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+0.8) mg/dL, #%E Cer i, 10.3~102 (54.5+26.4) mL
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Table 1. Phamacokinetic data of patients treated with vancomycin
Initial Observed Pharmacokinetic Individualized Obnrvo;lon
Case wt Cer" dosage concentration parameter” dosage concentra
(kg) (mL/min) : CcL vd ) '
dose interval: peak”  trough dose interval ', peak”  trough
(mg) (h) :(ug/mL) (ug/mL) (L/h) (L) (mg) (h) (ug/mL) (ug/mL)
Initial dosage using Moellering’s nomogram. '
1 11.0 10. 3¢ 80 12 17.4 6.3 0.63 4.9
2 62.6 68.7 6500 12 7.2 2.2 8.7 44.6
3 50.0 64.6 600 12 10.6 6.0 2.6 42
4 38.8 24.9 400 24 11.0 0.86 26.9
5 49.0 77.1 600 12 13.3 3.9 5.0 34.9
6 33.2 13.3 500 48 22.4 8.3 0.68 28.6
7 45.3 60.6 500 12 11.7 6.7 4.0 42.1 700 12 18.4 9.2
8 42.0 46.1 400 12 16.5 5.8 2.7 23.3
9 33.5 58.1 440 12 20.3 9.7 2.2 25.4 440 12 19.3 12.4
10 63.0 94.1 750 12 9.9 3.0 7.7 51.6 1,250 12 21.1 7.0
11 36.0 78.0 500 12 14.9 1.8 25.6 1,000 24 32.4 18.1
12 42.2 73.9 550 12 10.9 5.0 4.9 44.6 800 12 21.3 8.9
13 51.5 50.5 500 12 15.1 5.5 3.5 30.4 500 12 13.7 7.7
14 58.3 54.7 500 12 17.1 10.4 2.7 4 1,200 24 34.2 15.0
15 54.0 51.6 500 12 18.0 8.9 2.7 34.8 500 12 18.7 12.7
mean 44.7 55.1 481 15 14.6 6.3
Initial dosage without using the nomogram.
16 55.0 24.9 1,000 48 24.6 8.4 2.9 35.8 800 24 19.5 1.7
17 65.0 27.6 1,000 48 22.1 8.2 1.4 54.6 1,500 48 27.5 11.1
18 64.0 102 500 12 12.2 3.1 2.1 34 1,200 12 16.8 7.2
mean 61.3 51.6 833 36 19.6 6.6
Ke CL vd
Dialysis patients. (/h) (L/h) (L)
19 54.0 HD* 800 140 21.4 10.5 |[0.0087 0.33 37.4 1,000 168 36.2 7.2
(0. 10 mL/min/kg)
20 55.6 CAPD" 800 168 32.1 6.8 |0.0031 0.22 69.6
(0. 065 mL/min/kg)
21 60.0 CAPD 900 168 20.5 13.0 (0.0027 0.12 43.9
(0. 033 mL/min/kg)
22 34.6 HD” 500 120 6.5 0. 0065 0.50 77 1,000 168 23.6 8.1
(0. 24 mL/min/kg)
mean 51.1 750 149 20.1 10.1

“calculated by the Cockcroft and Gault equation, ?2 h after the end of infusion, *Ke: elimination rate cdnstant, CL: clearance, Vd:

volume of distribution, “measured creatinine clearance,
performance membrane), NIPRO,
0.6 UW (high-performance membrane),

“CAPD: continuous ambulatory peritoneal dialysis,
FRESENIUS-KAWASUMI.

“HD: hemodialysis, 3 times a week for 4 h, dialyzer: FB-110 U (high—

"2 or 3 times a week for 3 h, dialyzer: PS—
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Table 2. Outcome of patients treated with vancomycin
Cose Underlying Infectious Concomitant MRSA Effect
disease disease antibiotics clinical bacteriological
1 hypoxic encephalopathy MRSA pneumonia suspected CAZ, PIPC sputum unknown  not tested
2 gastric cancer subdiaphragmatic abscess PAPM/BP drain unknown persisted
3 post operation for gastric cancer MRSA sepsis SBT/ABPC venous blood good eradicated
4 post mitral valve replacement MRSA sepsis - venous blood good eradicated
5 bronchial asthma MRSA phlegmon PAPM/BP skin good eradicated
6 congestive heart failure MRSA pneumonia PAPM/BP, MEPN bronchial aspirate  poor decreased
17 lung cancer MRSA sepsis - venous blood poor persisted
8 post operation for esophageal cancer MRSA pneumonia suspected IPM/CS bile juice unknown  not tested
9 decubitus ulcer MRSA sepsis suspected SBT/ABPC not detected unknown -
10 post operation for esophageal cancer MRSA sepsis IMP/CS, CPR venous blood good eradicated
11  post operation for gastric cancer panperitonitis SBT/ABPC not detected poor
12 dermatomyositis MRSA phlegmon IPM/CS, CPR, CEPN skin unknown  not tested
13 mixed connective tissue disease = MRSA pneumonia suspected - not detected unknown -
14 diabetes mellitus leg gangrene IPM/CS, CPR not detected unknown
15 congestive heart failure MRSA sepsis PAPM/BP, MEPN venous blood good eradicated
16 post operation for esophageal cancer MRSA pneumonia suspected IPM/CS +FLCZ not detected unknown
17 congestive heart failure MRSA infective endocarditis - venous blood good eradicated
18 post operation for esophageal cancer MRSA pneumonia CLDM + LMOX sputum good persisted
19 diabetes mellitus MRSA sepsis - venous blood good eradicated
20 congestive heart failure MRSA sepsis suspected CZOoP not detected unknown -
21 myocardial infarction MRSA sepsis CLDM venous blood good eradicated
22 chronic renal failure MRSA pneumonia SBT/ABPC, PAPM/BP  venous blood good eradicated(vein),
bronchial aspirate decreased (sputum)

CAZ: ceftazidime, CEPN: cefepime, CLDM: clindamycin, CPR: cefpirome, CZOP: cefozopran, FLCZ: fluconazole, IPM/CS: imipenem/
cislastatin, LMOX: latamoxef, MEPN: meropenem, PAPM/BP: panipenem/betamipron, PIPC: piperacillin, SBT/ABPC: sulbactam/

ampicilli

BEEF RS 1 m 60 4 & L7245, 0.5g/30 min D
BEETBZAYEEICE1E907b L1200 L
oo EENBEICBITA2MPBERED/-HORMIL,
TEKBICHEL-LELZONS 3~4EHHDOKEER
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(FPIA) HEiZEhflE L HEiX (k) =XA7—1Lx
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4) REBROHALK

DS RTIX, P 7BRENS5ug/mL % TE S
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kg), BB % =33% % Bayesian it 70 7 7 4
MULTI 2 (BAYES)ic#AAAk, BENESH % 10%
EIREL, BEOBELCa 2 L EPHBIEELS
AAHBAIERE VCM 5%, FHlREE L & oB s
%&b+t % Bayesian T 17\, BEBE 4 OEWEHE
INF A—=%(Vd, CL)Y2#E L7 3 21—%13 NEC
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mAREOFRNEOFMIZ, FRIREL EMBEIZD
WTOHMBEEEERBROEH, t RENMWIS, Fillo
& DT L L T mean prediction error (ME) %, F
HIHEBEDTEEE L L T mean absolute prediction error
(MAE) & root mean squared error (RMSE) % &t}
LTiTo7. ME, MAE B X U'RMSE 2\ TIix95
%REBEXEERDI, CHODBEHEE? %2 KISRT,
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Fig. 1. Observed vancomycin concentrations with the
initial dosage based on Moellering’s nomogram (n=
19).

O: Non-dialysis patients (n=15), vancomycin dosage:
160~1, 500 mg/day

A Dialysis patients (n=4) , vancomycin dosage: 500
~900 mg/5~7 days

£ H 16 mg/kg & WERE L 125, case22 122V Tik
)1l 500 mg 45 H DK — 7 MIE A 6.6 ug/mL L KA
o trte8, HEH, 727512 1,000 mg %GNS L7,
o 3plicoVTit, E—2iIEL 7 7MEL BT
AR L7 (Fig. 1o CLIZ2WTIE, A L&#
W% 2 BIA10.10, 0.24 mL/min/kg, MBEHEH2H
££0.033, 0.065 mL/min/kg & A LE&# & DFHHK
g\/‘ﬂﬁ’i’/ﬁLfCo

2) 5RO M

JeEMmEC 2P i AR e L 7 11 Hh 3
# (case9, 13, 15) (XMWY KA ME S 7oA, 1
# (case16) (22 W TidMmp ML HEEL 226 h %
M5 A—-9%F0T VTR REELL (Fig
2), 0 @ 76 Bayesian iz TH O T -5k 115
~37.9 mg/kg/day (1,000~2,400 mg/day) (- & ¥ L
720 Sh b 7 #l & Sawchuk-Zaske i HV T 5Kk %
ML 7= E M 20 (case 19, 22) O REERH
EEEHROMAPRIEMEM R % Fig. 3125 LA, &
S5RZEEKO L7 7R, KEOWHILEHMIZLS S
3y 27 %BILEDKRIEC L 1 (case 11) B\ /-
BHITHMBICHET A ENTE, E— 7 REIZD
WTHLEEH BB 2B OPVTHYRDO TR 20 ug/mL
EOIENPICTRE ST Ehh ol 28, Fig. 41243,
Bayesian - CIX 5 R AM L - /AN %A (case 17)
DHEBEBRBE R Lo COMIIMRSAIZE B.0RB%
BETH)ERLBPIES 2720, DS RIIBR
[HEWHE/ T A —5 AT, ¥—7 30ug/mL, }
57 8ug/mLIZ%B L) IZ&EL, VCM 1g% 1835
k5L, FOER, ¥Y— 27K 221 ug/mL, }
S7ME82ug/mLEY—2L b 7OMENREDEK
WERh, Mo ES /- MRSA ® MIC (0.5 ug/
mLUTF) 2+ LAlo7:. LA LML, M
POLEMFRYELBRBEN, OOCHBRERBEICHT
HHAWEOEKETIE, Y—7BRETONHKREME 8
BEUEIZT A ENET LAY, MRSA @ MBC i
HHEIZE o TMICOBBE~BEHE 2L LY, O
VCM F5 7% 10~15ug/mL 245 LEX KL
HELHEIENSLY, FF57124ug/mL, ¥—7
35.4 ug/mL % B#E\Z Bayesian - Tk 5 REH ML, 1
&% 15giHMBLIBBEDHEE L L, COK
R, U= BEH275ug/mL, 5 7BEA11.1ug/
mL&7%b, #%, BNXBOIEEL CRPORHRI
HEON, MPEETH MRSA XBRMEILL 7=,

3) Bayesian DTt

FENBET2EU LR ZTTo2- 118D b,
VCM#FExEhicHm#Ey a vy 728 Licasell &
VCM #x 5/ IClIiEY a v 2 25 E1E L7 case 16 %
7z 9 B % Xf R IZ, Bayesian 2D FHlItEIZOoWTHK
HL7 HBRSBRTO2HEOMmMPERES S &I
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Fig. 2. Clinical course of a patient (case 16) with septic shock.
65-year—old man, weight: 55 kg, MRSA pneumonia suspected. Ccr ranged from
25 mL/min to 80 mL/min. Vancomycin dosage was changed at time points
indicated with | . Maintenance dosage was calculated by using population

pharmacokinetic parameters.
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Fig. 3. Observed vancomycin concentrations before and
after dosage adjustment (n=9).
O: Dosage calculated by using the Bayesian
method (non-dialysis patients, n=7)
A: Dosage calculated by using the Sawchuk-Zaske
method (dialysis patients, n=2)

Bayesian &= CHEIF L THOLN-BEDOCL, Vd xHw
TFRHLA2EBOFRBE L ERRELLBEL 24
£% Table 3 (/R L7zo FRIRE L ERBREDMIZI,
MMM E: r=0.8830, MIAR: Y=1.09 x—1.31 DEHRM
BB ONTFRHIIREFTHo /2 (Fig. 5)o

4) VCM BH M 0¥

R EE D VCM % 5 5] #% D Srcr D % Fig. 6 127K
L7 VCM &5 #, 261123\ T Srer %% 0.4 mg/dL
PEFRLE, HIEY 2 v 2 (casell) &.LAE
Lk (case15) PWEEELEZ LN, VCMIZ L 2FE

EOMESrer LR LALEZ ORI D o7,
L7cdo T, AHMROHREEICOE, VCMIZLBH
EEZZDOAEVWLD L KN L,

4) MRSA BESEICH T 5 VCM O FRHF

MRSA BASELE L B S 7 8 6] (casel, 8, 9,
11, 13, 14, 16, 20) X, WIFNLHHEEXRENOE
Eb0 6, MRSA REEL HEBM CT& %Hh o7 (Table
2)o MRSA M & FEEB M S 7z 14 Flh (case 2~
7, 10, 12, 15, 18, 19, 21, 22), FL 4 — 3 CREE:
B Ak L Zcase2 E FH TRERMULBREL
Case 12 D 2 Pl DOWTIIHRHENTE LD o7z ¥
R ETREL 12 6l 10 B TR R A5 5 h, MRSA
IRYSEISN$ 5 VCM F%)E (L 83.3% TH -7,

Iv. # =®

SEERALAE ®Y T 41, EEREIZEITS VCM
DFH M BEA 15 ug/mL &2 B EHIERENT
WA, FKROEBENBE BN TL2HEHERT
2, ¥—27B8EEL M7 7BEOERNMED HRD - FHR
FEi310.6 ug/mL & BEFHRELS ug/mL X D4.4 ug/
mL D o7, Thid, ¥— 27 BEY ST 2B
DRMETOBRELELTWAI LML, BHOEHY —
JBELLR 2 TWVAEZDTHY, Bayesian ki THLN
REBREOCLEZHAVTERRETCOFEHBREXEMT
52 135ug/mL &% b, TOMEIZ/ TV 5 L0OHER
BExbyFPcTRLICTERY, 4, CO/ETTA
BTSSR LRE L-EBENBE 156TIE, OF
WU BRTADICEELZ NI 7REH 126 (80%)
THBBE ), QmPRENFERICEL 2%
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Fig.4. Clinical course of a patient (case 17) treated with dosage individualized by
using the Bayesian method.
82-year—old man, weight: 66 kg, infective endocarditis caused by MRSA. Cer: 27.6
mL/min. Initial dosage (vancomycin 1.0 g, every 48 h) based on the population
pharmacokinetic parameters resulted in vancomycin concentrations within the
therapeutic range but without sufficient effectiveness. The dosage (1.5g, every48
h) was individualized by the Bayesian method, resulting in a trough concentra-
tion of 11.1 ug/mL and a peak concentration of 27.5 ug/mL. WBC, CRP., and
temperature became normal, and MRSA was eradicated.

r Y=1.09X—1.31
40 i case 16
,\ (r=0.8830, n=18) °
'é L
o —~
E 30 :g 3+ case 15
5 LI
K o
£ 20 g 27 °
§ "3 H °© °© case 11
5 £ o o
T s 1t &30 o °8°
2 (o] o (o]
E (3 - © %8 &o [o]
(n=18) (n=18)
0 : : ' 0 ’

0 10 20 30 0 Fig. 6. Serum creatinine at the start (left) and at the end

Observed concentration (ug/mL) (right) of vancomycin treatment (n=18).
The dashed lines indicate serum creatinine changes of

Fig. 5. Correlation between observed and predicted more than 0.4 mg/dL. In case 16, with septic shock,

concentrations. the value decreased from 4.0 mg/dL to 0.7 mg/dL, In
case 11, with hemorrhagic shock, and case 15, with
dehydration and congestive heart failure, serum
creatinine increased by more than 0.4 mg/dL.
Table 3. Predicted performance by the Bayesian method
Predicted Observed ME MAE RMSE
concentration concentration
Sampling point mean mean t-test mean mean mean
(+SD) (£SD) (95% C.1.) (95% C.1.) (95% C.1.)
(ng/'mL) (ug mL) (ug mL) (ug mL) (ug mL)
Peak 23.2 21.2 N.S 2.01 3.70 5.22
concentration (n=9) (+6.6) (£6.1) - (-1.92~5.94) (0.70~6.70) (1.97~8.47)
Trough 8.3 10.1 <0.05 -1.83 2.14 2.79
concentration (n=9) (£2.4) (£2.8) L (-3.54~-0.12)  (0.69~3.59) (1.24~4.33)

N.S.: not significantly different, ME: mean prediction error (a measure of bias), MAE: mean absolute prediction error (a measure of
accuracy), RMSE: root mean squared prediction error (a measure of precision). 95% C.1.: 95% confidence interval.
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{, @16HIH 1081 (67%) THEGRELET 2L HE
B&dhole LAd-T, MRS RENBTLICH:
) Moellering D/ €7 5 LG HEADBEICBEVTYH
REBATEDZLDLEEA OGN, M ke LT
RERATED S EAMBEIN, 72750, KBIRTY
MBS ROBETYE— 7 IREAH IR L 2 E B
158 28 (13%) 2T &Y, o 3BIcHB VTR b
T7RENAERRLUTELRD, 16858 (83%) I
BUTRESROEELIVLETH -2,

Fig. TIZIIEEH /- ) oMK 1 MR L B RHRED
E— 7 MELOMBEERLAA, 16 mg/kg ULofeh
RTR3FANIHANE -2 REOE BRI B L/
B, CAUTOHRSRTIZ13F D16 (8%) 75 H¢
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tions and the initial dose.
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This study describes a pharmacokinetic approach to safe and effective treatment with vancomycin
(VCM), an antibiotic used for infections caused by methicillin-resistant Staphylococcus aureus (MRSA).
Therapeutic drug monitoring was performed in 22 patients (April 1995-February 1999) with various
degrees of renal functional impairment. The serum concentrations of VCM were measured at steady
state, immediately before (trough), and 2 hours after (peak), intravenous infusion. The initial VCM doses
for 15 non—dialysis patients were determined by using Moellering’s nomogram. At these initial doses, none
of the patients had VCM levels in the toxic range. Among these 15 patients, the trough levels of 12 patients
and the peak levels of 2 patients were within the therapeutic range (trough: 5~15 ug/mL, peak: 20~40
ug/mL). There were 5 patients whose initial VCM dosage needed to be adjusted for effective treatment.
Pryka’s population pharmacokinetic parameters and a simple one—compartment model were used to
calculate the patients’ pharmacokinetic parameters by the Bayesian method to adjust the dosage. The
dosage was appropriately, adjusted 4 patients had trough levels, and 4 patients had peak levels, within the
therapeutic range. The Bayesian method accurately predicted the actual VCM concentrations. At the
trough level (n=9) the mean prediction error (ME) was -1.83 ug/mL, the mean absolute prediction error
(MAE)was 2.14 ug/mL, the root mean squared prediction error (RMSE) was 2.79 ug/mL, and at the peak
level (n=9) the ME was 2.01 ug/mL, the MAE was 3.70 ug/mL, and the RMSE was 5.22 ug/mL. Four
patients on dialysis received an initial VCM dose of 15 mg/kg/week, and the dosage of two patients was
adjusted by using the Sawchuk-Zaske method. Efficacy of VCM treatment was recognized in 83% of the
patients, and there was no renal impairment caused by VCM. The results of the present study suggest that
safe and effective dosage regimens can be identified by determining the initial dosage by using Moellering’s
nomogram followed by individual dosage adjustment by the Bayesian or the Sawchuk—Zaske method.



