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7% mean prediction error (ME) = —0.75 ug/mL, mean absolute prediction error (MAE) =3.21 ug/
mL, rootmean squared prediction error (RMSE) =3.97 ug/mL, ¥'— 27 EE (n=26) 2" ME=2.71
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R L7458, 548 3 HEOMPRES S H I L7 half-life 2SRHERMFEH LY b 45% DL EKE»
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Table 1. Pharmacokinetic parameters of vancomycin first and

second observed concentrations in 12 patients

First observed Second obsered

t test

(mean+S.D.) (mean+S.D.)
Vancomycin clearance (L/h) 3.4+1.6 * 2.9+1.3
Volume of distribution (L) 35.9+8.5 N.S. 36.8%8.1
Halflife (h) 8.0+2.3 * 10.4+4.9
Serum creatinine (mg/dL) 0.73+0.27 * 0.80+0.30
Time after first dose (day) 3.0+2.9 * 8.9+5.3

*p<0.05, N.S.: not statistically significant,
S.D.: standard deviation

ADO¥HEERS L, MARELZWE LY,

2) IR E 7, Bayesian 2 X A5 =D
T 5

I H iR B 5 i, M2 R 7E, Bayesian 12 & 28
Lo, HSHEOZEIZOWTIE, BHkoIFFE
MBFIZBT B HELRLTHL,

3) RHENSEWBIE ST X —F OFHE (PK) 12X
% I EE Tl (PK )

1-compartment model 123 &0 < Pryka 5 ® PK %
MiEsabsb, VCMZ YT 7 A (CL)=0.75%x 27 L
7F=r21)7F A (Cer) +0.05(mL/min/kg), VCM
SAER (Vd) =065 (L/kg)?I2b&o0%, BED Cer
75 CLEVAdZENL, FEFEORGEPL TSR
LI EEZ M L7z Cer D5 HIZIE Cockeroft DX
ZMEH L72A%, BMI 2% 14 Kiili O HEF TIZEW Cer &
Hwviz?,

4) Bayesian =12 & A MLAFEET
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A—% (Vd, CL) &b &D0%, 2l HORIMMTIZHITF
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PK #:% X U Bayesian #:12 £ % FllR 12D W T,
WEE 2EEOEP T 7TIREE ZOTMIRED S,
FH O D OIFEETH % mean prediction error (ME),
TS OIEEE T3 % mean absolute prediction error
(MAE), root mean squared error (RMSE), #hZ
No95% EHEIXE (95% C.L), B L UHIFHEREH
352 & THRETLAY,
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EEMNT 7RELDETD LA DR DT WRE
(prediction error) ZFHML (1)), Z DR EAF
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B2 BT % prediction error D53 Ai MR T 5 Z L T,
FRIEE AT 3T I v ORGOHEMED, BIFEE L EALRE
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Prediction error ( #g/mL)

= predicted level — observed level --+-+--ccvveeeee (1)

Cer 2L (%)

= (Cer at second sample — Cer at first sample)
X 100/Cecr at first sample

HWBRE ST A — 5 TR (%)

= ((pharmacokinetic parameter by the Bayesian
method) — PK) x 100/PK
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18.1ug/mL), HE L2 55EMD ) B 1B, +TF 7R
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Fig. 1. Observed vancomycin concentrations in first (Moellering’s
nomogram) and second (Bayesian method) tests.
A: Cases with increased dose (n=5).
O: Cases without change in dose (n=5).
X : Cases with decreased dose or extended dosing interval (n=4).
Case 11 developed hemorrhagic shock after the dosage interval was
extended.
Table 2. Predictive performance using population pharmacokinetic parameters
Peak Trough
ME MAE RMSE ME MAE RMSE
(95% C.1.) (95% C.1.) (95% C.1.) (95% C.1.) (95% C.1.) (95% C.1.)
ug/mL ug/mL ug/mL ug/mL ug/mL ug/mL
First observed 2.71 4.59 5.24 =0.75 3.21 3.97
26 30
level (0.57-4.85) (3.38-5.80) (3.92-6.29) (—2.46-0.97) (2.18-4.23) (2.55-5.00)
Second 2.38 7.62 9.43 19 —3.65 5.43 7.22
observed level (—5.22-9.98) (2.99-12.25) (4.47i-14.07) (—8.52-1.22) (1.71-9.15) (1.97i-10. 40)

ME: mean prediction error (measure of bias), MAE: mean absolute prediction error (measure of accuracy),

RMSE: root mean squared prediction error (measure of precision), 95% C.I.: 95% confidence interval, i: imaginary number

Table 3. Predictive performance in the second observed level using the Bayesian method
Peak Trough
ME MAE RMSE ME MAE RMSE
(95% C.1.) (95% C.1.) (95% C.1.) n (95% C.1.) (95% C.1.) (95% C.1.)

ug/mL ug/mL ug/mL ug/mL ug/mL ug/mL

1.67 5.73 7.48 -3.30 3.90 4.93

11 . 12 ,
(-4.40-7.74)  (1.72-9.73)  (2.49i-10.86) (-6.16--0.44) (1.54-6.26) (1.48i-7.13)

O RJREH % Fig. 2 1R L7z
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FHEZ IS5 L, 2EH 5 7i#EDO ME 51 1
HFN7 7EOME &) 3 HEICELL T (Table
4), 2 [0 H oK 12O T PK #%: & Bayesian 12
L2 PRE L kKT 5 L, ME, MAE, RMSE ¢

NIZBWTD, Bayesian IO FBRIFLH & 7 - 7275,
HEEIRD NP o72 (Table5),
4) IR TR 2 AL S 2 5 W T DE
ATFTaTIVEFREZEEGL TS IEHD
prediction error IZ¥%5- L TV WIER X 1) b ]|
ZRL72%% b o & dKE 7% prediction error 345 L
TeR VIR THI S 7 (Fig.3)s L7455 7T, 7
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Fig. 2. Correlation between observed and predicted levels using population pharmacokinetic parameters (left and center)

and the Bayesian method (right).

Table 4. Relative predictive performance between first and second observed levels using
population pharmacokinetic parameters
Peak level Trough level
AME AMAE ARMSE AME AMAE ARMSE
n  (95%C.IL) (95% C.1.) (95% C.1.) n  (95%C.1L) (95% C.1.) (95% C.1.)
ug/mL ug/mL ug/mL ug/mL ug/mL ug/mL
-2.39 1.61 6.81 —3.43 2.29 6.15
10 . 12 .
(-6.48-1.70) (—-2.65-5.87) (8.23i-12.66) (—6.03--0.82) (—0.72-5.31) (3.26i-9.29)
Table 5. Relative predictive performance between the Bayesian method and
population pharmacokinetic parameters in second observed levels
Peak Trough
AME AMAE ARMSE AME AMAE ARMSE
n (95% C.1.) (95% C.1.) (95% C.1.) n (95% C.1.) (95% C.1.) (95% C.1.)
ug/mL ug/mL ug/mL ug/mL ug/mL ug/mL
0.71 1.89 5.75 -0.35 1.53 5.28
11 . 12 .
(-4.11-5.53) (-1.71-5.49) (6.09i-10.16) (-3.11-2.41) (-0.43-3.50) (1.94i-7.71)
12 (p>0.05, t test) 737 3 Y RFREDOHRG DA X o THHREEDE
~1.82+4.20 —4.78+3.04 (mean+S.D.) (LBEE B R 40T B LI TE LD o 10
8 (pg/mL) (pg/mL) " e s
2 =6 Ot tm, @Cer, GMHREERER D Cer DZEALEK,
w 4 . 5 A~ S sE o
? ° (@Bayesian % FIVCTH I L 72 BE M 4 O LY EHEE S
~ o =92 =4 -
5 of . " ! 5 A —% (Vd, CL, half-life) o PKIZktd 2 el
& ® % .
s 4l . 8 & prediction error & D EIGFERE, BRI E Figs. 4,
=} . —_
kS . 51RL72 o &b XIWHMIEZ/RLZDIE, half-life
B8l N -
& . . O PKIZH T 5 IEHEHR Tr=0.7454 (P<0.01) &HE
B ————— A % R L7ze 512, half-life 28 PK X ) 45% DI L
ithout diuretics ith diuretics ith diuretics . N . .
and and KEVIEFNTEBIDEALRETSH Y, half-life *PK X D
_ catecholamines catecholamines 25% WL LR & A B A4S ELLFRE X, Il i s
Fig. 3. Influence of diuretics and catecholamines on

trough prediction error.

Catecholamines: dopamine, dobutamine; diuretics:
furosemide, potassium canrenoate.

O: Absolute prediction errors were less than the
average.

@: Absolute prediction errors exceeded the average.

TR B 52 IKF O half-life T RS B O AL & RAFHE %
M T A N TE (Fig.5). 72, il (r=
0.6261, P<0.05) £ CLOPKIZK T % FE#EE (r=
0.5523, P<0.05) I22WTHAEELRHENRA S L1225,
Cer (r=0.3616, P>0.05), IfiH i Bl %E f @ Cer @
ZALE (r=0.0196, P>0.05), Vd ®» PKIZ 4§ % Tk
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Fig. 4. Correlation between prediction error in the second trough by the Bayesian method and creatinine clearance (Ccr),

age, and % change in Cecr.

% change in Cer: (Cer at second sampling — Cer at first sampling) X 100/Cer at first sampling.
O: Absolute prediction errors were less than the average.

@: Absolute prediction errors exceeded the average.
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)
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pharmacokinetic parameters (CL, Vd, and half-life) from averages.
% difference in pharmacokinetic parameter from the average: [(pharmacokinetic parameter — population average) X

100/population average] in the first sampling.

O: Absolute prediction errors were less than the average.

@: Absolute prediction errors exceeded the average.
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Fig. 6. Variations in calculated vancomycin clearance (CL) (left), volume of distribution (Vd) (center), and half-life
(right) using the Bayesian method between first and second observed levels (n=12).

BE# (r=0.2420, P>0.05) (DWW T, HE M
S heds o7z (Figs. 4,5)
Iv. £ =

PK 02 X 2 PR X, M b iReE & A = IR
L7275, FIRENREO 2B HEMRELD D,
IV IV ERLZ (Fig.2)o M 7iREO T O
i) %739 ME (&% —0.75 ug/mL (95% C.1.: —2.46
~0.97 ug/mL), 2 i H —3.65 ug/mL(95% C.I.: —8.52
~1.22ug/mL) &, 20 H NF 7REDHHFAEEITK

CFME, RMSE b, #E b J 7 E T 3.97 ug/mL
(95% C.I.: 2.55~5.00 ug/mL), 2 M BHFEH T 7 RE
T 7.22ug/mL (95% C.I.: 1.97i~10.40 ug/mL) T2
B HDKBELL Tz (Tables 2,4)0 Z D#ERIT,
PK#ET T 7B (156~5 ug/mL) O &2
st L7286, BHBZBOME T 7iRER, 1 ZITHEFE
WMNIZERETE 525 B5 G0 9 HURE, L
MRAWBZ DEFAHTL DI L 2REL TV,

VCM (22 W TR G- MM W2 51T 5 CL O T A3



368 H & ft - s T JUNE 2002
6 61 6
5 T 5[ 51
-24* 4 ¢ 4r
[=H
LELS 3t 3
s lW | y N J
A vy
1r 1r ¢ 1r
Il Il J Dll L 0 HD J

0
—50—-40-30-20—-10 0 10 20

Change in CL (%)

0
—60 —40 —20 0 20 40 60
Change in Vd (%)

—40 —20 0 20 40 60 80

Change in half-life (%)

Fig. 7. Histograms of % changes in pharmacokinetic parameters of vancomycin: (CL, Vd, and half-life at second
sampling — CL, Vd, and half-life at first sampling) % 100/CL, Vd, and half-life at first sampling.
| Patient whose absolute prediction errors exceeded the average (n=3).

HEINTWB, KBF%E T D Bayesian 12 & % f##T
MR2»H S, CLIMET 3 2MHICH 5725 (Table 1),
fil % DIEBITH CL DEALIZ S FEF TH S (Figs. 6,70
PKEEIZE D b7 7IREOTHAEES, #MEIX D D 20
HEMRETAORY & L THRICE ﬂcl/“Cb\E;O) i3,

—HBDIEFITH VCM @ CL DK FIZ L 2B LEZ 5
7z

Bayesian {# & PREO FHFEE 2 lLEK$ 5 &, ME,
MAE, RMSE W3 HiZB W TH Bayesian D H AR
WL o 72h%, HFEZIRD LML -7 (Table
5o CORBEENPM o ZEKNDL, —FOIER THD
VCM @ CL O F IZ Bayesian #: T4 2 I8 T & 72
MolzlzdEZ LNz,

1M BE A 72.7% @ Bayesian 12 X A% 5-m ORI T,
14 Bl 4 Bl (28.5%) 12D & b T Z7IREDRHRD I
REBMZBERER 722 81F (Fig. 1), REFZETH
72 Bayesian £ Tld, —#HOBEZIIBWT, @Y 5#E&
BiEI 293 5 0WE<TH ), 0l Z il iR EE O Hl
ENWEEL B2 L2 WEIZR L Twb, Bayesian i
DOFWREIZB VT, M7 7D RMSE (% 4.93 ug/
mL (95% C.L: 1.48i~7.13 ug/mL) T» 1Y (Table3),
F T 7EBED ERE B Z v X ) IS5 EI 2T 51

I, HHBOTRTH 2 5.0ug/mLfHExHELE T2
Z%?ﬁ HbH, LhL, EESR MRSARIIEDS A, €
—ZREL M7 7IREOWEH L HEHIE (40~20, 15~5
ug/mL) @ LERMEIIZT S LT, LD THIRDIE
LNBIEB S HFLET 5% Lizh> T, EE % MRSA
JRYE DRFEIZ E - Tld, VCM @ CL 23K T3 % 1l 5
WEEEL, HGEFEZITHILEDOD D EEORHEW
LPICT AT EDVEREEL LD,

2T, WMRLEMELE % -7 Bayesian 12 &% 5
T BEOTFIEEEARNTFIZOWTHRE L7zs VCM O
MAREICEEL G2 2RTE LR, #7373 08
F R F R O B L5, VCM ® 4 f# P crystalline

degradation product (CDP-1) O HEEREHR TOE
T, Fn, BHREOZLR E2H 52, VCM Ol
?EFF B E S 2 BHTIL, ?iﬁﬂﬁ@fk%?ﬁ@%ﬁ-xé

WREED D B 720, TNHORTIT X B FHIREDE
c:ou\f#ﬁ%ﬂ”%ﬁo 720

AT aAT7 IV EMREZEGTLTVLIEMND
prediction error (&, &5 L TWZRWIER] L ) & W EH
MaZmRL72zAH, & oL b KE7% prediction error 1335
LTWRWIER (case27) THILINW/2720, #T72

I URFRIEDIR G- DA X o TTHIKE OB LA
&Eﬂ?ﬁ% BFHZEIETE LD o7 (Fig.3)o LA
Lo, 7373y RRRESKSL S0 S AT RE
DENEF IS VCM O G-RGEH 21T ) Haicid, Lo
HEIZTDM 2179 LEVFHLDIIURRTH A9,

VCM @ 45 f# ¥ T & 5 crystalline degradation
product (CDP-1) (%, AWIZETH W T %3O0 IGR
ERlE (FPIA) #:CTHlET 5 & VCM & 40% DR

ARTEEINTVWEY, T/, BREERHETVCM
DIMARED AT LR < 2 2 T RgE BRI Tn b
MY, Cer DKW EHE T prediction error VK& %%
MBI S h o7 (Fig. 4). ERICO VT,
prediction error & HEGMBEZRDA, T8k L b o
& b H#h 7% case 9 O prediction error X —2.5 ug/mL
EFHEI Y L RIFRMETH S (Fig.4)o L7235 T,
Finz PR EOE L Z PSR- LTELLT L
3 T& Lol £72, KWIFETIE, Srer ® EFA2704
mg/dL K OREB =5t G & L Tw5bB728, Srer A70.3
mg/dL O FAZR LB D MR IZEThTwb, £
ZC, MAEERER O Cer Z1b3# & prediction error
& OMBAMEZMET L7228, MBS o 7z
(Fig. 4)o 7272 L, %5 " Srer 780.3 mg/dL L5 L,
Cerd’#38% i L 72case21®prediction errori
—-72ug/mL L K&, ZTOERKIE, Cer DZALIZE B
ebeEZOLNDL (Fig.4),
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UltoZ ea»s, FHED B KE % prediction error
o L2 W UL, 3HERIF 1 B2 5- A @ Cer
DEALIC X of%ﬁﬁﬂﬁf“é‘\ 2500, o 26I220nT,
hT7a7 3y, FAREORGR, Fii, Cer DEWIZX
ofﬁ%?é LIFTERWV,

=k, BB T 7RENHVEMIBNT, #5E%
Wikdh b WidHGHELZERESETH 2mHOEM b
TIRENESSIZEA L Fig. Do 2O ERD
FEHE K 0 Bayesian #:12 & 2 B HFE /S5 X — & 2)F
PK L RESELBYE, ZoiEwZ PR EOE/LH
FELTEETEDLIDEEZLOR, 22T,
Bayesian I TR L - £HWBERE/ ST XA — 5 D PKIZ
X$ 5 TEEER & prediction error & OFIBIME & HES L 720
ZORER, VA IZOWTIIMBEMEAA SN, CL & half
life IZOWTRABRLRMEIRO 57z (Fig.5). b
o> &b LW Z R L7201 half-life ® PK K3 5%
TEERTH D, 5512, half-life X PK £ 9 45% DL K
EVIEBNZAEBIASEALRE TS D, half-life 2 PK £ 1) 25
%Y LR E S BRVIERNTEBIA R L, half-life T
TS OBALE: & RIFEZ IS5 2 LA TE 2
(Fig.5)o 2T Z &iF, HE M2 58 H %O half-life
PRERIES L D b 45% DK & WIERNIE, 25% DLT
DIER] & I ZIRY B REHD R 2 2 BHERNZIR L T A T e

ZRELTWS, T74bH, VCM O half-life 75 PK X
Db 45% DL K E WEERIZ, Mﬁ%f‘ﬁﬁwt%/\"
FA—=% LIIRL L ERIC CL 2SREHE 12 384

L7279 (Fig. 7), %(ﬂﬂ*ﬁﬁpﬁ‘ﬁﬂﬁbt_f”“liﬁ H %o
PLE, RWFED#EL S, VCM O 5FEHIBWT
i, BREEOZE T TE 2w VCM @ CLIETIC
X B MHRE LA —HOEFTRD N Z LA S
ne ol BG5S S EH %O VCM O half-life

DRHENEY L ) b 25~45% DL ERE WERIZBWT
i, HEEN S 78E 2 BB TRMANEICT 52, X3

B EE 2 g3 5 % & VCM @ CL 2543 51
HEVEZ B L 7o GG 21T ) LEDV D 5o FHRED
BALRTFIZoWTIE, SHRIERBEESL L S HITHRET
LLEND D,
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population pharmacokinetic parameters and the Bayesian method

Masahiro Igarashi’, Tatsuo Nakatani”, Masahiro Hayashi",
Koichiro Nakata” and Yasuji Kasuya®
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In developing a vancomycin (VCM) dosage regimen, we assessed the prediction accuracy of VCM serum
concentration using population pharmacokinetic parameters in 30 patients and by the Bayesian method in
12 patients (April, 1997-July, 2000). The use of population pharmacokinetic parameters appropriately
estimated the serum VCM concentration as judged by the mean prediction error (ME; —0.75 ug/mL),
mean absolute prediction error (MAE; 3.21 ug/mL), and root mean squared prediction error (RMSE; 3.97
ug/mL) at troughs (n=30), and ME 2.71 ug/mL, MAE 4.59 ug/mL, and RMSE 5.24 yg/mL at peaks
(n=26). Prediction accuracy worsened, however, after about 9 days of VCM treatment due to a decrease
in VCM clearance during therapy. Predictive performance by the Bayesian method was ME —3.30 ug/mL,
MAE 3.90 ug/mL, and RMSE 4.93 ug/mL at troughs (n=12), and ME 1.67 ug/mL, MAE 5.73 ug/mlL,
and RMSE 7.48 ug/mL at peaks (n=11) . The adequacy of the dosage determined by the Bayesian method
was good for patients whose VCM half-life estimated from observed concentrations was less than 1.25
times the mean population half-life. For patients whose estimated half-life was more than 1.45 times of
the mean population pharmacokinetic parameter, the prediction error was high. The dosage regimen for
patients in this group thus requires careful adjustment.



