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Antimicrobial Therapy for Infections Caused by Carbapenem-Resistant
Gram-Negative Bacteria

Yu Mi Wi and Cheol-In Kang
Department of Internal Medicine, Sungkyunkwan University School of Medicine, Seoul, Korea

Carbapenem-resistance emerging in Gram-negative pathogens, such as Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Acinetobacter baumannii, has become a major human health problem globally. The therapeutic options available for carbape-
nem-resistant pathogens are very limited. Antibiotics such as colistin, tigecycline, fosfomycin, and aminoglycosides are often the
only ones that can be used to treat carbapenem-resistant pathogens. Carbapenem may still be an option in certain circumstances.
The administration of combination therapy for carbapenem-resistant pathogens is controversial. This review presents the current
knowledge of available antimicrobial therapeutic options for infections due to carbapenem-resistant pathogens in Korea.

(Korean J Med 2018;93:439-446)

Keywords: Gram-negative bacteria; Carbapenem; Drug resistance; Treatment outcome
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(carbapenem-resistant Enterobacteriaceae, CRE), 7}u}|ddl Al
A. baumannii (carbapenem-resistant A. baumannii, CRAB), 7|4}
Al WA P. aeruginosa (carbapenem-resistant P. aeruginosa,
CRPA) Al atE5 AESHA Het wheba & AAlolA= A
AIAA ez H2iet EA417F HaL Q1= carbapenem WA 1%
=73t el a4l CREQF CRAB, CRPA 4l o= 214
o A Azl disiA =olskalat gk

Ly 71

IEeAdetel it o] diet WA 7151 =LA non-car-
bapenemase producing¥} carbapenemase producing®. 2 U
4= gtk A= A3E @]9l (outer membrane protein) 2] H
3}, penicillin Z 3}k #¥(penicillin-binding protein) 2] 23t= 3
< U Hol, f-5H Z(efflux pump) ] = B 52 oF
713}o] ©= 52 Extended-spectrum B-lactamase (ESBL) =
AmpC B-lactamase®} “sHtsto] 7Y WS S5 €
o Sk s a e A7 Bafak 4 gl F4el carbape-
nemaseS 4O =N T WS UEh=dl -2

2} CRE: Kiebsiella pneumoniae carbapenemase (KPC),

Guiana extended spectrum f-lactamase (GES), New Delhi metal-
lo-p-lactamase (NDM-1), Verona integron-encoded metallo-3
-lactamase (VIM), imipenemase (IMP), oxacillinase (OXA)-48
5=, CRABE= OXA-23, OXA-51 52, CRPAE= IMPL} VIM

type 52 carbapenemaseS AJAATOZH Ml PAS

LERATE Carbapenemase producing WA w5+ plasmidS
golo] the FE WS AL 471 o] o= Bl

HollA Hzet ZAI7F =il EHS.6].

ASH
o= )
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Selfel 31719 Wele) BlojelE Susks 27t PR
U4 A X (Korean Antimicrobial Resistance Monitoring System)<]|
U= 2015 P aeruginosa®] TRt ZHtAN] Wi4dE- 35%0]1w
A bavmanniiol| ThRt 7R W42 85%0] o] EE{7]. o]t
Ay WHe Aesl gee dosle AuAw
(Enterobacteriaceae family)ol| <53}+= Escherichia coli, Klebsiella
preumoniae, Entercobacter cloacae ‘g1 72 A-Eo|Ax= Ealv}
=31 =, ol A= 2010 A3 CREZF Bars o] 58],
e olmrdelA Ao s BaEchrl 20158 =

Aoz F43] FAEE A 0tH6).
X2

Zhabd ol WAS Hol= T8-SA
Adolgta steete o2 Ald A d
o] lom FoJ7} 715317] wiol sulbactamo]] 7H=
0]= CRABS} aztreonamo]] 7<=/ H.o]:= CRPA 7+

Zzre] GAAS Ao TR 4 olrk S
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tlo |

T o\
fr rlo
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colistin, tigecycline, aminoglycosides, fosfomycin 5 SHg % 3
A oRE 2448 wol T glo] FAA Adelo] gL At
[9-11]. Zhulsly) RS AT HISe) A7 YHL Aad
AHE WA B2 YSE FAAS Hejste Bt 2
B3, gF 291, A3 R FIGS wefstel aUay &
WRkase Ak,

Colistin& polymyxin E lipopeptide] g4 o]k, o3t
£o] ageAdteol a7t 1Y Proteus spp., Providencia

Mo

spp., Serratia marcescens, Morganella morganii, Burkholderia
spp.oll FtElo] lom It dtat F7latoll® Fateol
RITHI213]. Zhuboly) v kel dalk e
o g & F4Ae Wolw glof bl Wy g
dat A 28] 72 o] FaL UTH14]. Colistine W]/ -
&2l colistimethate sodium (CMS) .2 Al Eo %] o] coli-
stin® 2 HUjoflA WHElEel 1 a3 YERHTH12]. Colistin
o] - Fef2l CMSE] T Aol A colistin .2 HEH
&7] Hofl vj A= IL colistin ©. 2 0] HEIE= =] X7 AJZFA|
z27] Fohgd= ARgshe Aol Sastt1s]. sl +F
E= CMS+= 8-3F9] colistin base activity (CBA) 7]&0.2 &
oj9le] &4 glo] colistin §7F O 2 FEhslo] Foj7} 7h53t
o). Colisting] 24t Fof ol oAl oixa] A7}
AT glow] ole] IFelA thi The Fol gk Ush
3 QITH16,17]. PK study group2 2017 colistin®] &+ &1}
of AAR Al st =4S ST AW =7 A
T FHE = 71E HolE[171E A colistin®] AU
W+ 5= 2 H(an average plasma steady state concentration of
colistin}& 2 mg/L= st} 22 Fof G2 Attt
(Table 1) [16]. Colistin2 colistin &4 I A|| &= (minimal in-
hibitory concentration, MIC)2] 6410} dl|dol= 2F&E Hof
A 7 AAIAG A 0] ARolA] hetero-
resistance wt=7F A 4= qlo] ©= A BA| A= A9 7t

570l AET12,13]. wEhA A= A 3 Ug dEe
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Table 1. Suggested doses of colistimethate for various categories of critically ill patients

Dose Category of critically ill patients

Suggested dose of CBA (mg)

Loading dose All patients

Maintenance dose” Not on renal replacement

On renal replacementb

Intermittent hemodialysis (HD)

CRRT

Equation 1: Css,avg target (mg/L) x 2.0 x ideal body weight (kg)

Equation 2: Css,avg target (mg/L) x 1000048 ¥ Crel 1823

The baseline daily dose: 130 mg/d

The supplement to the baseline daily dose: add 10% of the baseline
dose per 1 h during receipt of renal replacement

Non-dialysis day: 130 mg/d

Dialysis day supplement: add 30% or 40% to the baseline daily
dose after a 3- or 4-h session

During CRRT: add 10% per 1 h of CRRT to the baseline daily
dose;
the suggested CBA dose is 440 mg/d

CBA, colistin base activity; Css,avg, average steady-state plasma concentration of colistin; CrCl, creatinine clearance (mL/min); h, hour;

d, day; CRRT, continuous renal replacement therapy.
"Daily dose administered in 2 divided doses 12 h apart.
*Based on the use of Equation 2 and setting CrCl =

0 mL/min and Css,avg =2 mg/L.
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dez slE s 7 7 ghell Abolzh glIITH34]. 8
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]-15:11
o
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2E9S 1) 92%e] AFES Hor] of AR 1E
& tigecycline2 AR2-51ITH36). 22222 tigecyclineS
2] 71, B 7hodo] AMLshE] pE=S Euleh 2=
19191 7-90] T AL A2 A} FHsAe] Slol Wake
o ALG-E Tlof Bk FE HAEL 7o 5
o 1 /el 57 T 198 A=l W= H|w A &5}

Aminoglycosides= 1324+ ZA9Z 27 a3t o
&+ St= AR AR AT A
7] el 8 20AE AR5 AHA %
ojx 7P538lc)k CRE R 271958 tJAFC & polymyxin B
tigecyclinext H| w3} w n|YE3Hy FHo| 71 43
RO Uetdth3n). 2271 Sl B Watayos
AFEE] =1 50 case?) colistin WA CRES tjAtoz gk o3t
of| A= gentamicing Z 5 YA H a2 Ho| gentamicinS:
ESSHA] o2 el Hiske] AR5 E2 AMES 2
H=d](20.7% vs. 61.9%), gentamicin MIC < 2 mg/Loj|A] 1
a7k Zch38]. A=2%2 2 aminoglycosides= R Z7ES
A 7oA T FAE 1T 5 flow, 22 Qo=
e os Fojsty] b YS ZRH -lactam A E
YA 2} aminoglycoside A2 FIAE HetoliA Fofsk= B¢
Ao BTt Qlon R A fHAd AR A ‘intermediate’

e Bl Blactam AE *MVP Actd p-lactam7| 31

Table 2. Dosing recommendations for carbapenem-resistant gram-negative organisms

Antibiotic Dose Extended infusion
Loading Maintenance
Meropenem - 2 gevery 8h 4-h infusion
First dose should be administered over 30 minutes
Sulbactam - 9-12 g/day 4-h infusion
(in 3 or 4 doses)
Tigecycline 100 mg 50 mg every 12 h Approved dose for abdominal infections and skin and soft tissue infections
200 mg 100 mg every 12 h Not approved by regulatory agencies
Pneumonia and primary bloodstream infection (consider combining with
another active antibiotic)
Minocycline® 200mg  100-200 mg every 12h  As combination therapy
Fosfomycin® - 12-24 g/day As combination therapy
(in 3 or 4 doses)
h, hour.

*Only oral formulations are available in Korea.
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