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Current situation of rational use of antibiotics in patients with augmented renal clearance
CUI Hongyan, ZHOU Lu, SUN Wenxu, WU Fengbo (Dept. of Clinical Pharmacy, West China Hospital of
Sichuan University, Chengdu 610041, China)

ABSTRACT Augmented renal clearance (ARC) refers to the significant enhancement of patients’ renal function, which is
manifested by the significant increase of glomerular filtration rate, which increases the clearance of drugs, and the effective blood
drug concentration cannot be achieved under the conventional dose. The efficacy of antibiotics is closely related to the
concentration. The influence of renal dysfunction on drug metabolism is an important factor that clinicians should consider when
determining the dosage. This article reviews the definition, risk factors, occurrence mechanism, evaluation methods of ARC, as
well as its impact on the pharmacokinetics/pharmacodynamics of antibiotics and administration methods. It is found that ARC
widely exists in critically ill patients, and the risk factors include age (<50 years old), brain trauma, sepsis, multiple trauma,
etc. When using antibiotics in ARC patients, the therapeutic effect of drugs can be improved by increasing the dosage, prolonging

the duration of administration and increasing the frequency of administration. However, in order to prevent adverse reactions caused

by high concentration accumulation of drugs, it is recommended to try to combine treatment drug monitoring.
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2 WERH CR M R 81 9% ~96 % , USRS J 25% ~69% ),
ARC R MR Cys-C Frid 29 CrCU 25 (5 CrClo w4
) KK 85 B 43 ) — 4.15 mL/(min- 1.73 m?®) . £ 12.9
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3 ARCHIMEAMANF/ANE BEFEW
=]
3.1 ARCXHEREMEZEYHIF N

Tt B R BRI HU TR 259, 2 8 2% F P T g
1) —ZIGIT 259, & T HAT KU 25800 A B TR 44
PEBUR 259 5909% LA B IEARI , Se R DT s RO 22 8t
k5 AUC/ 5 A% 410 4 ¥ (minimum inhibitory concentra-
tion, MIC) =400 s f2 A 4F W J& 2l 15~25 mg/L, 77 Wk i
filKF 10 mg/L B W 0] BE 51 &M 25, & A WFoe4leis ,
60% LA F 1 ARC J A8 167 1 8 S ARl & T Ak Tk
FEIKSE, BN S W <15 mg/LUY, K75 5%t ARC H
T AT SRR DGR B A BRI T . 1986 4 Brater
R I, FE T R FEARMER R T, ARC 5 F19E ARC
HBH RS BE 43 5 R 2.4~8.0.10.5~44.2 mg/L, i
W R AYE R F S CrCl B IE M 2% (7.=0.932, P<
0.001). 20104F Udy & " & R AR E it m £ 4.5
g/d i}, ARC [ E MRS E A AT A B 24 8 2% HARME .
AR 25 )7 225 2011 4F Jeurissen ZF S T B K H
F-CrCIHNZ E T Al £ A —3 . Mahmoud 55"
PIRFSE 25 T ARC (35 5 18 2 AUl i 15 mg/kg AERF
i 42 mg/(kg-d) WA %) HERAIREE ; 1M 7F Minkute %
FIRIESE R, Ol R 2R R BT N 44 mg/ (kg - d) A RE
RE HARMZGHE . 2015 4 Spadaro %45 T ARC [

BB R AR R 2.4% ; ZIoCEIH AT BoR , B S
CrClAH 3¢ (P=0.04) , T 5 77 7l 55 2% 1 25 W i JE % o
(EAS I B2, R 52 v T iy 5 3R I 24 W B AE 25~ 30
ng/mL X [ A5 EE AErEAE#E . 25 B ARC BT E
PR T R R AR LA B SN M 25 FE 4 2t
T R NIRRT 25 %) Wi (therapeutic drug monitoring,
TDM) , LARFARAS KL SO 0 & A2

B P T R — R R KRR 259 , KRS S
Tl B R NPUAE TSR], P E B R AR
IR A BT RN, A 205 ) LT iR LR i 22
Hegeo =, IR, B CrCl 5255 R HAT B
FIZE S R (P<<0.005) , ARC T 5 hn B 2%hr 7
49300 et LA DR A 2804 I 245 9 2 (15~30 mg/L) ™. 2020
A FEEECIZS T ARC i A ARC 8 B 2% 177 600
mg( <60 kg) &% 800 mg(>60 kg) .q12 h.3FIA 7 far 7,
8~12 mg/(kg-d) 4R, 455 R , ARC (& 11
PRA R 22 R PR R BR R 8 ARC B IL, B
PR B BRI R KA
3.2 ARCHEEMEHFLEMEAAYHIZIN

RAENT R E Y8 TR B EPTR 259, K
T AT 2 B EHE , HAT 2 AP R S RN, IR B (Con)/
MIC 2 8~10, HA B PR BCRY . — T BoR,
TEH FA PR B ZRIGIT T ,93% [ ARC [ 35 Rk F
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i BARE, 1995 4F Nicolau 28 W% B/~ , CrCl1>
60 mL/min Y & 2 KK % R 09 45 25 57 & 75 ik 3 7
mg/(kg-d). 20134 Falcone %158 &, ik HL R R 7
B /INEREE DR A S AN FR 2 con BIE R B 2
AE MR B FRR (P<<0.001) , FFEEICAT T LUZ ISR 10
mg/(kg - d) 5% 750 mg/d 1Y 5 5 >k 3k B ROR T MR EE .
2010 4F Udy " 45 T ARC B F Pk K 2 1.2 g/d (17
mg/kg) A3k B A PR R , $ER BK R A 7E ARC
BE P ER AN E, EHEARC BEHH
SAFNEAT BT 250 AR H TDM 45 5 K s R 25 2
Wk IS RN
3.3  ARCXg- M Bt AR B 25 ¥ I 220
B-NIERER R 25 TR TR AR,
KT B ISEE IR B B I HE M, R R AE ELAT B
BRI , BE BT A0 R A 25 19 24 0 Wk 2 v 1 MILC [ s ]
B 25 1AL Y 20 L (9% f T>MIC) SRR AE™, A SCHik
B, 18 CrCLEFE A H AR 8- A ok e 24 245 40 i 24 v i
fIKTF MIC [y IR, 2015 4 Huttner S5 ifF 58 & B,
ARC (B TE3E52 % FUR R B0 e G R e 2 B R
PUAR AT, 23 545 77 % .89% 61 % 40 % 1) i 3%
M 25 BEARTFHURivR E , H s CrCl 5 259 vk R
A E A
3.3.1 ARCHMEFRHREVHAYIITN FEREH
WIHEBURGSRY T R BTz UL 1S 8- Y Tk R it
350 £ 245 S MR P b Athuel EL AL 5 T 22 LT 2 7 5 |
AL 1) FERE SR Y, — M B T WIR L P bR fth nae £ 311 245 5y 24
H 4% % f T>MIC Hy 40% ~70% , ™ &Y T % f T>
AMIC T 55 90% ~1009% ™, WRFL PUARK i L1 34
DL I SR 2012 4F Felton 25278 18 ™ i Jak
(MIC=16 mg/L )i AT £ i WR L P4 A /Ath el [ 30 25 245 541 1
%4 g.q6 h.3 hg kit o —WOURBL VG AR A 25 2 1 rg
TDM LAk A BEHL T RIS 25 5 B R , 45T ARC
F i THARIETT 22 30% ~100% i #4E, 100% £ T>MIC ik
bRk 69% , HLEK A TDM A 3 4 5 100% f T>4MIC
H IR PR (57.9%vs.15.8% , P=0.007)™, 2014 4 Akers
S5 VORI GEIN SRy, R PG A/t e B JH ] T R R g
(MIC=16 mg/L) i , L4525 /0T 4 12 g/d A ik 3
50%fT>MIC; £ [Al B 45 2, 5% 3~4 g q4 h B
6~8 g.q6 h (&5 24~36 g/d) A fEF] 5 50% f T>
MIC. Quinton Z& 5% & B, WR T VU bR Fi Z2 5 BE AL Iy
Afi B0 AT RE S 7E A R 8 35 B, DA 7 A e 22
BEPE (AR B9 10 157.2 mg/L, 857 ME R 96.7 % , BURE
M 52.2%) . FHILAT UL, URPTPEAR Al LI AE ARC H
HIBTRGLIATT SRR A TDM 45 S I 50 1 LUk 2
AR L2 VR
3.3.2  ARCXSLAMIERIHELGMNIEm SRS
LR 25 & T B RS BT B 250, TR R VL %0 f T>
MIC K AE, 2015 4E Roberts 2 #F 57 & M, CrCl A 215
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mL/min [) ARC & & FH Sk F AR TE 22 2 ¢ .q6 h i 571 &
(4E ARC 5 1 g.q8 h) A Al ik 3| 50% f T>MIC.,
2001 4F — T pF X b T Sk A A4 (2 g, q24 h) FEAN ]
CrCl R E RN I 25 B2 1E , 45 1 R, ARC J 5 25
THERRFE R R T B REIE S B, 25k
WAL T IEH K, AR HE , 55 Uk R 2R 22
Ykt ls SAre S 2GR CrClLEA B35 1)
MR, W HIAITFIE T 54% 19 ARC & B A EI BT
AR, Lipman 258 B, Sk UV £ /035 2L 4
g/d A RELF 60% f T>MIC (MIC=4 mg/L) , tt4h4 g,
24 h 245255 1 g.q4 h(6 g/d) FrZe 4y 2534 m] 1 2% 4
o H BT RO Sk VL% 6 g 24 h 8245 25 m] LA 3
60%f T>MIC(MIC=16 mg/L) . KRtz b, kAfnE
SKAIFES TE R CrClLR B AR N 2 B0 IR 25 vk BE R 42
A 25 G o JE K 25 2 [R] KN 4h 2R RRB e 2 5
J7 OB BN AP,
3.3.3  ARC X5 B M R PL AW s2 . Bk B 0
KU 258 Tt R b B 259, FE R T £ i
B G . ORI R I Bk T RS 25 ) I
iU PE S CrCL A BB RM R, — Rk % T>
MIC KT 40%", Novelli "W 5¢ & B, CrCl X} 3£ 2 £
A K 7 24 32 R W R 1540 3124 50,70 mL/min,
15 CrCLER N H IR A 25 . Troger WIS R,
KT HEMAE ARC BE h iR SRl £ 8 g/d(2 g.g6 h),
FE 12 g/d(2g.q4 h), B IKIEE 30 min A4 AT 3K 24 2L
PP RCR , Bz 25 7 R K HEM A R IR .
Lamoth %5 ™ # % ARC 8 % 75 47 7 Wi 5 pg 2270 500
mg.q4 h 3 # 750 mg.q6 h, F K% 2 h, 4 681k 3
90% f T>MIC (MIC=1 mg/L) ; /™ 5 J& Yt N (MIC=2
mg/L) 5% 6 g/d 25255t . AR, Z2 0 35 ma 76 0
T ARC (B E BT BRI A 25 5 2, Lo AN 28 K S v st
(B B3 2 24570 0
34 ARCXEEIRENEZGYRI RN

WS T I 25 0 DA 2 0T 22 B 22 IR B vk T LA R
YERL TZ T T U PR R G I e | g 18 I R I 2R 458
YL SE BT RFRIE HA R M , AUC/MIC =1255 1%
) BB B R HEE , ARCARZS T 254035 ok i 25 3
i, PR ARC BB 35 T R L 45 2 50 o, 0 R AT B A
TDM", Roberts &""HF5¥ @7~ , ™ 5 R B H 4 CG A
A B CrC1=130 mL/min I, 248 R0 B 44 25577
PR B AR 1.25~1.54%, Bl 750~1 000 mg/d,
RN U B % R 22 B 2% G B AT 38 0 2 G P TR
BECIR , 0 LX) i 2% A PR B AT R it 2 AN B A B R
Khachman 2" F 5% R , ™ B & Ge B 5 3% CG AR
) CrC1 4y (89 + 54 )mL/min Bf , BP0 L HIL & 1 200
mg/d IEAR AT 12 % RIS RIS B, ARC B3
7 1 200 mg/d 8% 2 400 mg/d A4 A 3K G %L HT B RCR
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mg/(kgd)"
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R 8~ 12 mg/kg‘qd‘:”
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ET 29,06 W82 g.g4 b, FKIE: 30 min™ 60% T>4 MIC(MIC=2 mg/L)
ki 500 mg.q4 i 750 mg,q6 b, ERKIIE2 B 90%f T>MIC(MIC=1 mg/L)
il 2g.q8 b, AHKIRERZE TR DLEY 40%f T>MIC(MIC=8 mg/L)
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4 L5iE

ARCJ ZAFETFEEAE BH KA R N 2= £

AR

YU

e (<50%) i@t TEAE 2 AR RI S, I R
097 PN BB T ARG TE , Bl il

&1 ARC F-AR 45 TDM 45 5 M iR #2525 % . W WL

Ein:|
Bk
Fk

(S

2, 3l R R M R ISR 29 W 4 4
7, ARC B 5 IS 5 TDME; - N T i
W A R I B 25 W mT ARG CrCLR IR &5, (U2
VN IR SIS TDM, LB 11 25 9 v 38 o A% 30

FRTRY T R s 245 ) ve ik BE 78 FR S R A AS RN

[1]

[6]

HOBBS A L, SHEA K M,ROBERTS K M, et al. Implica-
tions of augmented renal clearance on drug dosing in criti-
cally ill patients:a focus on antibiotics[J]. Pharmacotherapy,
2015,35(11):1063-1075.

TR A O AR DI RETCHE LG 2GR
HE R BIF 5T RS [0]. b [ B B 2 7 4R A, 2019, 39(7)
762-766.

UDY A A,ROBERTS J A,LIPMAN J. Implications of
augmented renal clearance in critically ill patients[J]. Nat
Rev Nephrol, 2011,7(9) :539-543.

MAHMOUD S H,SHEN C. Augmented renal clearance
in critical illness: an important consideration in drug
dosing[J]. Pharmaceutics,2017,9( 3):E36.

CLAUS B O,HOSTE E A,COLPAERT K,et al. Augmented
renal clearance is a common finding with worse clinical
outcome in critically ill patients receiving antimicrobial
therapy[J]. J Crit Care, 2013,28(5) : 695-700.
GROOTAERT V, WILLEMS L, DEBAVEYE Y, et al.

HEZED; 202245 33 5 14

[8]

(9]

(10]

[11]

[12]

[15]

[18]

Augmented renal clearance in the critically ill: how to
assess kidney function[J]. Ann Pharmacother, 2012, 46 (7/
8):952-959.

MAY C C,ARORA S,PARLI S E, et al. Augmented renal
clearance in patients with subarachnoid hemorrhage[J].
Neurocrit Care,2015,23(3):374-379.

SHIMAMOTO Y,FUKUDA T, TANAKA K, et al. Sys-
temic inflammatory response syndrome criteria and vanco-
mycin dose requirement in patients with sepsis[J]. Inten-
sive Care Med,2013,39(7):1247-1252,

UDY A A,JARRETT P,LASSIG-SMITH M, et al. Aug-
mented renal clearance in traumatic brain injury: a sin-
gle-center observational study of atrial natriuretic peptide,
cardiac output, and creatinine clearance[J]. J Neurotrauma,
2017,34(1):137-144.

CHERRY R A,EACHEMPATI S R,HYDO L, et al. Accu-
racy of short-duration creatinine clearance determinations
in predicting 24-hour creatinine clearance in critically ill
and injured patients[J]. J Trauma,2002,53(2) :267-271.
UDY A A, MORTON F J, NGUYEN-PHAM S, et al. A
comparison of CKD-EPI estimated glomerular filtration
rate and measured creatinine clearance in recently admit-
ted critically ill patients with normal plasma creatinine
concentrations[J]. BMC Nephrol, 2013, 14:250.

STEINKE T, MORITZ S, BECK S, et al. Estimation of
creatinine clearance using plasma creatinine or cystatin C:
a secondary analysis of two pharmacokinetic studies in
surgical ICU patients[J]. BMC Anesthesiol, 2015, 15:62.
RYBAK M J. The pharmacokinetic and pharmacodynamic
properties of vancomycin[J]. Clin Infect Dis, 2006, 42
(Suppl 1) :S35-839.

BAKKE V,SPORSEM H, VON DER LIPPE E, et al. Van-
comycin levels are frequently subtherapeutic in critically
ill patients: a prospective observational study[J]. Acta
Anaesthesiol Scand,2017,61(6):627-635.

BRATER D C, BAWDON R E, ANDERSON S A, et al.
Vancomycin elimination in patients with burn injury[J].
Clin Pharmacol Ther, 1986,39(6):631-634.

UDY A A, PUTT M T, SHANMUGATHASAN S, et al.
Augmented renal clearance in the Intensive Care Unit: an
illustrative case series[J]. Int J Antimicrob Agents, 2010,
35(6):606-608.

JEURISSEN A, SLUYTS I, RUTSAERT R. A higher dose
of vancomycin in continuous infusion is needed in critically
ill patients[J]. Int J Antimicrob Agents,2011,37(1):75-77.
MINKUTE R, BRIEDIS V, STEPONAVICIUTE R, et al.
Augmented renal clearance: an evolving risk factor to
consider during the treatment with vancomycin[J]. J Clin
Pharm Ther,2013,38(6) :462-467.

SPADARO S, BERSELLI A, FOGAGNOLO A, et al.
Evaluation of a protocol for vancomycin administration in

China Pharmacy 2022 Vol. 33 No. 14 - 1785 -



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

- 1786 -

critically patients with and without kidney dysfunction[J].
BMC Anesthesiol,2015,15:95.

BARBOT A, VENISSE N, RAYEH F, et al. Pharmacoki-
netics and pharmacodynamics of sequential intravenous
and subcutaneous teicoplanin in critically ill patients
without vasopressors[J]. Intensive Care Med, 2003, 29
(9):1528-1534.

B A8 B A E DI RETCHER R B R T iR
I T BB M2 A I RIs2 [T, 7R [ 25 15, 2020, 31
(21):2650-2655.

GOBOOVA M, KUZELOVA M, Fazekas T, et al. The im-
pact of therapeutic drug monitoring (TDM) in optimizing
dosage regimens of gentamicin in patients with augmen-
ted renal clearance[J]. Int J Clin Pharm,2016,38(2) :596.
NICOLAU D P,FREEMAN C D, BELLIVEAU P P, et al.
Experience with a once-daily aminoglycoside program
administered to 2, 184 adult patients[J].
Agents Chemother, 1995,39(3) : 650-655.
FALCONE M, RUSSO A, VENDITTI M, et al. Conside-

rations for higher doses of daptomycin in critically ill

Antimicrob

patients with methicillin-resistant Staphylococcus aureus
bacteremia[J]. Clin Infect Dis, 2013,57(11): 1568-1576.
UDY A A,ROBERTS J A, BOOTS R J, et al. Augmented
renal clearance: implications for antibacterial dosing in
the critically ill[J]. Clin Pharmacokinet, 2010, 49 (1) : 1-
16.

SIME F B, UDY A A, ROBERTS J A. Augmented renal
clearance in critically ill patients: etiology, definition and
implications for beta-lactam dose optimization[J]. Curr
Opin Pharmacol, 2015,24:1-6.

HUTTNER A, VON DACH E, RENZONI A, et al. Aug-
mented renal clearance, low B-lactam concentrations and
clinical outcomes in the critically ill: an observational pro-
spective cohort study[J]. Int J Antimicrob Agents,2015,45
(4):385-392.

FELTON T W, HOPE W W, LOMAESTRO B M, et al.
Population pharmacokinetics of extended-infusion pipe-
racillin-tazobactam in hospitalized patients with nosoco-
mial infections[J]. Antimicrob Agents Chemother, 2012,
56(8):4087-4094.

DE WAELE J J, CARRETTE S, CARLIER M, et al. The-
rapeutic drug monitoring-based dose optimisation of pipe-
racillin and meropenem: a randomised controlled trial[J].
Intensive Care Med, 2014,40(3) :380-387.

AKERS K S,NIECE K L, CHUNG K K, et al. Modified
Augmented Renal Clearance score predicts rapid piperacil-
lin and tazobactam clearance in critically ill surgery and
trauma patients[J]. J Trauma Acute Care Surg, 2014,77(3
Suppl 2):S163-S170.

QUINTON M C,BODEAU S,KONTAR L, et al. Neuro-

toxic concentration of piperacillin during continuous infu-

China Pharmacy 2022 Vol. 33 No. 14

[32]

[34]

[35]

[38]

[40]

[41]

sion in critically ill patients[J]. Antimicrob Agents Che-
mother,2017,61(9) :e00654-e00617.
ROBERTS J A,UDY A A,JARRETT P, et al. Plasma and
target-site subcutaneous tissue population pharmacokine-
tics and dosing simulations of cefazolin in post-trauma
critically ill patients[J]. J Antimicrob Chemother, 2015, 70
(5):1495-1502.
JOYNT G M, LIPMAN J, GOMERSALL C D, et al. The
pharmacokinetics of once-daily dosing of ceftriaxone in
critically ill patients[J]. J Antimicrob Chemother, 2001, 47
(4):421-429.
LIPMAN J, WALLIS S C, BOOTS R J. Cefepime versus
cefpirome: the importance of creatinine clearance[J].
Anesth Analg,2003,97(4):1149-1154.
LIPMAN J, WALLIS S C, RICKARD C M, et al. Low
cefpirome levels during twice daily dosing in critically ill
septic patients: pharmacokinetic modelling calls for more
frequent dosing[J]. Intensive Care Med, 2001, 27 (2) :
363-370.
CONIL J M, GEORGES B, LAVIT M, et al. Pharmacoki-
netics of ceftazidime and cefepime in burn patients: the
importance of age and creatinine clearance[J]. Int J Clin
Pharmacol Ther, 2007,45(10) :529-538.
NOVELLI A, ADEMBRI C, LIVI P, et al. Pharmacokinetic
evaluation of meropenem and imipenem in critically ill
patients with sepsis[J]. Clin Pharmacokinet, 2005, 44 (5):
539-549.
TROGER U, DRUST A, MARTENS-LOBENHOFFER J,
et al. Decreased meropenem levels in Intensive Care Unit
patients with augmented renal clearance: benefit of thera-
peutic drug monitoring[J]. Int J Antimicrob Agents, 2012,
40(4):370-372.
LAMOTH F, BUCLIN T, CSAJKA C, et al. Reassess-
ment of recommended imipenem doses in febrile neutrope-
nic patients with hematological malignancies[J]. Antimi-
crob Agents Chemother,2009,53(2) : 785-787.
ROBERTS J A, LIPMAN J. Optimal doripenem dosing
simulations in critically ill nosocomial pneumonia patients
with obesity, augmented renal clearance, and decreased
bacterial susceptibility[J]. Crit Care Med, 2013, 41(2) :
489-495.
ROBERTS J A, COTTA M O, COJUTTI P, et al. Does
critical illness change levofloxacin pharmacokinetics? [J].
Antimicrob Agents Chemother,2015,60(3) :1459-1463.
KHACHMAN D, CONIL J M, GEORGES B, et al. Opti-
mizing ciprofloxacin dosing in intensive care unit patients
through the use of population pharmacokinetic-pharmaco-
dynamic analysis and Monte Carlo simulations[J]. J Anti-
microb Chemother,2011,66(8):1798-1809.

(ki H 39 : 2022-02-08 & 1al H i : 2022-06-06)

(St - AR AH )

FPEZG 2022 4E55 334555 1410



