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Dose Adjustment of Antifungal Drugs in Patients with Extracorporeal Membrane Oxygenation*
LIU Lingling'®, BAI Nan', WANG Jin', CAI Yun'( 1. Dept. of Pharmacy, Medical Security Center,
General Hospital of PLA, Beijing 100853, China; 2. Graduate School, General Hospital of PLA,
Beijing 100853, China)

ABSTRACT Extracorporeal membrane oxygenation( ECMO) is a technique that saves patients with severe heart and
lung failure through long-term cardiopulmonary support. As an important risk factor for invasive fungal infection, the
application of ECMO will also increase the mortality of patients with invasive fungal infection. Due to the extracorporeal
circulation circuit, the pharmacokinetics ( PK)/pharmacodynamics (PD) of antifungal drugs in ECMO patients have
undergone major changes. This article summarizes the possible influencing factors of the PK/PD of drugs in ECMO
patients, and introduces the characteristics of ECMO patients, the adjustment of antifungal treatment regimens and
related population PK and physiological PK modeling studies, with the aim of providing reference for dosing application
in similar patients. In the absence of prospective, multicenter, randomized controlled studies, therapeutic drug
monitoring of antifungal drugs in ECMO patients is a more reasonable option.
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KAE ST 25 B oA AR AR, ECMO 52
Jil T X — S A SR IR RIRY TR T IRIYE, AT 7 ECMO Z& 4
A BRI BT R 2 TRy S0A T IR 452 G TE . AR SCHE TR
AR R R KT ECMO B3 i T Bt 501 245 AR S BT 58, X
ECMO 24 F 9t B 1 25 14 25 31 % ( pharmacokinetics , PK) /255§
2# ( pharmacodynamics , PD) 520 [Rl 2% DA N 57 0 9 24 55 N S kAT
S5k, LI R I PR ECMO J8 35 i MR R Y7 SR 3R] 1 258 il
TEIEIES

1 ECMO %4 T %4 PK/PD BN [E =

ECMO Z&1F T, 25 7E & AN PK/PD 2323125 L &
Pl ECMO SCRFTT R AEE MR ZES 3 4 T7 R I o

1.1 Z54p

LT R AT B R R, N 25 T 459 e
ECMO [n] B0 B , 259 3 - 7K 43 it 22 52 (octanol-water partition
coefficient, LogP) A FUI HC W BHF R JEE ™) o LogP < 1 7 /K ¥
4, LogP 24 1~2 $&7R S5 /K IS P B I v L B K, LogP >2 $ 7R iR
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Ve, A E SRR A RN AN, LogP B, 24 4y K Ff bk
% 4 LogP>2. 3 Bk A& W R IR EZG W, IR L it
H., ECMO SZHF 1 ], 3% J8 ¥ 25 9 i 58 25 R 0 4 A 25
(apparent volume of distribution at steady state, Vss) B] GEL8 il
T BR# ( clearance, CL) P .

L L2 M3EALEE: MK EALEE<30%, £
FEALGE R MEEALH RN 30% ~T0% , F7n b A5 LK E
FIG54 3 I 2R 1 258 R > 70% , Fo o & I 2R 1 45 4 &
R LSRR 455 % (>80% ) 254)7E ECMO [Fl % hEE 5451 2%, [Fl
ORI, ECMO [5] 615 1% B 245 14 ) -l 23 W0 R o 3 2
P, 2500 B0 1] B 400 2R T s B K2 B 1 28 1 455 =2 )+

WL R ECMO JIA], 85 10 2 45 4 R 259069 CL, Vss
[7] i A 1 B0 G At 7 4 S S R P A B g6

113 25WRasE vk 259 11 5 B Ra s k4 1B 35 5% ) ECMO
WA PK, 2o M 25 W ORI 3 b A= 2= i
PR R B BE DT, 25 AE R (25 °C) B A B
(37 °C) A 1F FRER R RAE K 22 5 ECMO [ml i " . {3
1,4 ¢/100 ml FISER R RIVATRAE 37 CCF 6 h [t 0% ;
AR LogP (=0, 6) AL 3K 2 1145 4 5 (2% ) PR (A H: 24 h
ey R AL 209% KR S e B G
T ECMO [1] 4 B 2 36k 6 550 , 0T B 25 & A e e .

BT T2 I A TR L 1,

®1 FRANAEANERENLER

Tab 1 Basic physicalchemical properties of commonly used antifungal drugs

i et AT LogP MWHEALEE/ % ECMO 24 h P25 i/ %
WHEZ B CaptysNO0,, 924.08 0.8 590 —
SN Cy5H PN 306.27 0.5 11~12 9111015 95981 18
fRar Hen CigH1aF5N50 349.31 165" 58 2011 29120
paugs i CyoH17FN503 437.47 3.46" >99 —
i CsoHggN 10015 1093.33 0 97 56010]
PRt CseHy1Ng0,38 1270.27 -1.5 >99 26~431 18155 42016
WG A CagHoyNo0, 114024 2.9 84 —

YT R BEIAY LogP s —"Fm M AA ECMO ol g {RSMITA 254 i 34l

Note:“ ™" indicates the predicted LogP; “—"indicates that there is no data on the drug recovery rate of the ECMO circuit in vitro study
1.2 ECMO 1.3 2&

ECMO £ 2 Ff B2 50, — Bl O - Bk #5L 5X (venovenous,  1.3.1 AR#E: BEEAFRIG K, BF LKA TR 221k, AT

VV) AU PEREIR SR, SR T OB H S R B s 5 —Fh R
Bk (venoarterial , VA ), B S (1 9 Il S 455 4b, o fiE 2 A2
MBI I1#DiRE . VA B8 VV B 5) R A RGP
G341 ECMO 1] il e 56 i 75 <2 A 1) 9 2 4 i g 2!
1.2.1 ECMO [RIf&Z5FH . ECMO [n] g 251 ) 250~ 400 ml, )40
T3 kg AREH A JLAEER 175 5t (250 ml) |, AL 4 70 ke 14
HA RN IMA B (S L) 1Y 8% [RItL, #1322 &)y LR WL 43
#i 254 (apparent volume of distribution, Vd) F5Z0R 5Tk,

1.2.2 EEEFAG BB AR R DR, ISR A S
IR & Z B (polyvinylchloride , PVC) % I ) W [ R4 80% ,
TTE & A AR PVC A BRI B A<y 83% ~86% , AR 2451)
B PVC A REUEIE , 2 5% A IR . LA PR /A
RIURIZE PVC A HON S FUTR R B 75 B 28 55 R K MR 25 W g it
BHe A A A RN o, SRR AL S AR L, SR
TS 2 (AT SR RSESE  od 2 i Bf e 0

1.2.3 BLOH SIREHMHLIL, B0 F B ki M4 25K
Je Ha iy iR s

1204 FEVEW )RS TR B o T W 0y 28 SR BEAS
7], A BR 20 25 W i AR 1 7 A S IR, DTG SE Wi 25 W) 1) PK 2
B, ARSMEAL ECMO [al g% (77 45 5 W, [l % 3 vt AR o
AN 52 77 AL B S0 L v (N A i) B, AR PR AR
24 h [B Y FRI3 5 28. 2% 84. 6% , S fl ME AR 24 h [m] i R 4y
WA T8. 4% 8. 1% F KBk Af 520 v, 20N P ARG R VA TR
AR 24 b [ R PEREAR R 5350 0% (38. 6% , Sk AL MRAK i
PRI AU 24 b B A PERERR R 20 530 08 21.9% 29% , IR
SEFRWRIAL AR 24 h AR 24 h 5 P R AR R S 00 R 29%
148%™,
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ZyMHE ML, 42 B E KRR B AR L L E AR PK
BB 22 5 2 i, AR S e L3 P 2R W R R
40% ~ 60% , T WAL 100% 52~ 12 % JLE R I AL PK AR
B, MZELL 257 >T mg/kg I 2~ 12 % JL 2 5 i AR IAML,
ARZEAEA I LB AR ST e Vd AR TR
1.3.2 HBRPPIRES : B B SBE PRI 4 B SERE S 25 G AE |
B IMNESINER GAE AR B NUE 2 85 5 2D B w8 % 23
b R i ECMO A ARE  fE TR B A R
O], 3 Tz B BB AN 78 , B EE 1 v BE BRI B
A5 A2 Vd BN R I RE t A 2 R R
1.3.3 HRAZN . ECMO BEEANIE E 7, RGN A £
TG, 259 Z R A EAE 25 ma PK/PD, filtn, 4 8%
[ i CYP2C19 ik 57 8 5 32 nal AR S7. g M I, K <7 B mse
(25t 2 T RBL(AUC, ., ) TSN 39% 7
134 AR HLALIAYT ;e S I E 8 U7 continuons renal
veplacement therapy, CRRT) 045 if &5 FE # Bk Ik it i 1 it
( continuous venovenous hemofiltration, CVVH) AR J5 ( i SR 24
Sl X254 PR/PD A S
1305 HfAR S M R S [ 2 3 I 25 0 e 2
5, YRR AR, i, AR BETE CYP2C19 i
PURis# (CYPCIO # 17/ % 17) HAREEE (CYPCIO % 1/ % 17)
N AR AR ) IRy | i = i IS A S AW
(CYPCI9 = 1/ 1) AHIRIIRI AR ™
2 ECMO £ THERGNFIEFE
2.1 AHEEERB

W% & B JIg 4K (liposomal amphotericin B, L-AMB) ;
Servais 4F  GH T 1 1] 20 B2 BIRAR R SIS
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fiF (acute respiratory distress syndrome, ARDS) f) 55 1 5 &, ECMO
SCREIIE] L-AMB Gl S mg/ (kg d) G2 7.5 mg/ (kg-d) , 4EHF
6 d J5 AN 5 mg/ (kg-d) , BFEL R R, RIA RN . %
83 L-AMB i S iRt F = K R 45 & 3, HAEE Kb E
Gk, R, P 3 2448 5 L-AMB 5 ik, Zhao 45 i 4ft i
T 1426 SAHBIEE , #Z VA-ECMO K CRRT ZFHAYT, &
B FRAE R AR S B 1, L-AMB & 1 5 mg/(kg-d) fE =
10 mg/ (kg-d) J&, 25 W W & (C,,, ) TH 2= 92.5 pg/ml, ik 3
C o >83 wg/ml BB H AR [R5 8510 5 L-AMB ¥ 273
B4 91. 8.63. 3 we/ml, FAAE L-AMB [l B 08 fF IR G2 5 Il PR EACS5 AN
£, IASC TR FEmE 200 mg, 1 H 2 RERGIRYT 17 d J5, R R
LR, B Foulquier 4™ LI T 1 4] 33 % ARDS i 75
IR, VV-ECMO SZHFI] 25T L-AMB 4 mg/(kg-d) ,

Vd 3l 0.4 L/kg, CL 3 16.2 ml/(h - ke ), AUC, .., M
133 pg-h/ml, SEFRZIE & EAE 8 E N PK 2400 1T, A
GV L-AMB (9750 5, Vallero % i3 T 1 41 10 % %2
PER SR M i 5 4 UL, 6 L-AMB. 3 me/ (kg-d) BE5
FAIZF4 50 mg/ (m? ) I577 Bl AR BRI, J5 8 ECMO i
B R 5T H AV BIRYT  WIRIR L L-AMB J R IAZ5E A7)
#,ECMO 3ZHF 14 d 53, iR E P80 2, BT IhEeEIEH .
B2, 6 1 RASRIRIEFE TN L-AMB £ ECMO [ ) 2R
BN RS AR A i B % B L i T R R B
2 B Il AN RARGE  1RIT S0 A R, Bz KA 4L
I ARV AFAE L, MO AT IR YT 25 9 W D ( therapeutic
drugs concentration monitoring, TDM) , ¥ -5& ¥, JF ECMO H#&
BUEH 20 H AR 28 e PK S50k 2,

#®2 IFECMO BEHNEREHNERNNESARE PK ¥

Tab 2 Common dose regimens and PK parameters of antifungal drugs in non-ECMO patients

EVES s Ty, CL/[ml/
%k e e s JUBEREER (g 00 (h.kgﬁ ji6)
FitkEZ B 0.6~1.0 mg/(kg-d) 1.0 mg/ (kg-d) 1.0 mg/ (kg+d) AHfeti 0.05~2.2 13~24 1~23
L-AMB 3.0~5.0 mg/(kg+d) 3.0~5.0 mg/(kg+d) 3.0 mg/(kg+d) IMAZEL6S  0.5~2.0  15~27 10 ~30
o b 6~12 mg/ (kg-d) 6~12 mg/ (kg+d) ; B : s 2 25 me/ kg AEFERI R« >6 /A 0.7 30 15~24
3 mg/(kg+d) 12 mg/kg, 1 H 1 Ty :
3~6 mg/kg, 1 i 2K

3 e ST 6 my/kg, 5 12h 124 A2~ 12 % f — >2% 4.5 6 100

ST LY AR 24 g/ kg, fir il h 9 my/kg, B 12 h

1202 1 2 LR SR
8 mg/ke, BF 12 h 4425 13K

WIEM G200 mg, 1 30 TR — — et 6.5 80~120 3070

2 d; A5 200 mg, 1 H 1K
Fnsg BRI 70 mg/d; e F A Sl 70 mg/m?, 1 B 1IK; 25 my/m?,1 H 1K IMAENTE 03-2.0 8 10

50 mg/d YEHEALES0 mg/m®, 1 H 1K

Ko 100~ 150 mg/d; Fipjj : 50 mg/d 2~4 mg/ (kg+d) ; Fiifji ;1 mg/kg 10 mg/ (kg+d) >4/MH 0.3 13 ~20 12
W JE 75 S 200 mg, 1 H 14 Sl :3 me/kg,1 H 1K; Gl -3 mg/kg, 1 H 1K 4 AHfeti 0.6 40 ~50 15

jlit: 100 mg 1 A 1K AR 1.5 mg/kg, 1 H 1K

i1, 5 mg/kg,1 H 11K

V23D Rem 200 mg S T3 VD HEMAGNE 372 mes *—" R AR " OR KR 2 B R LRHIE TR

Note: 200 mg isaconazole is equivalent to 372 mg isaconazole sulfate; “—" indicates no data available; ™"

2.2 =M

2.2.1  FURREME : Watt 25X FURMAE ECMO JLRL 8 2 rh iy 50) &
THEHAT T RANTFE . (1)2012 4E%F 10 45 H % 19 d (4 L
TR T 8IR YT 1R 28 ME SR R A5, Hovh 9 448 A LT B
PR TSR 25 mg/kg, 1 J8 1 IR, 1 2258 A2 JLIRYT v SR
W12 mg/kg, 1 H 1R S55LE IR, ECMO [l B4 550 B s 5F- 2
Ml 98% ,ECMO B LFUHEME Y Vd #E ECMO B LTH
50% ~90% (1.3~1.7 L/kg 5 0. 8~1.4 L/kg lL4%) , B CL A
UL17 ml/(h-kg) 5 18 ml/ (h-kg) HLH ] Wb A 25 AEIL 2 5
S FE T REAR T LA TR 45 24 50~200 mg/d AR L) 2% 88 7K T
(AUC,_,,, } 50~200 mg-h/L) ;12 mg/ (kg-d) IGI7F A ZGI,
AUCy_,,,, H 299 mg - WL, F 35 2697 B ALK (AUC,_,, , >
400 mg-h/L) , G5 Al 3 % 30~40 mg/kg, (2)2015 4F, %
AN T 40 24 H % 22 d W58 A J LI FIG 97 1= 28 1 A Bk v
TG B (21 208 A ) L3532 ECMO) | 5y 1 RFR 25 3 A5
A g G OR  ECMO LB SRR Vd 58, EH B 7
ARG 12 mg/kg, 4EHF B 6 mg/kg, 1 H 1 WGIRIT T
FOFTR A 35 me/ke, iR @R 12 mg/kg, (3)BHE, %
W1 BATFF & 19 A 24 By 2 A R0 R S R B e 471 i 77 2 35 mg/'kg
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refers to the pediatric use recommendation of the U. S. Food and Drug Administration

HIFIAIT 0~ 18 % ECMO LIRS Bk E g™ .

2.2.2 ARSEHEME: (1) Jung 2 HREE T 1 4] 54 % ARDS Il
SiE PR 2% BT DI RESEIR I Lo MR &, SR i VV-ECMO J5 44 AR 7
FREME 300 me/d, A5 8 FEA% AR 30 25 50 me/d, 7 d 5k
B ECMO, 25568, B HE A . (2) Ruiz 257 136 1 1 4
314 5 K0 L8 4k A 0 TR VR AR TR Lot R, T L
VA-ECMO F1 CVVH 32 5, R 37 5w /iy %0 46 O & 60 fof 57 o
6 mg/kg, 1 H 2 U, ZERFF 5 4 mg/kg, 1 H 2 7K, 18 & 8 mg/kg,
1 H 2, BERIAZFE 70 mg, 1 B 1R IR &R, 2.
3dJa, A5 IR 57 5 e i 25 9 BE AR 0.5.<0.2 mg/L, $27R
ECMO iR 37 J5% me 1 245 ¥ S8 5% i 45 4, 455 AR S e, el R
IS5 L-AMB #1960 s e Bk 2R 97, BB 4 R R 1T
(3)Spriet Z 2 HAE T 1Bl 17 % eh 3k 45 PF PR v i B
B, T LUK 57 B M 671 faf ) 5 400 mg, 1 H 2 WK, 45 ) &
280 mg, 1 H 2 WIAYY SEALAR 281 il th 25995 A G il 25 . (o A
ECMO Fi, RIS HE (C, ) (C 73908 7.2.7.5 pg/ml,
Vd # 1.58 I/kg,CL 24 47.91 ml/min, 6 d J5, T4 VV-ECMO
SCHE R R 4 R 19 % 400 mg, 1 H 2 ¥k, ECMO X #
2 d Jg MRS C,,, (C.., KIRFHE, B Hg B B ATt Fn
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Sy Coin 4 9. 65 pg/ml,C S 13.91 pe/ml, Vd H1.38 L/kg,
CL 2 49. 33 ml/min, 4 FEHEZIXE Y HHARET (C,,
H5.4 pg/ml,Vd & 1. 39 L/kg, CL & 140 ml/min) , iZ B #H 1Y
Croe FH0, CL AR, X E R ZE R RLA CYP2C19 BP A7 HE
B T SER Ir U AR RE AR, R T DI RRIE R, WHERR 25 A
HAEH BAH H ECMO FifR SRR C,,,, (C.. B8R 7 R
# H B RBIHE /1%, (4) Briiggemann 25 1738 1 ] 5 % Ak
RS A 3 1 A 3B v R L, T LA VV-ECMO 1 CVVH 372§,
fRILFEME 6.7 mg/kg, 1 H 2 W, IR YT (222 MM ih 8% , Ik SRR
M I 25 4R BE AU 0.7 mg/L, Ak %l €, R 1 mg/L B3EI7 H
bR AR BEMEFI R R 14 mg/ke, 1 H 2K, BILBREC,. A
4.22 mg/L, C,, 8.2 mg/L,AUC F+ % 64 mg-h/L, CL 3}
0.22 L/ (h-kg) ,LAUC,_,, ,/ T AN B 1k & 35 53. 8, i #8 H A7
fH(20~25), deid, B ILE LT 2 1% [ BRI
345, MALEFA 13 ~34 pmol/L, ECMO #F 19 d 7, BILSET
BEMLINBEZRTL o MRS HE L A AR 37 3w By 5 5 77 b S
it 10 me/kg,

2.2.3 EYbREME. (1) 4“2 1730 F i ik, Zhao 2 4R 3# 1
1 ] 26 % Jiti 25 A= TG 4k % ARDS 1 535 1 f2 3%, L-AMB 5 &1
f5 2 10 mg/ (kg - d) J&, I R ECE AR, BEA I VD e mi
200 mg,1 H2 W, H C,;, 1 1.9 pg/ml J+ = 4. 1 pg/ml, i5 7
Coin>3 pg/ml IEYT Hw ; R, AR HT 5 SEU vk 5
3.7.3. 4 pg/ml, 7R SEVD FEMRAE A ] 5 R BAF B 42 5 = R B
GBI 17 d 5, B SRR, (2) —T0GRYT IFL £
BABIRFFE AN T Vb e 200 mg, 45 8 h 4425 1 1R, 2 d J5 T LA
AEFERIEE 200 mg, 1 H 1R R™ 3 614832 ECMO )
Hoh, L B FE G 12 d S, v R 25k BE R
1.79 pg/ml, 35 2 Bl B F L2556 1.4 H R3ZE VD FREME M 25V &
43904 0.74.0. 57 pneg/ml; 25 6 H ECMO {55 )5 , 2L V0 FE e I
TR 2. 44 pe/ml. 5 3 B ECMO 3 8] (1 3L Vb B
MEZGHRE A 1.7 pe/ml; 55 12 H A CRRT 335, Wbk
MO 2 R BE R ZE 0.8 pg/ml; 55 15 H, ECMO #{55, {7 LA
CRRT 37, VD HEmk If 25 ¥ FE 45 <0. 9 weg/ml. % W53 45 1
%, ECMO CRRT (% f8 35 i JH 3L vb R s 1) If 245 ¥k B 2 5
BRI T TDM, LA R HAR M 25 (>1 pg/ml)
2.3 MEEEEEY

2.3.1 FKIAZSHE: (1) — 53T 30 )5 T B (10 T LU
ECMO 745,21 )5 L CRRT 325 ) £ FH 5 90 25 14 19 By B 7 Ik
LI PR 5, 56 2 70 mg, 4EHE7 & 50 mg, 1 H
LR BRI BZA R 45 R R, A 2R 1~3 d P e = 1o
AREF(V,) 40 6.04 7. 32 F17.70 L;5F-44 CL 4 0.709 L/h,
UL BAHIE (0. 72 L/h) AUC, oy, 439020 89,68 (AL
24% ) F1 50 ( A% 44%) mg + h/L, Jo 3k 3k B fe %A 4% #E(E
AUC,_»,,(98 mg-h/L) ;3f1A K ECMO AN 23 1 25 5 45 Y1 5544
(9 PK, o R L (2) ARFTEHGE T 1 4 41 % AR %
2k &I AE R 2 19 58 M R, VV-ECMO 8] 45 7 R I 5534
70 mg,1 H 17,5 €, H}11.95 pg/ml, Vd 3} 8.22 L,CL
6.9 ml/min, 5 HEZIKH (Ce 7 9.5~ 12 py/ml, Vd K
8~10 L,CL 34 10~ 12 ml/min) " #122 R &, 32 7% ECMO /8]
FAUIFG T2 AN . (3) Koch #4136 7 1 451 11 4
H W e AR IR IR Y i £ B, T LA VV-ECMO 32§, i

FPIEBEBEHZS P S0t 2021 4F% 21 55 9 1)

R HEME 4 d )5 C, BAR B RIAZ55 B 7 78 mg/m*, 4E 4§
78 mg/m’ 1 H 1R, BHIEHC, N 743 mg/L,C. K
102 mg/L P& FSCRkIRIE (C,,,, 491195 mg/L,C,,, #7373 mg/L);
AUC 5 69 mg-h /L A& Thr 7 i 50 mg/m* JL 2 (19 F- £
AUC(140 mg-h /L) ;CL 34 0.04 L/ (h-kg) , & F3CHk s,
BILETIREFI AT T 24 5 I AE W . ECMO [1] 1) S 2%
FR 360 ml, 2 (5 iZ LSRR ALY 60% , H i, A7 2L
N ECMO i #2947 TDM
2.3.2 KRIFE T N ENRT 12 & H % 59 d 1) ECMO
LB SR T R SRR T L SRR R, P
B2l 2L T AR5 4 mg/(kg-d) J7RE N 8 d, 5 1.4 H
(5 AUC 535318 74 (117 mg-h/L, Y4k T L 22 5 T Wiy H br 2
#EKT(37.5~69.5 mg-h/L) o G748 ILG T KR I5 %
8 mg/(kg+d) JFFE K 6 d, 5 2.5 H ) AUC 43 5] 213,
178 mg-h/L, #8 H 1497 H br 25 K7 (75~ 139 mg-h/L) , ECMO
WL VA(0. 64 L/kg) 33E ECMO %)L (0. 34~0. 54 L/kg) 14
Hill 209% ~90% , CL[ 0. 041 L/ (kg-h) ]#dk ECMO % JL.[ 0. 020~
0.039 L/ (kg-h) THgHEhn. iZAF58 2L, ECMO LK 25
(TR A7 ] 2 B % 2. 5.5 mg/ (kg-d) .
2.3.3  BJE75er: Aguilar 25 238 T 1] 69 %9 ARDS Bk
B ECMO S5 45T Bl JE 25 87 fap 77 B 200 mg, 1 H 1 ¥k, 4
Rl 100 mg,1 H 13K, IRIT R B SERRIER G, B AN
C,.. W 13.5 mg/L,C,,. }2.19 mg/L, Vss &y 18.9 L, CL W
0.933 L/h, A #00 JF 1 AUC,_,, 5317 107 111 mg-h/L,
5 TR RN R — B i BE 22 3 T [ 50 4 R 1 PK
BRAE(C, 23R 7.7.7.2 F1 7.0 mg/L,C,,, 435159 3.0,
3.3 F13.1 mg/L, Vss 435124 38.8.34.5 Fi1 35.2 L, CL 435K
1.3.1.0 1 1.0 L/h, AUC, ,,, 4% %1 92.7. 110.3 i
105.9 mg-h/L2") | DRI, TG 9 BT J2 25 v (7
3 TDM

T, B0 B B 04 5 88 - R G &R L B PKORRAEA ]
RO 5 2 T e P T PRI B A% (4 Bt L B 2 3064 T TDM,, 0 95 e v
WE G AR ST BRI Y e, T ECMO BB I BT
FUH TR R AR S, 4 L-AMB 2V FEWE A7 #E ECMO [r]
PRI FFF IS, HE4T TDM LU AL ECMO 8 35 55t 2L 1 YA I7
a4 (H TDM G897 Hbr W3 3) o & F HATAYUESE , ECMO
TN JE 3 R FH SR I B 1 T 22K 2 ) IO 2E 4T TDM ; ECMO
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Tab 3 Therapeutic drug monitoring target values of
antifungal drugs
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of treatment

AZ, a3 ECMO fy 88 5 EA T B 558 25 570 1 1 Ak
C 27 RIGRA) ZEW, Hih Tz EFE LRI R A il
FHI 25 Wy 5 1 B ECMO 3 B IR, MR 22 Bk, H 1

Evaluation and analysis of drug-use in hospitals of China 2021 Vol. 21 No.9 -1143-



PK/PD AR LT F A — B AR T sr 1R IR 2 3l 2 R
oA B2 Bl R XA — e AR REAT 1R LA 4
7 AT 1 TR H™ A e PR BE AL X IR 7 AR, F
B, A 2 S BT, S X ] ECMO #5835 R4 T
TDM, SRAEIGTT AT RO A 4

S

(1]

[2]

[10]

[11]

[13]

[14]

[15]

[16]

Kowalewski M, Fina D,Stomka A, et al. COVID-19 and ECMO; the
interplay between coagulation and inflammation-a narrative review
[J]. Crit Care,2020,24(1) :205.

Tissot F, Pascual M, Hullin R, et al. Impact of targeted antifungal
prophylaxis in heart transplant recipients at high risk for early invasive
fungal infection[ J]. Transplantation,2014,97(11) :1192-1197.
Aubron C,Cheng AC,Pilcher D, et al. Infections acquired by adults
who receive extracorporeal membrane oxygenation: risk factors and
outcome[ J]. Infect Control Hosp Epidemiol ,2013,34( 1) :24-30.
MacLaren G,Schlapbach LJ, Aiken AM. Nosocomial infections during
extracorporeal membrane oxygenation in neonatal, pediatric, and
adult patients; A comprehensive narrative review [ J ]. Pediatr Crit
Care Med,2020,21(3) :283-290.

Bizzarro MJ, Conrad SA, WKaufman DA, et al. Infections acquired
during extracorporeal membrane oxygenation in neonates, children,
and adults[ J]. Pediatr Crit Care Med,2011,12(3) ;277-281.
Pluim T,Halasa N, Phillips SE, et al. The morbidity and mortality of
patients with fungal infections before and during extracorporeal
membrane oxygenation support[ J]. Pediatr Crit Care Med,2012,13
(5) :€288-€293.

Gardner AH, Prodhan P, Stovall SH, et al. Fungal infections and
antifungal prophylaxis in pediatric cardiac extracorporeal life support
[J].J Thorac Cardiovasc Surg,2012,143(3) :689-695.

Shekar K, Roberts JA, Mcdonald CI, et al. Sequestration of drugs in
the circuit may lead to therapeutic failure during extracorporeal
membrane oxygenation| J]. Crit Care,2012,16(5) :R194.
Wildschut ED, Ahsman MJ, Allegaert K, et al. Determinants of drug
absorption in different ECMO circuits [ J ]. Intensive Care Med,
2010,36(12) :2109-2116.

Shekar K, Roberts JA, Mcdonald CI, et al. Protein-bound drugs are
prone to sequestration in the extracorporeal membrane oxygenation
circuit ; results from an ex vivo study[ J]. Crit Care,2015,19(1) ;164.
Shekar K, Roberts JA, Barnett AG, et al. Can physicochemical
properties of antimicrobials be used to predict their pharmacokinetics
during extracorporeal membrane oxygenation? Illustrative data from
ovine models[ J ]. Crit Care,2015,19:437.

Alvarez-Lueje A, Bollo S. Stability and drug metabolism assessed by
electrochemical methods[ J]. Comb Chem High Throughput Screen,
2010,13(8) :712-727.

Berthoin K, Le Duff CS, Marchand-Brynaert J, et al. Stability of
meropenem and doripenem solutions for administration by continuous
infusion[ J].J Antimicrob Chemother,2010,65(5) :1073-1075.
Marena GD, Dos Santos Ramos MA, Bauab TM, et al. Biological
properties and analytical methods for micafungin; A critical review
[J]. Crit Rev Anal Chem. 2021;51(4) :312-328.

Briot T, Vrignaud S, Lagarce F. Stability of micafungin sodium
solutions at different concentrations in glass bottles and syringes[ J].
Int J Pharm,2015,492(1-2) :137-140.

Autmizguine J,Hornik CP,Benjamin DK Jr,et al. Pharmacokinetics and

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

- 1144 - Evaluation and analysis of drug-use in hospitals of China 2021 Vol. 21 No. 9

Safety of Micafungin in Infants Supported With Extracorporeal Mem-
brane Oxygenation[ J]. Pediatr Infect Dis J,2016,35(11) ;1204-1210.
Wishart DS, Feunang YD, Guo AC, et al. DrugBank 5.0: a major
update to the DrugBank database for 2018[ J]. Nucleic Acids Res,
2018,46(D1) :D1074-D1082.
Watt KM, Cohen-Wolkowiez M, Williams DC, et al. Antifungal extra-
ction by the extracorporeal membrane oxygenation circuit [ J]. J
Extra Corpor Technol,2017,49(3) :150-159.
Raffaeli G,Cavallaro G,Allegaert K, et al. Sequestration of voriconazole
and vancomycin into contemporary extracorporeal mem-brane oxyge-
nation circuits: An in vitro study[ J]. Front Pediatr,2020,8 :468.
Mehta NM,Halwick DR ,Dodson BL,et al. Potential drug seque-stration
during extracorporeal membrane oxygenation: results from an ex vivo
experiment[ J . Intensive Care Med,2007,33(6) :1018-1024.
Sun HY, WKo WJ, Tsai PR, et al. Infections occurring during
extracorporeal membrane oxygenation use in adult patients[J]. J
Thorac Cardiovasc Surg,2010,140(5) :1125-1132. 2.
Preston TJ, Hodge AB,Riley JB, et al. In vitro drug adsorption and
plasma free hemoglobin levels associated with hollow fiber oxygen-
ators in the extracorporeal life support ( ECLS) circuit[ J]. J Extra
Corpor Technol ,2007,39(4) .234-237.
Tron C,Leven C,Fillatre P, et al. Should we fear tubing adsorption
of antibacterial drugs in extracorporeal membrane oxygenation? An
answer for cephalosporins and carbapenems[ J]. Clin Exp Pharmacol
Physiol ,2016,43(2) :281-283.
Allegaert K, Simons SHP, Tibboel D, et al. Non-maturational
covariates for dynamic systems pharmacology models in neonates,
infants, and children; Filling the gaps beyond developmental phar-
macology[ J]. Eur J Pharm Sci,2017,109S;S27-S31.
Allegra S,Fatiguso G,De Francia S, et al. Therapeutic drug moni-toring
of voriconazole for treatment and prophylaxis of invasive fungal
infection in children[ J]. Br J Clin Pharmacol ,2018,84(1) :197-203.
Bodenham A, Shelly MP, Park GR. The altered pharmacokinetics
and pharmacodynamics of drugs commonly used in critically ill
patients[ J |. Clin Pharmacokinet, 1988 ,14(6) ;347-373.
Qi F,Zhu L,Li N, et al. Influence of different proton pump inhibitors
on the pharmacokinetics of voriconazole [ J]. Int J Antimicrob
Agents,2017,49(4) :403-409.
Moriyama B, Obeng AO, Barbarino J, et al. Clinical pharmaco-genetics
implementation consortium ( CPIC ) guidelines for CYP2C19 and
voriconazole therapy[ J |. Clin Pharmacol Ther,2017,102( 1) ;45-51.
Servais R, Ammar MA | Gurnani PK. Treatment of pulmonary blasto-
mycosis with high-dose liposomal amphotericin B in a patient
receiving extracorporeal membrane oxygenation[ J |. BMJ Case Rep,
2019,12(6) :e229612.
Zhao Y, Seelhammer TG, Barreto EF, et al. Altered pharmacokinetics
and dosing of liposomal amphotericin B and isavuconazole during
extracorporeal membrane oxygenation [ J]. Pharmacotherapy, 2020,
40(1) :89-95.
Foulquier JB, Berneau P, Frérou A, et al. Liposomal amphotericin B
pharmacokinetics in a patient treated with extracorporeal membrane
oxygenation[ J]. Med Mal Infect,2019,49(1) :69-71.
Vallero S, Carraro F, Fagioli F, et al. Influenza A (HIN1) in a
pediatric patient with newly diagnosed acute promyelocytic leukemia
and invasive pulmonary aspergillosis[ J]. J Pediatr Hematol Oncol,
2011,33(7) :562-564.

(CFHEE 1147 1)

HEBEB I 508 2021 455 21 855 9 1)



