - 13.04 7.29 (21.4) 3.82 - 10.35 
Vpperipheral (L) = θθVperipheral  3.98 (12.3) 3.17 - 5.40 4.93 (13.4) 3.64 - 6.67 
KPpprostate == θKKPprostate 0.37 Fixed  None 0.37 Fixed  None 
Qpprostate(L/h) = θθQprostate  0.311 Fixed  None 0.311 Fixed  None 
Vpprostate(kg) = θθVprostate  0.05 Fixed  None 0.05 Fixed  None 
Interindividual variability (exponential error model)  

ηCCL 0.0985 (26.1) 0.0532 - 0.144 0.0626 (26.8) 0.0346 - 0.103 
ηVVcentral 0.160 (21.3) 0.113 - 0.281 0.147 (27.5) 0.0891 - 0.191 
ηQQ 0.588 (44.2) 0.105 - 1.57 0.399 (48.4) 0.0286 - 0.991 
ηVVperipheral 0.298 (37.2) 0.0208 - 0.621 0.177 (37.9) 0.0455 - 0.309 
ηKKPprostate 0.147 (28.8) 0.0719 - 0.237 0.0807 (28.6) 0.0445 - 0.134 
ηQQprostate 0.592 (60.6) 0.300 - 0.932 0.511 (20.4) 0.182 - 1.28 
ηVVprostate 0.592 (15.7) 0.301 - 0.932 0.511 (57.9) 0.182 - 1.28 

Residual variability (additive error model)  
Ε  2.70 (26.2) 2.36 - 4.86 1.22 (38.8) 0.948 - 2.11 
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PK/PD -

 

-

MIC (Figure 8)

-MIC

PK/PD

PK/PD

PK/PD Table 5 30% T > MIC PK/PD

CLcr 60 mL/min PK/PD

1.5 g( - )1 2 0.25 μg/mL 3.0 g

1 2 0.5 μg/mL 1.5 g1 3 1 μg/mL 3.0 g1 3 1.5 g

1 4 2 μg/mL 3.0 g1 4 4 μg/mL 50% 

T > MIC PK/PD CLcr 60 mL/min

PK/PD 1.5 g1 3 0.25 μg/mL 3.0 g1 3

1.5 g1 4 0.5 μg/mL 3.0 g1 4 1 μg/mL

1 PK/PD

 

Table 6 E. coli Klebsiella Proteus E. faecalis

E. faecium P. aeruginosa 30%   
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T > MIC CLcr 30 mL/min E. faecalis 

90% CLcr 60 90 mL/min

Proteus 90%

CLcr 30 mL/min 3.0 g1 4

50% T > MIC E. faecalis 90%

CLcr 30 mL/min 3.0 g1 3 1.5 

g1 4 3.0 g1 4  
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TTable 5  -
PK/PD

 
Ampicillin--suulbactam regimen 
(0.5--h infusion)  

Bacteriostatic target  
(30% T > MIC)  

Bactericidal target  
(50% T > MIC)  

CLccr == 90 mL/min   
1.5 g b.i.d.. ((total 3 g/day) - - 
3.0 g b.i.d.. ((total 6 g/day) 0.25 - 
1.5 g t.i.d.. ((total 4.5 g/day) 0.5 - 
3.0 g t.i.d.. ((total 9 g/day) 1 - 
1.5 g q.i.d.. ((total 6 g/day) 1 0.25 
3.0 g q.i.d.. ((total 12 g/day) 2 0.5 

CLccr == 60 mL/min   
1.5  g b.i.d.. ((total 3 g/day) 0.25 - 
3.0 g b.i.d.. ((total 6 g/day) 0.5 - 
1.5 g t.i.d.. ((total 4.5 g/day) 1 0.25 
3.0 g t.i.d.. ((total 9 g/day) 2 0.5 
1.5 g q.i.d.. ((total 6 g/day) 2 0.5 
3.0 g q.i.d.. ((total 12 g/day) 4 1 

CLccr == 30 mL/min   
1.5 g b.i.d.. ((total 3 g/day) 2 0.5 
3.0 g b.i.d.. ((total 6 g/day) 4 1 
1.5 g t.i.d.. ((total 4.5 g/day) 4 1 
3.0 g t.i.d.. ((total 9 g/day) 8 2 
1.5 g q.i.d.. ((total 6 g/day) 4 2 
3.0 g q.i.d.. ((total 12 g/day) 8 4 

 
b.i.d., t.i.d.  q.i.d. 1 2 1 3 1 4  

90% MIC PK/PD
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PK/PD (CLcr = 30 60 90 

mL/min) -

CLcr 30 mL/min 3.0 g

1 4 (50% T > MIC) E. faecalis 90%

(30% T > MIC) E. faecalis Proteus

90%  

Cmax /

0.31 0.36 AUC0–∞ /

0.37 0.37

Klotz - 3.0 g

15-55 0.42-548.3 

μg/g 0.20-249.7 μg/g 47) -

3.0 g 30

16.5-88.6 μg/g 11.8-41.8 μg/g 60

5.2-62.7 μg/g 4.0-19.3 μg/g



 

33 
 

Klotz

/ (Cmax 1.83-2.01 AUC0 1.67-2.24) (Cmax

2.03-2.42 AUC0 1.81-2.12) /

1.0 2.0 45)

/ 2

- (2 1) MIC PK/PD

 

Qprostate Vprostate

θKPprostate

(θQprostate θVprostate) (ηKPprostate

ηQprostate ηVprostate)

Figure 4

(Figure 6,7)

2- Soto

46) Soto 2-
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PK/PD  

-

PK/PD

PK/PD (Figure 8)

PK/PD

CLcr 30 mL/min

3.0 g1 4 (50% T > MIC)

E. faecalis 90%

-  

MIC 3.0 g1 4

PK/PD CLcr 90 mL/min 0.5 μg/mL

CLcr 60 mL/min 1 μg/mL(E. faecalis MIC50) CLcr 30 mL/min

4 μg/mL(Klebsiella MIC50) PK/PD

PK/PD

3.0 g1 4

 

56) E. faecalis
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2.0 g1 4 2.0 g1 6 55,56)

PK/PD

PK/PD

CLcr 90 mL/min -

2.0 g -1.0 g1 4 1 μg/mL(E. faecalis MIC50)

E. faecalis MIC -

63) (2.0 g1 6 )

E. faecalis -

E. faecalis -

67-70)  

-

(30% T > MIC) PK/PD

3.0 g1 4 CLcr 30 mL/min E. faecalis Proteus

90% (Table 6) 3.0 g1 4

CLcr 90 mL/min 2 μg/mL(Proteus MIC50)

CLcr 60 mL/min 4 μg/mL(Klebsiella MIC50) CLcr 30 mL/min

8 μg/mL(E. coli MIC50) (Table 5) CLcr 30 mL/min

3.0 g1 4 E. coli
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CLcr 60 90 mL/min

E. coli 

3.0 g1 4 (6 )

0.8-1.3 71)

- 2

 

72)

73)  

PK/PD

PK/PD
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PK/PD

( / : 0.37)

/ 2.0

-

PK/PD

MIC

- PK/PD

MIC
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2

 

74)  

Streptococcus pneumoniae Haemophilus 

influenzae Klebsiella Staphylococcus aureus Moraxella catarrhalis

-

Bacteroides

Prevotella

74)(Table 7)

Haemophilus influenzae Moraxella catarrhalis -

75) -

 

-

43,46,76,77)

PK/PD

49) 78)
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PK/PD 1)

2)

PK/PD

 

TTable 7   

   
Empiric therapy   

   
   1 3g 1 3 4  

   1 3g 1 3 4  
  

  1 3g 1 3 4  
  

  1 3g 1 3 4  
  

  1 3g 1 3 4  
Definitive  therapy   

   
H. influenzae ( - )   1 3g 1 3 4  
MSSA   1 3g 1 3 4  
M. catarrhalis   1 3g 1 3 4  

   1 3g 1 3 4  
  

H. influenzae ( - )  1 3g 1 3 4  
MSSA  1 3g 1 3 4  
M. catarrhalis  1 3g 1 3 4  
A. baumannii  1 3g 1 3 4  

MSSA Methicillin-susceptible staphylococcus aureus ( ) 
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Frank 49)

/ /

(Cmax) 0 3 - (AUC0 3h)

Cmax AUC0 3h

Frank -

( 2g 1g) 15

15 1 1.5 2 4

3  

 

1

(Figure 9) (CL)

(Vcentral) (Q)

(Vperipheral) / (KPlung) (Qlung)

(Vlung) KPlung 49)

Qlung Vlung 79)  
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2.5 97.5

NONMEM7.4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 9   

Vcentral Vperipheral (L) Vlung

(kg) CL (L/h) Q
(L/h) Qlung (L/h) KPlung / Rinf (mg/h)

 

 

 

Vperipheral 

Vcentral 

CL 

Vlung 

Q 

Qlung Qlung  

KPlung 

Rinf 
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MIC  

MIC 80) EUCAST 63)

Methicillin-susceptible S. aureus (MSSA)

Methicillin-susceptible coagulase-negative staphylococci (MSCNS) S.pneumoniae H. 

influenzae M. catarrhalis MIC Table 8

 

 

TTable 8  - MIC  

Species 
MIC550 ((Total no. of strains) MIC990 ((Total no. of strains) 
Japan  EU  Japan  EU  

MSSA  a  0.25 (676) NA 1 (676) NA 
MSCNS  b  0.12 (452) NA 0.25 (452) NA 
S.  pneumoniae  0.06 (565) NA 2 (565) NA 
H. influenzae  2 (544) 0.25 (396) 4 (544) 4 (396) 
M. catarrhalis  0.12 (491) NA 0.25 (491) NA 

 
NA: Not applicable 
a Methicillin-susceptible taphylococcus aureus ( ) 
b Methicillin-susceptible coagulase-negative staphylococci (

)  

 

PK/PD  

(θ) NONMEM SIMULATION 1000
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MIC (0.06-64 μg/mL)

MIC (T > MIC) 24 1000

T > MIC( MIC 1/2 T > 

0.5MIC ) 50% 30

65,66) -

90% MIC

PK/PD  
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Frank (Table 9) Cmax

40.8 μg/mL 25.3 μg/mL

35.6 μg/g 8.6 μg/g AUC0 3h

83.5 μg h/mL 51.2 μg h/mL 73.6 μg

h/g 18.9 μg h/g  

/ Cmax 0.873 0.339 AUC0

3h 0.881 0.368 /

Cmax 1.61 AUC0–3h 1.63

/ Cmax 4.14 AUC0 3h 3.89  
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TTable 9   

Mean 

 

Table 10 KPlung

KPlung = 0.881

KPlung = 0.368 Qlung Vlung Qlung = 207 

L/h79) Vlung = 0.47 kg79)

Figure 10

( 2.5-97.5% )

2.5-97.5%

  

Specimen and parameterr Vaalue 

 
Ampicillin 2.0 g 
(15 subjects) 

Sulbactam 1.0 g 
(15 subjects) 

Ampicillin/sulbactam ratio 
(2.0 g/1.0 g) 

Serum     
Cmmax ((μg/mmL) 40.8 25.3 1.61 

   AAUC0--3  h  (μgg h/mmL)) 83.5 51.2 1.63 
Lung  tissue     

Cmmax ((μg/g)  35.6 8.6 4.14 
AUC00-33 hh ((μg h/g)) 73.6 18.9 3.89 

Lung tissue/serum ratio      
Cmmax 0.873 0.339  
AUC00-33 hh 0.881 0.368  
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TTable 10  

 
CL (L/h) Vcentral Vperipheral

(L) Q (L/h) KPlung / Qlung

(L/h) Vlung (kg) 
CI RSE θ η ε  
a 44 CLcr (mL/min)  
  

Parameter  Ampicillin  Sulbactam  
 Estimate (RSE) 95%CI Estimate (RSE) 95%CI 
Fix effects parameter  
CL (L/h) = θθCL ×× (CLcr//68.3a)θCLcr on CL 

θCCL(L/h)  11.03 (5.1) 9.76 - 11.89 10.50 (5.0) 9.29 - 10.97 
θCCLcr on CL  0.831 (14.1) 0.319 - 1.10 0.774 (18.6) 0.389 - 0.997 

Vccentral (L) = θθVcentral  7.80 (5.9) 7.31 - 10.19 8.96 (9.6) 7.27 - 10.65 
Q (L/h) = θθQ  7.07 (14.3) 4.23 - 13.04 7.29 (21.4) 3.82 - 10.35 
Vpperipheral (L) = θθVperipheral  3.98 (12.3) 3.17 - 5.40 4.93 (13.4) 3.64 - 6.67 
KPllung == θKKPlung 0.881 Fixed  None 0.368 Fixed  None 
Qllung(L/h) = θθQlung  207 Fixed  None 207 Fixed  None 
Vllung(kg) = θθVlung  0.47 Fixed  None 0.47 Fixed  None 
Interindividual variability (exponential error model)  

ηCCL 0.0985 (26.1) 0.0532 - 0.144 0.0626 (26.8) 0.0346 - 0.103 
ηVVcentral 0.160 (21.3) 0.113 - 0.281 0.147 (27.5) 0.0891 - 0.191 
ηQQ 0.588 (44.2) 0.105 - 1.57 0.399 (48.4) 0.0286 - 0.991 
ηVVperipheral 0.298 (37.2) 0.0208 - 0.621 0.177 (37.9) 0.0455 - 0.309 

Residual variability (additive error model)  
ε  2.70 (26.2) 2.36 - 4.86 1.22 (38.8) 0.948 - 2.11 
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PK/PD

Table 11 30% T > MIC PK/PD CLcr 60 

mL/min PK/PD 1.5 g( -

)1 2 0.5 μg/mL 3.0 g1 2 1 μg/mL 1.5 

g1 3 2 μg/mL 3.0 g1 3 1.5 g1 4 4 μg/mL 3.0 g1

4 8 μg/mL 50% T > MIC PK/PD

CLcr 60 mL/min PK/PD 1.5 g1

2 0.06 μg/mL 3.0 g1 2 0.13 μg/mL 1.5 g1 3 0.5 μg/mL

3.0 g1 3 1.5 g1 4 1 μg/mL 3.0 g1 4 2 μg/mL
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TTable 11  -
PK/PD  

 
Ampicillin--suulbactam regimen 
(0.5--h infusion)  

Bacteriostatic target  
(30% T > MIC)  

Bactericidal target  
(50% T > MIC)  

CLccr == 90 mL/min   
1.5 g b.i.d.. ((total 3 g/day) 0.25 - 
3.0 g b.i.d.. ((total 6 g/day) 0.5 - 
1.5 g t.i.d.. ((total 4.5 g/day) 1 0.13 
3.0 g t.i.d.. ((total 9 g/day) 2 0.25 
1.5 g q.i.d.. ((total 6 g/day) 2 0.5 
3.0 g q.i.d.. ((total 12 g/day) 4 1 

CLccr == 60 mL/min   
1.5 g b.i.d.. ((total 3 g/day) 0.5 0.06 
3.0 g b.i.d.. ((total 6 g/day) 1 0.13 
1.5 g t.i.d.. ((total 4.5 g/day) 2 0.5 
3.0 g t.i.d.. ((total 9 g/day) 4 1 
1.5 g q.i.d.. ((total 6 g/day) 4 1 
3.0 g q.i.d.. ((total 12 g/day) 8 2 

CLccr == 30 mL/min   
1.5 g b.i.d.. ((total 3 g/day) 2 0.5 
3.0 g b.i.d.. ((total 6 g/day) 4 1 
1.5 g t.i.d.. ((total 4.5 g/day) 4 2 
3.0 g t.i.d.. ((total 9 g/day) 8 4 
1.5 g q.i.d.. ((total 6 g/day) 8 4 
3.0 g q.i.d.. ((total 12 g/day) 16 8 

 
b.i.d., t.i.d.  q.i.d. 1 2 1 3 1 4  

90% MIC PK/PD
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PK/PD (CLcr = 30

60 90 mL/min) -

(50% T > 

MIC) CLcr 90 mL/min 3.0 g1 4

PK/PD 1 μg/mL

MSSA MSCNS M. catarrhalis MIC90 S. pneumoniae MIC50 EUCAST

H. influenzae MIC50

(30% T > MIC) CLcr 90 mL/min

1.5 g1 3 MSSA MSCNS MIC90  

Cmax /

0.873 0.339

AUC0–3h / 0.881

0.368 / Cmax

4.14 AUC0 3h 3.89

1/2 /

4 /
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1.0 2.0 45)

PK/PD PK/PD

PK/PD  

KPlung

(θQlung θVlung)

(Figure 10)  

-

PK/PD PK/PD

MIC PK/PD (

MIC 1/2 T > 0.5MIC) -

(Figure 11)

/

- MIC

 

3.0 g1 4 PK/PD
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CLcr 90 mL/min 1 μg/mL CLcr 60 mL/min

2 μg/mL CLcr 30 mL/min 8 μg/mL PK/PD

PK/PD

 

JAID/JSC 2019

- 3.0 g1 3

4 75)

CLcr 90 mL/min 3.0 g1 3 PK/PD

0.5 μg/mL 3.0 g1 4 1 μg/mL

MSSA MSCNS S.pneumoniae H. influenzae (EU)

M. catarrhalis MIC50

H. influenzae MIC50 (2 μg/mL)

- (β-lactamase nonproducing ampicillin 

resistant strains, BLNAR) H. influenzae 55% 79)

- H. influenzae -

- -

81,82) BLNAR 81) H. influenzae

- (β-lactamase producing 
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ampicillin resistant strains, BLPAR)  

-

83)

(30% T > MIC) PK/PD CLcr

90 mL/min 1.5 g1 3 PK/PD

1 μg/mL

MSSA MSCNS MIC90  

PK/PD
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PK/PD

 

1/2

/ 4

-

PK/PD  

PK/PD

MIC
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3 Acinetobater baumannii

 

Acinetobacter baumannii

84,85) A. baumannii

86,87) -

A. baumannii

86,88)  

A. baumannii

A. baumannii PK/PD

89) PK/PD

90-93)

A. 

baumannii

PK/PD

in vitro 1)
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2)

PK/PD

 

 

Yokoyama

94) / (Cmax)

0 ∞ - (AUC0 )

Cmax AUC0

Yokoyama 60 120 240 mg/kg

5 15 30 60 90  

 

1

(Figure 12)

(CL) (Vcentral)

(Q) (Vperipheral) /

(KPlung) (Qlung) (Vlung)

KPlung Qlung Vlung
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79)  

2.5 97.5

49)

NONMEM7.4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 12   

Vcentral Vperipheral (L) Vlung

(kg) CL (L/h) Q
(L/h) Qlung (L/h) KPlung / Rinf (mg/h)

 
  

Vperipheral 

Vcentral 

CL 

Vlung 

Q 

Qlung Qlung  

KPlung 

Rinf 
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Acinetobater baumannii MIC  

Acinetobater baumannii MIC 2003 2012

90) 27 Acinetobater baumannii MIC50 MIC90

1 4 μg/mL  

 

PK/PD  

(θ) NONMEM SIMULATION 1000

MIC

(0.25-64 μg/mL) MIC

(T > MIC) 24 1000

T > MIC 60%

89) -

90%

MIC PK/PD  
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Yokoyama (Table 12)

Cmax 132.6 μg/mL 35.2 μg/g

AUC0–∞ 81.6 μg h/mL 29.9 μg h/g  

/ Cmax 0.280 AUC0–∞ 0.365  

 

TTable 12   

Specimen and parameterr Vaalue 
 Sulbactam (60-240 mg/kg, s.c.) 
Plasma   

Cmmax ((μg/mmL) 132.6 ± 92.2 
   AAUC0--∞  (μgg h/mmL)) 81.6 ± 55.9 
Lung  tissue   

Cmmax ((μg/g)  35.2 ± 20.5 
AUC00-∞∞ ((μg h/g)) 29.9 ± 21.5 

Lung tissue/plasma  ratio    
Cmmax 0.280 ± 0.0317 
AUC00-∞∞ 0.365 ± 0.0257 

Mean ± S.D.  s.c.:  
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Table 13 KPlung

KPlung = 0.365 Qlung Vlung 2

Qlung = 207 L/h80) Vlung = 0.47 L80)

Figure 13

( 2.5-97.5% )

2.5-97.5%
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TTable 13   

Parameter  SBT  
 Estimate  (RSE)  95%CI  
Fix effects parameter  
CL (L/h) = θθCL ×× (CLcr//68.3a)θCLcr on CL 

θCCL(L/h)  10.50 (5.0) 9.29 - 10.97 
θCCLcr on CL  0.774 (18.6) 0.389 - 0.997 

Vccentral (L) = θθVcentral  8.96 (9.6) 7.27 - 10.65 
Q (L/h) = θθQ  7.29 (21.4) 3.82 - 10.35 
Vpperipheral (L) = θθVperipheral  4.93 (13.4) 3.64 - 6.67 
KPllung == θKKPlung 0.365 Fixed  None   
Qllung(L/h) = θθQlung  207 Fixed  None   
Vllung(kg) = θθVluung  0.47 Fixed  None   
Interindividual variability ((exponential error model) 

ηCCL 0.0626 (26.8) 0.0346 - 0.103 
ηVVcentral 0.147 (27.5) 0.0891 - 0.191 
ηQQ 0.399 (48.4) 0.0286 - 0.991 
ηVVperipheral 0.177 (37.9) 0.0455 - 0.309 

Residual variability (additive error model)  
ε  1.22 (38.8) 0.948 - 2.11 

 
CL (L/h) Vcentral Vperipheral

(L) Q (L/h) KPlung / Qlung

(L/h) Vlung (kg) 
CI RSE θ η ε  
a 44 CLcr (mL/min)  
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Figure 13   
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(Figure 14) PK/PD

Table 14 60% T > MIC PK/PD CLcr 60 mL/min

PK/PD 6.0 g( -

)1 2 0.06 μg/mL 3.0 g1 3 0.25 μg/mL  
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6.0 g1 3 3.0 g1 4 0.5 μg/mL 6.0 g1 4 1 μg/mL

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

FFigure 14 -- PPK/PD   
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TTable 14  -
PK/PD
 

Ampicillin--sulbactam  regimen  
(0.5--h infusion)  

60% T > MIC 

CLccr == 90 mL/min  
3..0 g b.i.d.  (total 6gg/day) -  
6..0 g b.i.d.  (total 12gg/day) -  
3..0 g t.i.d.  (total 9gg/day) 0.13  
6..0 g t.i.d.  (total 18gg/day) 0.25  
3..0 g q.i.d.  (total 12gg/day) 0.25  
6..0 g q.i.d.  (total 24gg/day) 0.5  

CLccr == 60 mL/min  
3.0 g b.i.d.. ((total 6g/day) -  
6.0 g b.i.d.. ((total 12g/day) 0.06  
3.0 g t.i.d.. ((total 9g/day) 0.25  
6.0 g t.i.d.. ((total 18g/day) 0.5  
3.0 g q.i.d.. ((total 12g/day) 0.5  
6.0 g q.i.d.. ((total 24g/day) 1  

CLccr == 30 mL/min  
3.0 g b.i.d.. ((total 6g/day) 0.5  
6.0 g b.i.d.. ((total 12g/day) 1  
3.0 g t.i.d.. ((total 9g/day) 1  
6.0 g t.i.d.. ((total 18g/day) 2  
3.0 g q.i.d.. ((total 12g/day) 2  
6.0 g q.i.d.. ((total 24g/day) 4  

 
b.i.d., t.i.d.  q.i.d. 1 2 1 3 1 4  

90% MIC PK/PD
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A. baumannii

PK/PD (CLcr = 30 60 90 mL/min)

- 60% T > MIC CLcr 60 

mL/min 6.0 g1 4 PK/PD 1 

μg/mL A. baumannii MIC50 CLcr 30 mL/min 6.0 g1

4 PK/PD 4 μg/mL A. 

baumannii MIC90  

( )

/

95,96)

 

Cmax AUC0
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/ 0.280 0.365

(Cmax 0.339 AUC0 3h 0.368)

/

AUC0

/ 0.365 KPlung

(Figure 13)

-

PK/PD 6.0 g1 4 PK/PD

CLcr 90 mL/min 0.5 μg/mL CLcr 60 mL/min

1 μg/mL CLcr 30 mL/min 4 μg/mL

PK/PD

PK/PD

 

4.0 g/day

- 3.0 g1 4

CLcr 90 mL/min 3.0 g1 4 PK/PD

0.25 μg/mL CLcr 60 mL/min 0.5 μg/mL CLcr 30 mL/min
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2 μg/mL (CLcr = 60 or 90 mL/min) A. 

baumannii MIC50 = 1 μg/mL

Yokoyama CLcr 90 mL/min

6.0 g1 4 8.0 g/day A. baumannii

(60% T > MIC) 90% 90)

Jaruratanasirikul CLcr 90-120 mL/min A. baumannii MIC = 

16 μg/mL 6.0 g4 1 4

8.0 g/day 9.0 g4 1 3 9.0 g/day

(60% T > MIC)90% 92)

PK/PD CLcr

60 mL/min 6.0 g1 4 A. baumannii

MIC50

 

PK/PD 60% T > MIC

89) -

A. baumannii

A. baumannii

89)
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( )

A. baumannii

PK/PD -

 

PK/PD

6.0 g1 4 -
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-

PK/PD

-

A. baumannii

-

 

97)(Figure 15)
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Figure 15   

 

PK/PD

PK/PD

PK/PD

-

(Table 15)43)

  

   

PK/PD  
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TTable 15   

    
  1 6 g( ) 2

1 3 g 1 4 1
12 g  

  1 3 g 2
 

 

( )

-

 

-
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PK/PD

B C

-

T > MIC

 

(Figure 16)

/
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(55 85 )

(0 16 ) (75 )

 

PK/PD
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FFigure 16  (PK)/ (PD)  
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HPLC 
Mobile phase         Ampicillin: 10 mmol/L potassium phosphate buffer (pH 4.7) : 

acetonitrile = 98 : 2 
                      Sulbactam: 100 mmol/L potassium phosphate buffer (pH 6.1) : 

acetonitrile = 98 : 2 
Column               C18 column (Waters XBridger  C18 5 μm 4.6 × 150 mm) 

Column temperature   40 °C 

Injection volume       20 μL 
Retension time         Ampicillin: 27 min      Sulbactam: 3.4 min 
Flow rate              Ampicillin: 1.6 mL/min  Sulbactam: 1.0 mL/min 
Detection              Ampicillin: 219 nm      Sulbactam: 322 nm 
 
 
  

 

 

 
15,000 rpm, 10 min, 25°C 

 

 

 
15,000 rpm, 5 min, 25°C 

HPLC 
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