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Application of Monte Carlo Simulation Method in the Formulation of Primary Medication Regimen for
Antibacterial Drug Treatment of ICU Patients with Escherichia coli Infection

YAO Xinkai', WU Hongwen', LIU Hailin’, LING Zhougui’ (1.Dept. of Pharmacy, the 4th Affiliated Hospital of
Guangxi Medical University, Guangxi Liuzhou 545005, China; 2.Dept. of Pharmacy, the First People’ s
Hospital of Chongqing Liangjiang New District, Chongqing 400015, China; 3.Dept. of Respiratory and Critical
Care Medicine, the 4th Affiliated Hospital of Guangxi Medical University, Guangxi Liuzhou 545005, China)

ABSTRACT OBIJECTIVE: To provide reference for the formulation of primary medication regimen for antibacterial drug
treatment of ICU patients with Escherichia coli infection. METHODS: Based on the surveillance report on E. coli resistance in
hospitals issued by CHINET China bacterial drug resistance surveillance network in 2016, 19 third class A hospitals in China were
collected as E. coli clinically isolated from ICU wards. Antibiotics with resistance rate of less than 40% to E. coli and with high
utilization rate in clinical practice were selected as the research objects, and a simulated drug delivery scheme was formulated.
Monte Carlo simulation method was used to simulate the clinical effect of different dosage regimens on 10 000 cases among
“patients with E. coli infection” in ICU wards. The target thresholds were % fT-wic>50% (piperacillin/tazobactam, cefoperazone/
sulbactam) , % fT-nc>40% (meropenem) , fcn/MIC>10 (amikacin). The cumulative response percentage (CFR) to the target
threshold requires that CFR be greater than 90% for the optimal regimen. The results were compared with those of 275 clinical ICU
pationts. RESULTS: Four antibiotics were identified, namely cefoperazone/sulbactam, piperacillin/tazobactam, meropenem and
amikacin; sixteen medication regimen were simulated, including 1 kind of cefoperazone/sulbactam “3.0 g, g8 h”; 3 kinds of
piperacillin/tazobactam “2.25 g, q6 h” “3.375 g, q8 h” and “3.375 g, q6 h”; 2 kinds of meropenem “0.5 g, g8 h” “1.0 g, ¢8
h”; 3 kinds of amikacin “0.4 g, q24 h” “0.6 g, q24 h” and “0.8 g, q24 h”. Their CFR values were higher than 90% , all of them
could be regarded as primary medication regimen. The clinical results were basically consistent with the simulation results.

CONCLUSIONS: Above medication regimen of piperacillin/tazobactam, cefoperazone/sulbactam, meropenem and amikacin can be

A B4 H 7 PERME 15 B (No EeRE AB16380152) ; i M 17 used as initial empirical drug selection for patients with E. coli

FHE I35 H (No.2018BJ10509) infection in ICU.
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Tab 1 Results of resistance rate, intermediate rate
and sensitivity rate of E. coli to selective anti-

bacterial drugs

FUAAM [0 {255, % T, % GER
SRR ELR 5298 11.40 23.70 64.90
R TG AR e 3 5298 8.60 9.80 81.60
EP R 5298 340 1.80 94.80
PR 5298 840 320 8840

R2 ALY E. colifi MICEHRIS T 80ZE (%)
Tab 2 Frequency distribution of MIC of antibiotics to

E. coli( %)
N Btk MIC, p.g/mL
R BC003 0060025025 05 1 2 4 8 16 3 64 18

SAUREAIIE 5298 649 649 649 649 649 649 649 649 649 649 23.70 11.40
IRHIPGRRAMAEI 5298 8.16 8.16 8.16 8.16 8.16 8.16 8.16 816 8.16 8.16 490 4.90 8.60
E5 5208 13.54 13.54 13.54 13.54 13.54 13.54 13.56 180 340

kR 5208 8.84 884 884 884 884 884 884 884 884 884 320 840

2.2 HBHAFR

A 24 it U A3 A BRI 722 ) e g 77 7Y
RS 25 29I AR T L AR YT 50 9 L e
T AFPPUE G, 5 A PR 2 48, 3L 16 PRl 25 24
54,4 R S AR R AT ELIH (42.0 g,q8 h7“2.0 g,q12 h”
“3.0 g,q8 h"“3.0 g,q12 h”) WRH PG it mals =L 11 (“2.25
2,q8h"“2.25 g,q6 h"“3.375 g,q8 h"“3.375 g,q6 h”) . &
B R (0.5 2,98 h"“0.5 g,q12h"“1.0 g,q8 h"“1.0 g,
ql2h”) Pk AE(“0.2 g,q24 h"“0.4 g,q24 h"“0.6 g,
q24h"“0.8 g,q24 h”).
2.3 FLEZ5Y PK/PD #5EY
2.3.1  BFEREAEDT 29 X T B R 1 e v 24
Yy, S AWR B T IH R PG AR At L E S B B R,
PK/PD F8EUN Y0 fT-wie TR A 1T,

NI 12 % fTone=1n (Dose X fx V, ' X MIC ") X f1,
0.693 'xz 'x100%

Y, %o fTowne R LI HH IR 25 245 ) VA B R 2ok MIC 7
B 1] o 25 245 1B IR 435, Dose 2 24 h 45 24557 &, f
MBS 25 E 4 B (f=1—PBs, PBs iy 244 () 1fiL 3 7 1
LG R) VoA RW A RN — S BERLHA TR, BIH
BRI B Vol — A8 VAl 3 (Ve=CLx1,,/0.693,
CLNZYNEBRZ)], 0 N, o 25 25 1R
2.3.2 WREEMIIMEBUA Y X TR B LR 254
BUPK R A, L PK/PD 6 4R K fema/MIC , BIVIIE 25 25 497 11 I
2GR 5 MIC Y FL (R
24 MEAHYHPKSHE
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R SCHR AR AT S 760 MR ] 5 EL 2 WRFor 7 AR e £
Y T R PR AR B PK S A Vene R
BFRWA ATV, (CL, 2911 PBs il T (I HHi ek
JURIT O S PR PK 28U 3,
®3 BREAMHPKSE (xts)
Tab 3 PK parameters of each antibiotics(x +s)

LG W nL fin,h PBs,%  V.lhkg  CLLh

L AREE 410991062 1555075 8293 - 58D
WRATTG ARl 10 719£167 0882039  17~22 - 14531468
DL 10 1393+240 115015 2 - 1868+232
WA 7010135272 3105061 0~35 0314009 417£077
s =" SCHRR R TR A
Note: “~” means the research data was not published in the referen-

2.5 BRFFFRIBEHL

i FH e 22 [# Oracle 2 7] (http : //'www.oracle.com ) iff
0 7K SR %K 14 Oracle Crystal Ball(V11.1.2.3.0) %} 4 F
LR 2 16 FIBILA 25 7 R TSR RIS, Bl
ICURE X “E. coli &G4 .3 vh 10 000451 fi9 i R Y725
1B 35 PK Z 88 Vit CL IR DA KT 530185 38 B 5 73 A1 (Log-
gaussian probability distribution) , MIC Ik M\ &5 B 43 15
(Discrete distribution) , fIk M\ $45J 4343 (Uniform distribu-
tion) . EA XA E A 95% , LA % fT-wic™>50 % (WRHL PG
MR B Sk AR R AT EL A ) Y 9 fT i >40% (3£ 5
BB fem/MIC> 10 (BUK R B H bR BIE, 115
PUR PRI 25 2575 SAEASBEE I MICHE R X E. coli ik
|| PK/PD 45 %% H 5 15 {1 i5 45 18 2% (Probability of tar-
get attainment, PTA) , JAR$E A2 2 7150 “BEIA 8357 ik
F H br B AE 1 2 A0 N 43 (Cumulative fraction of
response, CFR) , e f£ 45 24 )y 2 25K CFR=90% , CFR=
90 % )7 58 AT LIy “ BLSE R 7 25 TR E. coli 1% ]
BUR A TR 25 2 0 G B T 22

A 2:CFR= ¥ PTAXF,

AP, PTA 2 45 25 J7 S 1645 5 MIC {H 1Y X bR
B, F AR R AR 2SR MIC AR 43 A% . AN (]
YT SIRIT E. coli B CFR L3 4,

R4 ARBATRIBITE. coli B3I CFR

Tab 4 CFRs of various medication regimen for E. coli

infection

B2 BA% CER,% || fil&)  B4h% CFR, %

SRR 20g,¢8h 8053 || EFHH  05g.q8h 9157
20¢,ql2h 8128 05¢,q12h 86.04
30g.8h 92.19 10g.q8h 93.98
30g,12h 84.08 10g,ql2h 89.80

WRATTG ARl 225g,q8h 8930 || FOKRE 02g,q24h 88.76
225g,q6h 9471 04g,924h 91.53
3375 g.q8h 9144 06g,q24h 93.95
3375g,q6h 96.03 08g,q24h 9.1
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F90% , ¥R VE R ICU H E. coli YL I IR 25 2541457
Ko HARB RN CFRY/NT 90% , A B WUAE R
ICUHE. coli G WIIRER 2 75
2.6 I RIIE

I BERE R B R G B B A AR, R g 56 55
KRR RS HHLEH 2014 — 201544 B H E. coli
HARZR R ICU K X, ARt S 6 R i &7 £ 30 R4 78
AR LI 56 20 5 R AW IR 45 24 7 ZE ) SR AR T 300
], Ge it ik 3BT IE 259 i P A IR TR, Sk
SRR IS BRIL BB ZE R T I . BT RIDK R A
I RFR S F 24, BORXT HIE TR G E . 452,300
151 8.3 v A R0 I 275 45, JHE v (P Sk F6 IR e 7 2 30
(“2.0 g,q8 h"“2.0 g,q12h"“3.0 g,q8 h"“3.0 g,q12h”)
(1% 68 f51] R PG AR At ELIH (“2.25 g,q8 h”“2.25 g,q6 h”
“3.375 g,q8 h"“3.375 g,q6 h” ) ) 102 f4i] SEZ K5 R5 (“0.5
2,q8h”“0.5 g,q12h"“1.0 g,q8 h"“1.0 g,q12 h") (¥ 105
B, AR B FIRIT E. coli B 1 PRI T 55045 3
%5,

x5 WIEIRIEBEBITE. coli BEMIGRTTH

Tab 5 Clinical effects of patients with E. coli infection

in verification test

LR T EEES A%
S AR it 20g,q8h nn
13 20g,q12h 69.23
2% 30g,8h 84.00
19 30g,q12h 73.68
DRREPS e L3 13 225g,q8h 6154
2 225g,q6h 82.14
35 3375 g.q8h 7114
2% 3375 g.q6h 84.62
EA ] pi] 05g,q8h 82.61
11 05g,q12h 63.64
35 10g,q8 8571
3 10g,q12h nn

H 25 AL, 16 iR y7 5 22 v, Sk U WR i &7 £ 30
“3.0 g,q8 h” MR L P4 AR A1 Mk B4 4H (“2.25 g, g6 h”“3.375
g,q6h”) EFEH(“0.5 g,q8 h"“1.0 g,q8 h”) , A %L
IR T 80% . Xf b4 MR 5 LR LI, IHIREE RS
B2 SR IA— 5,
3 itig
3.1 E. coliTit?h il 5 PK/PD B LS

E. coli J& W R4 B % 5w , A 5 R AR TRk g
(R fc e DU IR B o 2016 4F CHINET Hh [ 40 B it 24 W )
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it R L E. coli 4y B2 7 KT TR 10 19.47 %, J&55 1
o FERRT G S- N LR (ESBLs) E. coli ¥ H 2 AL
TS 2005451 7.2% EFHE) 2014 1 55.4% , AN
Fles v ICU 4> B #k9 ESBL 6 ) 8t B 5 v T oAl R
T, A [ 20 TR 24 W P 4 B 2015 AR EIE R R
2 B P E. coli K6 1Y 510 140 Bk (5 29.9% ) , K
R, AR T 24 TR AR T BT R 25 e &
%) 77 E i, P/PD B A I TAC I R 2 4% 08 P
ZYPIRYTI T B B ] RO 2 — | S (R B A 23/
2% [ W B 2x (IDSA/ATS) F 2016 48k & A i 16 e
rR R R X T 2 8 R AR 1 il A 5 W W WL DG G 4 YA
7, BE T AR VS BT 2590 (9 PR/PD ST 44 25 05 %, Tl
AN A% 25 B A5 2451 R A R X R O
SE4NIE] (HHE IR R T PK/PD BERITESS SHURE 259
)7 SEPI O i A

SR 2 )5 SRR T 2 ICU BRIl T I %) T )« ol
RV 25 0iR )T fa HAE ™ B B A iy IRl i, R
e/ LR 2 B R ) 7 A R AR . T E R ICU HR BT
250 A PILE FH (RIS B8 AG I, 35k FH X6 )5t
BB 25 ) ) 5 7 B AR A SR T AR 3 B RRE DG
Kumar A ZF"WF 5 RIALEICU /b AR &4 )5, 1 h N
2GR G YNRITH , HAAE 2R 19.9% 12 A
BBTE AP RAE R | h, A5 R AP REIR 7.6 % . FR UL
AT UL B T IEA R B S A2 K AR 4 2 B iR ek
YURIT TR EBEREE . K, USSR RIEERIL S
PK/PD &4 R, (S FRRI T 20 4h 25 T
TR 2 R 2 AR AR I PRI T AL
FRACHEAI i 25 24 T S it T 251,

AWFFEHI T 2016 4F CHINET Hh [ 20 12 i 24 Wl
A bR S ICU K X E. coli FTH 25 A0 G $ 4 , 4% IR
CHUR 259 PRI FHAE S50 2015 i) 4 B it 24 25668
1 40 % BT B 24500 I >4 P T 22 56 FH 24 190 D, e BT 24
FART 40% , FLIm AR AR5 8 B0 1 24590 Sk A R B 7
ELEE RV PG A s B 58 20 8% e AT OK R A S F
TG,
3.2 REFFBEIMEEMERGNEAYIEREERN
BS

AT FE 25 ST UL, XoF T s Tl A9 1 7 T 245 P WR L P
AL B I Sk ALURER AT ELIE  SE R R, HAA PR
PK/PD 1) HARSEU T (PL I 25 0¥ JE i 2oF MIC 5282
BFRD) B UIAH G . FEAH R SAH G B 2R 25 700 B 1 4 R 4
25 () By, HE I 25 25 OB, R B0 b AR v 2 I R AR
HWRFT PG At 402,25 g, q6 h” ¥ CFR 1 94.71 % , 1fij
HEE“2.25 g,q8 h” Y CFR N 89.30% 3 B &L X WRH7 74
ARl L IH , “2.25 g, q6 h” 48 25 7 240 T “2.25 g,
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q8 W, 47 ICU 114 B Ui il FH R PG A fthumsle EL 4L ] 24
255 25 [ B ke 2 i SR I R T RN . S AR R R & 22 JELAY
£ 3.0 g,q8 h" )57 &) CFR KT 90% , 2 /55 3k f0 VR i &7
ELIAE AR T7 2 ] R B R 4R 45 25 S /b
N2 25 )7 % 42.0 g, q8 WIRYT E. coli I 8T TL2% A
18, 4347 S5 R AT 8 5 HEX B, coli BB IR AT 2, il
AL LA B 2 Sk A0 W R & (L IB X E. coli fURR 5 4 [
1%, BRI A FH 25 88 HIR YT E. coli B (1 #5 HE 3
Pe, BT BB E05g,ql2h"“1.0 g,ql2 h"
CFREI/NTF 90% , 7 Fik 45 25 7 EARENE NIk R VI iR
SRR TS MK 25 B 36 B B9 “1.0,q12 7
SRS 257 58 AE ICU W] BEAETEIG AT ORI 1
I, &I R B TG B B AN 25 25 77 i I IR TR, 4
IPRONEER S B R . SER KRR 25 )T E90.5 g,
q8 h"“1.0 g,q8 h"# CFR KT 90% , il LIfE J ICU i
T E. coli R IWIMR L5 2577 58 o W TR BRI BT T
2y BT K R R BR A 2 )7 5 °0.2 g, q24 W CFR /M F
90% 4, HA 2577 0 CFR KT 90% , i 45 245 7
LKA 404 g, q24 "R AT ARAG B B T 72K
N 205 b AR R0 35 9 AR 2 R, H 2 b
FRZRUE , AT M S FR R TR &F (37 119 3.0 g, q8 h” WRHL
PUAR AL (3 1 2.25 g, q6 h” L HERIIN0.5 g,q8 h”
FIBTAK A FL A9 40.4 g, q24 W B VE R ICUYAYT E. coli &L
MIVIERIGIT T 58 R4 2577 2397 E h [5 7 ESBLs i
TR 20 U e I %o S s R IR R E 245 ) 45 25 70 o
TN, BEAh, LI iR dE X ESBLs A B R
MR (E. coli) G NBTIRTARYT « FAE IR YL (FE e rE e B
WRBEPEIR o ) B8 B TR T B0 2K, B- N IR I 2 B- TN T
e A 1) 505 SRV A e e R R R A Y R L T
ATV S B S I 2Y

g5 Lk Xt & AT ICU H IR, i 18N E. coli
JEYLS  AF 58 H 9 Filt CFR ¥4 KF 90 % B WRHV PG A fthu e
ELIE | Sk AR VR R & B HH 98 B RS R DL BOK R R4 2
SR RIVE R WIUG 25 031, I DRI 5 10145 5 ik 2 Wi
SER VAT SRR RIS AL, S i ) bR R G iR YT 2
YIHER: SR &

o ZEULHH 2, ABIFFE s J& 55 T CHINET 2016
AR R AT SE 10 4F (2005 — 2014 4F ) [8] ICU 1 E. coli Tif
WIS, 5 AN B 245 A X S DU 2 48 2
i SEHIT Y S R R B . B T B 45 2
Ty S PKORIEHSLF B IEH S JFTRE. i, 78
G PR WIIG 25 2 5 22T S el , 5 0 R8 H 2 FL M 24 1A 1
BT R R R R T2 A . bRk
B2 T MBS B ICU K IX P E. coli TR 25151 |
IR R AL BT 2 Y TE SR EH T BEIR B TR
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