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XM&: Ertapenem< group 1 carbapenem®® ®EFHEE= YAZ
I o v eFet e8] &4 (extended-spectrum B —lactamase, ESBL)
A ANAIAF 22 Aol group 2 carbapenem¥} ¥4 HiE T
I3y, ESBL A FUA+ A9 A5 group 1 carbapenem}
group 2 carbapenem® A& @ ¥E vt YA AF7F F=5H)

MR 2013978 20209704 Al He] ths el ESBL 444 E.
coli &dZo] 2As] group 1 carbapenem X3 group 2
carbapenem % 3 7}A] group®] %73t carbapenemlZHF X ZHFS
184 o]} #AE At or A ATE Al 9 wie

4} 96A1ZF  QFel  carbapenemS Al &Eo]  48A)17F o)A} AFEE

AAESFZA, AL 293 FF WIS G & ool wet
309 Aol digh skl A4S Aldeit olxF HUF WgE BE
dele] ot 7L 74A 9] AMgES #9138k AL, carbapenem AlZ 90
Qkell carbapenem WA FuUlM 2 Pseudomonas®}t Acinetobacter
species® #5E¥ Clostridioides ditficile 85%5 vst3itt. 30Y
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by log-rank test). =2~ 3|9 ®BAES AYFS Wl group 1
carbapenem AF£o] ESBL %A E coli 4#8Z9 309 AHY 93829
Ax= olYQltt  (hazard ratio[HR]=0.73, 95% confidence
interval [CI]=0.29-1.81, P=0.50). UHZF 2~ 37 &BAS

1S W% group 1 carbapenem AREo] 30 A}Ee] & elixr}

;O

ol ith (HR=0.68, 95%CI=0.25-1.84, P=0.44). 30 A}de] gt

& BN A FFEE, AEESHEAL " AL
W2 group 1 carbapenem¥} group 2 carbapenem? &9 zpol:=
Ak 74 AVG EA oA E group 1 carbapenem©®E X H k= A0]
AP flEatm gl A eFsktk (HR=2.02, 95%CI=0.37-11.01).
Group 1 carbapenems F°F w2 3z FolA group 2
carbapenem= F<F w2 3ix}io]  H|E  carbapenem WAl
Pseudomonas®} Acinetobacter speciess 27 53T (5.6% vs.
13.7%, odds ratio[OR]=0.37, 95%CI=0.15-0.93, P=0.034). C.
ditficile?} (6.3% vs. 8.9%, OR=0.70, 95%CI=0.27-1.79, P=0.45)
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4.8%, OR=0.98, 95%CI=0.31-3.13, 7 =0.98).

AZE: ESBL %A E. coli #8F|A] group 1 carbapenem¥ group 2
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1. Extended-spectrum A —lactamase A U A

a9 A&

Carbapenem+< extended—spectrum f —lactamase (ESBL) A4
FUlAE A ARl dxpHer FHEH= FAACITH
Carbapenem©] ESBL A 5ol disix AP dod azts
Hola oz A AFedM= Xs mZH7E FRAEHUAY] wEolth
Piperacillin/tazobactam ¥} T beta—lactam/beta—lactamase
inhibitort} cephamycin Algel A= HPHNA ESBL B4
7ol EIE HolAWE I HLrt daEA &1, A5 T Aol e
e g vk ek dew FolRu A AgelA gt T A
oro} carbapenem©] ESBL A4 ZAUA4 I EF: AER
A A = AT,

ESBL Ad FuUATe FHSE carbapenem?®  AFS-9]
solyds AAAA SR carbapenem W/ iAol EFo] wAI7L
3tk olo] carbapenem AMEHS ZFoldi: ¥ ddoz ESBL
A AWM el carbapenem= tHAlS W FAAAE izt

=4 E3] piperacillin/tazobactam¥ 72  beta—lactam/beta—
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lactamase inhibitor2} carbapenem? &= HWdIE= A7} Zo]



Ay AT AF Ao A= piperacillin/tazobactam®] carbapenem¥}
H 23 a95 7Hvda Basiglev(2-4), wvitfe] Aae gloA
gt A8S uel”] o# k(). 2018'd Harris 5°] ESBL A4 E
coli 8 Klebsiella pneumoniae 3% A5 meropenem¥}
piperacillin/tazobactam -l F2r¢] wjAste] X5 G3E v ush=
Agdd 7|3 AFE Aldgesisd, 309 AFEEC] meropenemS

7}

flo

ok who skxloll A 3.7%, piperacillin/tazobactam= FoF b
oA 12.3%% piperacillin/tazobactam®] meropenem¥} H] 1 &}¢]
AlEsA TIes wWEATIA e S 24 % A9 27
TEHEJT(6). o] A7+ olFE Y AFAHOE ESBL A FuiAlt

7+ A Zeof carbapenem©] Yx} X B2 FHEI AH(T).

ot

Carbapenem< &+ Wl w2t A 714 1= #75 &
Ql=d], group 19l¥= Pseudomonas®} Acinetobacter species®l U3t
gareo] gl ertapenem  $F ZREAIZF &3] A, group 29+
Pseudomonas$®t  Acinetobacter species ©d &g Hol Q&

meropenem, doripenem, imipenem©] 29, group 3o+ HEAH

YA EEAATHE S E S 7FAE carbapenem©®E  o}Z 9JAko]

==

= A sttt Carbapenem=> 1970d  Fykel] 7idd £ v

Al

Az ol oA 19859 imipenem=, 1996%°] meropenem=

S8ttt Ertapenem<> 20009 Zo /WA= oA sidd

+

group 2 carbapenem 2] W77} oA &FF g Wl FoRdt
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2. Ertapenem® ¢}&38t3} ol dh
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Carbapenem A]7ko] Aol Ao =r ot gyE yERdTY
adHA Uk, AAEEE (bacteriostatic) flEIAE 8
carbapenem?® FE7} MY HAYAFE  (minimum inhibitory
concentration, MIC) Bt} & AJgko] FFokibA o]l 20% o]ido] Hojof
3l (fTswic>20%, percentage of time that free drug level over the
MIC>20%) 2285 (bactericidal) I8iA+= 40% olio] Q- -Hct
(fTsmic>40%, percentage of time that free drug level over the MIC
>40%) (9). Ertapenem =% Z7]el 2743 AdleA] Alde oFFsh
AFelld= MIC7F 1 mg/L olskl #5<2l Aol ot & W 1g9

ertapenem< F2Fsk3

tlo

o ok 8AIZF B dF 2] ertapenem

FE7F MIC meh 37 fA80) AE4g W 2FA§ oFes AR

o
I

Al Zlol A E AT (10). AT FAAE AHESe A SA

-

A A4 A3 vwskel SEE AL o} Y& 5 Y, E3
3% B4 A5 kB AxY WHE s YA wFo] RERY

7 ATAD).
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Aoz X&BE  ertapenem? oz dh—

ok 8l oIG-= Table 1o YEFWTE 20050l Hgto] oA Eo] +=4<



W= 1599 Aol Al oW AR ertapenem 1lge Fokst &
HF 555 dH5HoR AP S v olde| Huy A Ay
Hlastel  ofgsh Ame zpolrh Slgivh(11, 12). Axet gl

H) W 3}o] ertapenem® #H 1 5% (maximal concentration, Cmax) 7}
vy, B¥ 8% (Vd, volume of distribution)® A& (CL,
clearance)o] © A S °olF FF5 dAE Yo w I v
ATolME Be AdE BAFAT13, 14). 55 SAbelA 8%
ertapenem= Fokste= A§ okEsl—okxd sl % (pharmacokinetic—
pharmacodynamic index, PK—-PD index)E&  HHA]7]=4]9
ol 1z} AlHE AFE AFHET ZFAoA 159 JAFEF
#d HE #3AE gdem  AFolA= AEFO ertapenem=
ARESEl S W AulAl e =TS ddHes do7v= A0+ MICo=
1#H39S W 2 ertapenem® FE7F A AEC] oFFsh-okg st

ARES WHAZIH O 1479 S HA"HAM FAEHNeE

ez Az 4839 ertapenem©] MIC7F 0.5 mg/L °]&te

@Fol teA AFAEe] oEel-okgst AEE WHAY|, 12799
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= gxEst]= olHu(12-15, 17-19).
T, dFE AFdME WAAS FxE AR =d (12, 13),

"olAsAe 4% FF gAdow Aa® Asdel k1 o ke

opet-ofesl Axe] mukdop Sz HAC] ATE nedtS

ertapenem= WA oA FATIA AFEE & JSA ] sk

T# %= SlTh

AEH AFolN £HE okEs-ores Axe Arrt AFHQ
aA Awel Agel bsdd BSH: Wom FAN FTUe

o] g3 Huk okxst mduls o]g3 EyIEE AlEHolA  (Monte
Carlo simulation)©] AF&% 1 =0, o] EAo|x= 384 okxsl—

ok&]
|

A%

A]

kK

o] B =& (probability of target attainment)©] 90%

ol’gel =

rlr

ALE AAE gHor #AA3cH(20). AA3 AU
Aoz dlo] A AFA S (body mass index) ol wel HExrdIES

gk Agold= ertapenems sHF ¥ Wl 1g Yo Fofd

=)

7 MIC7F 0.5 mg/L 7= A#E 719 (Towmc>20%)
BXTIEES 90% ool HARE AdAEe] 71Ee ((Tomic>40%)
Zxrdase MIC7F 025 mg/L oM E 90% mWtow
shlE Qth(21). 7S AJE tidoR AFgs = TE AT/ E
A2 HIHEE ertapenem LTHOZE MICZF 0.25 mg/l. 7HA=

ExgstEo]l (fTomic>40%) 90% ©]2olx 9 MIC”F 0.5 mg/L ¥
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A " ZEHIZLEE AlEECA ATME &Y ertapenem<
Fopslals W HREEEEATwc>35%)°1  90% ool o
H H &2k A ertapenem FoFo] @A Zlojgtal W IEHITH(24).
stAIRE, o] A= A dAS e Yo E Al oksst A+-o
A5E AtRer okFd RdEs FFHSI7] diEel F5 d¥
A= FdeHA AE&EA = & F vk HZel =l 11939
HAES A5 oidow AlfE AFelx= MIC7F 0.5 mg/L 7HAE
okEdt—okd st Am7t (Mhwmc>40%) WFo] =w nAEsA A5
Ay Es gAelM  AeHoldlas RSt shAwE o
ATelAeE a7t sHEAY A7]s AsE e SA7E A9 E o
To7l AdAer "ojxl At Qv Aol AT (19).
HbH o] group 2 carbapenem@ 3lU9l meropenemo] WA= T
shate] sk ofHdl—okgst ATt EdetAl AlWEHIA=H, TS
ArolA dA WA A 71 MIC=1 mg/L& A83i=
o] ER A1E= meropenem?] L2} LMo Z

EETYGEE (Tomc>40%) o 53] T2ttt AS HAFUT (25—
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Group 1 carbapenem A}Fgo] Qo] T thE 9+ X8 = UA
Hkd o] FEAolt). Ertapenem £% %7] 22 Ao|x ESBL AA

AWM 8% IAE ertapeneml® X 73+ EF ertapenem®

thet /g3t group 2 carbapenem? Widol E5H= S TN
U 757 efflux pump® wdolut porin loss¥ #A Qltkx

Hustlvh(38—41). A &% ¥ A axst @
W s gAlshs 219 oksst -y ARE UHAI= A%
ZQ38lth, A Ao wp= ertapenem= 3HF 3 W 1go®
Foket= §H ol A= ertapenemel 7/do] A 3tEl subpopulation®A]
Aggol dojd & Adee oFFEst—ofyst Ruls Fal Bistith(42,

43). olygd AFE TAR dYF AEIELS AT A AT
AAE A & high inoculum FHO|AY TEE AL AA E7He3H
Ak A= ESBL A4 AUlAd #49 A 50l ertapenems 1S HFO=E

FepsbAY v FAE fAHew Agshe Ae FAE

FEdw AAAA FF B9
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Table 1. Summary of Group 1 Carbapenem Pharmacokinetic—Pharmacodynamic Studies with Critical Ill

Patients

Setting (number Patients' characteristics

of patients)

Study design

Main findingd

2005, Germany  Inclusion: undergoing thoracotomy

(N=15) (12) for suspected lung cancer

Exclusion: existing lung infection,
a severely immunocompromised
status, unstable hemodynamic
condition, renal insufficiency (Cr>

2.26 mg/dL), hepatic impairment

Prospective single center

study

Total ertapenem were

measured.

lower Cmax, AUC and higher Vz compared to

healthy adults

2006, France Inclusion: early—onset VAP in ICU
(N =15) (15) Exclusion: renal dysfunction

(CrCL <40 mL/min)

Prospective single center

study

Steady—state free

ertapenem were

Satisfactory with unbound ertapenem
concentration exceeding the MICoo during 50—

100 % time

Favorable clinical outcome with 14/15




measured.

2007, Germany

Inclusion: early—onset VAP

Prospective single center

Free—drug levels were higher than MICgo of most

N=17) (13) study early—onset VAP pathogens (MICg0<0.5 mg/L)
Exclusion: severely for at least 50% of the entire dosing interval.
immunocompromised status, Total and free ertapenem
severe hepatic and renal were measured. Clinical success with 12/16 (66.7%)
impairment (CLCr <30 mL/min)

2009, South Inclusion: severe sepsis Prospective single center Extreme variability of the PK parameters

Africa (N = 8)

ad

Exclusion: hepatic and renal

impairment

study

Total and free ertapenem

were measured.

between patients.

All patients were satisfactory for fT>mic>20% and
six satisfactory for fT>mic>40%.

All patients survived.

10

&) 8t



2009, Germany
(N =6) (16)

Inclusion: intensive care patients Prospective single center
with anuric acute renal failure study
with extended daily dialysis
Total ertapenem were
measured.
Free ertapenem were

estimated.

Free drug levels were higher than MICs of most

pathogen MIC<0.5 mg/L) for the entire dosing

interval.

2010, Germany

(N =17) (23)

Inclusion: early—onset VAP Population PK modelling
using previous study
Exclusion: severely (2007, Germany)
immunocompromised status, Monte Carlo simulation
severe hepatic and renal

impairment (CLCr <30 mL/min)

PTA for bacteriostatic effect (fT>mic >20%) was

>90% up to a MIC of 0.5 mg/L.

PTA for bactericidal targets (fT>wmic > 40%) could

not be attained for MIC of >0.5 mg/L.

11



2011, France Inclusion: undergoing abdominal Prospective single center fTsmic for 70—100% of dosing interval
(N=20) (17) surgery for peritonitis study (10, intermittent 18/18 achieved microbiologic and clinical success.
and 10, continuous
Exclusion: renal insufficiency infusion)

(CLCr <40 mL/min), impaired

hepatic function Free ertapenem were
measured.
2011, France Inclusion: severe secondary Total ertapenem were High variability concentration between patients
(N =9) (18) peritonitis measured.

Exclusion: renal insufficiency

(CLCr <30 mL/min)

2021, Thailand Inclusion: sepsis Prospective single center PTA for fTsmic >40% was over 90% up to MIC of
(N=11) (19 study 0.5 mg/L.

Exclusion: septic shock, chronic Free ertapenem were All resulted bacterial eradication.

renal impairment measured.

Population PK and Monte

Carlo simulation

12



Cr, creatinine; CLCr, creatinine clearance; VAP, ventilator—associated pneumonia; ICU, intensive care unit; Cmax, maximal
concentration; Vz, volume of distribution during the terminal phase; MIC, minimum inhibitory concentration; PTA, probability of target

attainment; fT>wmic, percentage of time that free drug level exceeds over the MIC.

13



3. 71€ 4 479 A

A FA|AQ H"EgA A= ESBL A Al 7 X850

&

=
=

kA 931, group 1 carbapenem

XY

57 carbapenem< A% o=
¢l ertapenem< U} carbapenem®} o] H1dlx Quh(7, 44). o]+
Bl WA Uzo] 78 group 1 carbapenem©] ESBL A A+t
7+l X 7o group 2 carbapenem¥™ H]23 FHE HAFIE BE

A7+ (45-47), group 1 carbapenem® X& AJ&o] group 2

[

carbapenemel] H]3] g3t Aow RygE AF Ao ZAS}(48,
49). 19y, ESBL A AWAA 72l A group 1 carbapenem™}

group 2 carbapenem® A= A& vt A A AFE2 o

Aggel otk AAE FEe AT E43 94d 549

ayE AHFgeA vwstr] o#ElYth. Group 2 carbapenem® E
A ge gaE0] group 1 carbapenem . X TWHE dxlEof H] 3|
ZIAAge] TRV w1 %5 A9el ¥ wdH(49). Group 2
carbapeneme| H|&E Fol thsh Fatelo] glo] WS Fslolvt
A A st AejelA AT A Ao o AHAZHI group 1
carbapenemo] &5 #AAel theh A AR7F WA kskr] wiiEel 44

SAatEo]  Z]A Aol W FFol  gldF  FAe|A  group 2

FHA= JA AgE AF= T2 FHF 52 AFEE group



1 carbapenem¥} group 2 carbapenem® &% ZAI}E v w45,
47, 48). o]gl3t A% group 1 carbapenem A8 FOoE EFH
siatEo] %70 AAZA SdAWAZE group 2 carbapeneme AME3EHE=
A3}, group 2 carbapenem A& o2 EFEH IxREo] F7|4

A4 ARE=E group 1 carbapenem= ARESlE Flo] & EEH U

ofgAl Hlumde] H= F oAl BFE AT @9 AR avnE
At A AR A3t 7)ol Feokd AdA A wWEAA

Agdd, o fvedMe= TF @A7F 71%e]l xFEHIOW 9

ddT A7 30% A% EFHJAALGO), FHAM AFE AL H

T #HQl A= 557l Eekl v (47).

U Al= 20129 Clinical and Laboratory Standards Institute
(CLSD oAl carbapenem 7ol tist 7150 MAHA =M, sHte
ATE Agstas MY Aol ARE AR O AdE dA IdE
Ag3st7] oHTh oAE &9 2010d 7HAi=  ertapenemel ©id
AuiAlate] 74 719 MIC7F 2 mg/Le® @Al 0.5 mg/L &

Aol 7} QA

15



4. 479 HaA

Group 1 carbapenem®  ertapenem< 3}5 gt
gHoR o 7wtez A=Vt Jhsste] dArits E d

PseudomonasYt  Acinetobacter species®l t3r A A& ol

=4 F dve= ZAAel dw(B1). ¥y, ESBL
ol group 1 carbapenem® &¥}E group 2

adel uuwd I G A oY ATl =T,

Eorst

=2

rir

2

ali
K

o

A AUA

£y

carbapenem?]

carbapenem= F¢F W2 dxitel wlwd AZFZ AL ESEH Y

bES-ckelsl QTE AWNGES WE group 2

meropenem¥} H|W3}9] ertapenem©| T% EFAFof A

N
=2

BUlAlet ZFdelA group 1 carbapenem¥ group 2
A & vnE 9§ Q¥ Q77 Besieh

carbapenem?!

o o] FRAAC UF Anst PHeirh Wb, ESBL A4

whok ESBL A AuUAl+ el A group 1 carbapenem©] group

2 carbapenem¥} Hlwsle] Xz @¥el zholrl gtk dAl H#H

A7 2AE wdd 4 93, group 1 carbapenems $AAOE

AREsEe]l JQVIzbe o] o8 AEe a&4 AMES 7dE 5 Uk
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5. AT &3

2 A= ESBL A E coli #8%4 group 1 carbapenem}
group 2 carbapenem= FoF Wk 3x}o] X7 g7t zpol7) U=A]
ol 12 B Ale] o5 30 AFEE HlwslarAp ghrh ofxf AT
sHo® 27 AMgES wasy] f& 79 APEES Wk,

carbapenem WA M+ 3 Clostridioides difficile? 85%& W13t A}f

gt
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2!
2020 129 3197k E. coli it@Fo] #AS vk 184 o]t
S5 oz 34 A5 APt AT 73 T ASFC®E E
coli wtdZo] AT sxnt xIegleon A5 7|ZF F group 1
carbapenem X+ group 2 carbapenem % 349  groupy

carbapenem®t ARE-8tE, HH Wi HARE A 96AF qbell Alzts}oq

-

A8AIZF o)A} AFE-3E SIRES Ao ® &9t Group 2 carbapenem©l

2:3}+= meropenem, doripenem, imipenem< WA} AFES 3 £33}

=3 #dT A Agskslal, a3 54wl ddEel e FAAE
yeketol ARESE Sake FHE dF7F BEst Al FAdol

o

A=Ak Agaglol ATtelA Al 2lsitt.

—

oL

BoAte A e qgdTas 499989 522

&

oA dAqr R ddAelA #a JbsAel  flol dd A

o
0.

ATHAEIA F5& WAHAJT (YegAdTFaE HLdds W
Hallym Sacred Heart University Hospital 2020—12—009, Dongtan
Sacred Heart Hospital HDT—-2020—-12—-017, Kangnam Sacred Heart

Hospital HKS 2020—-12-011).
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4. Az A3e] B}

Az Frk MR 309 A AE oI RE Atk Aoy W
A e AL Golstel 30U B AE oiRE g,

w3k, okl C difficile 85EES vlw3dt7] 9& carbapenem FoF
904 oY C  difficile toxin enzyme immunoassay %+ PCR
AArLel A toxin AW B7F YA oR UL A C difficile FHo=E
Aolstaitt. Carbapenem AlZrellA 1@ A7LA C difficile 7+ 9]
shelel A= A ANA ALYk Y carbapenem U4 Al
A55S  Hlwsty]  $18l carbapenem U4 Enterobacterales,
Pseudomonas 1|3l Acinetobacter species’} carbapenem A] 4}
90 ol ZEA]l miekolut I AHAMAM FAEEHAEA e,
carbapenem Al&telA 1@ A7kA] Aoy ZFdo] U™ A=

L R DR

HEY W= B[S 2 A|A18Fe] Chi—square test B+ Fisher’s
exact test® Zg3sto] g vlusith. A5 W diEiAE

Mo SAol weh Wawh ZEAA wmh 95e ARG WE



A AISFL AL, student —test B+ Mann-Whitney U test® H] w3}t
A A BAA7I7F @ ZEES 309 A9 hazard ratio (HR)+&
Cox proportional hazard model® #2135} 11, wWHsgF FBA oA P
value 7} 0.2 o]stQl A2 thAsF A6 F71sA 309 A A3tol
Q= fEeIxE gty AEFEA SR log-rank testE 3
Kaplan—-Meier #2415 A]8)3}3t}. Hosmer—Lemeshow goodness—

of —fit testE ©o]&3dt o] A Hrbskdla M3 vF 344

o
Jo

(multicollinearity) sholstith. 2% 7} W=l carbapenem WA
M3 C difficile 85F2 vluye ZAAY BEAS ALY B

B 42 SAS 9.4 software® A 33T,
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1. 9+ 23

1. 749 944 &4
ATF71 7 E<F group 1 carbapenem AFE ol 3759 group 2
carbapenem ARE ol 1639Wo] EAIFUC AT A4 #A7] A9

5382l #xte] ddH EAHS Table 20 ¥AISAT. Group 2

carbapenem F°F 3} B] W 3}o] group 1 carbapenem F9F oA Hb

Ao gs 7zl @27 o AdY (0.5% vs. 3.7%, P=0.011).
w3, Aoty (0% vs. 2.5%, P=0.008) Ho]dS (4.0% vs. 14.7%,
P <0.0001) 7} $A% group 1 carbapenem oA © A Qltt.
Charlson® 7|AAS HAFes (FAFRHHEAFRHSD group 2

carbapenem oA t©l =9t} (4[3-7] vs. 5[4-7], PK0.0001). 7+<d

ok
b

o= 9kt 7+ Z}ol7t 1= H| group 1 carbapenem wolAE Q2
7ol 85.6% 0. F group 2 carbapenem 2 58.9%3¥ H]wsle] O

BT (P=0.012). <5 HEFolt HEY &= group 1

carbapenem oA © AA FHEEAT (46.2% vs. 62.0%, P

<0.0001). T=3F 309 AFEE©] group 1 carbapenems FoF we 3t
A4 59% = group 2 carbapenems FoF vk Fxpty)

(11.7%) wlaste] o wkt}d (P=0.015).

2.

o,

& A% AR At

Ak A4 #AA 7] 2dol Hosmer—Lemeshow test (P=0.89) 2}
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Table 2. Clinical Characteristics of Patients with ESBL-positive E.

Matched Cohorts

coli Bacteremia in the Overall and Propensity Score-

Overall cohort

Propensity score-matched cohort

Group 1 Group 2 Group 1 Group 2
carbapenem carbapenem P carbapenem carbapenem P
(n=375) (n=163) (n=127) (n=127)
Age (years), mean (£SD) 70.8 +14.0 725+ 13.6 0.22 734121 725+ 13.6 0.73
Male sex 119 (31.7) 70 (42.9) 0.012 55 (43.3) 50 (39.4) 0.52
Nosocomial acquisition 62 (16.5) 36 (22.1) 0.13 23 (18.1) 25 (19.7) 0.75
Underlying disease
Diabetes mellitus 167 (44.5) 63 (38.7) 0.205 50 (39.4) 53 (41.7) 0.70
Liver cirrhosis 22 (5.9) 10 (6.1) 0.904 6 (4.7) 7 (5.5) 0.78
ESRD 5(1.3) 2(1.2) 1.000 1(0.8) 1(0.8) 1.00
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COPD 2(0.5) 6 (3.7) 0.011 2 (1.6) 1(0.8) 1.00
Solid tumor, localized 57 (15.2) 24 (14.7) 0.887 18 (14.2) 22 (17.3) 0.49
Metastatic solid tumor 15 (4.0) 24 (14.7) <0.0001 9(7.1) 11 (8.7) 0.64
Hematologic malignancy 0 (0) 4 (2.5) 0.008 0(0) 2 (1.6) 0.16
Lymphoma 2 (0.5) 4 (2.5) 0.072 1(0.8) 2 (1.6) 1.00
Solid organ transplantation 1(0.3) 1(0.6) 0.51 0(0) 1(0.8) 1.00
Chemotherapy within 6 months 20 (5.3) 26 (16.0) <0.0001 12 (9.4) 13 (10.2) 0.83
Immunosuppressive agent within
6 (1.6) 3(1.8) 1.0 3(2.4) 3(2.9) 1.00
one month
Charlson  comorbidity index,
4 (3-6) 5(4-7) <.0001 5 (3-6) 5 (4-6) 0.21
median (IQR)
Charlson comorbidity index >3 295 (78.7) 149 (91.4) <.0001 113 (89.0) 113 (89.0) 1.00
Source of infection <.0001 0.56
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Urinary tract 321 (85.6) 96 (58.9) 96 (75.6) 93 (73.2)
Biliary 23(6.1) 35(21.5) 16 (12.6) 14 (11.0)
Other 31(8.3) 32 (19.6) 15 (11.8) 20 (15.7)
Pitt bacteremia score, median
1(0-2) 2.0 (0-3) <0.0001 1(0-2) 2.0 (0-3) 0.49
(IQR)
Severe sepsis or septic shock 173 (46.1) 101 (62) <0.0001 78 (61.4) 72 (56.7) 0.44
ICU admission 97 (25.9) 83 (50.9) <0.0001 59 (46.5) 59 (46.5) 1.00
Hospital stay (days), median (IQR) 11 (8-16) 16 (11-25) <0.0001 12 (9-17) 16 (12-23) <.0001
ICU stay? (days), median (IQR) 4 (2-7) 5(3-7) <0.0001 4 (2-4) 5 (3-10) 0.89
Mortality
Day 7 4 (1.1) 6 (3.7) 0.074 4 (3.1) 2 (1.6) 0.68
Day 14 12 (3.2) 13 (8.0) 0.016 7 (5.5) 7 (5.5) 1.0
Day 30 22 (5.9) 19 (11.7) 0.015 8 (6.3) 11 (8.7) 0.47
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Data are presented as No. (%) unless otherwise indicated. OR, odds ratio; SD, standard deviation; IQR, interquartile range; ESRD, end-stage
renal disease; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; NA not applicable.

8CU stays were analyzed with patients admitted on ICU.
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Figure 1. Standardized Mean Differences Comparing the Full

Unmatched Cohorts with the Propensity Score-Matched Cohorts
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3. FAA AE ¥
A A5 AR A Y Fro FAA A FHE Table 3]

Uelbdth A d4 ZA7] A AE 489S W carbapenem<

ol

AWA FAAAZ AFESE B 0] group 1 carbapenem K.t} group 2
carbapenem AR TelA O EUTH(29.9% vs. 50.3%, £<0.0001).

goulor AW AFe JlEow GAA FobAA e Abe Aatele

ol
o

W group 2 carbapenem oA group 1 carbapenem T2 A}

H] i Al FAAE T o] %) A5+

R

(T AT EY]1=5.5A7FH2.3-43.27 % vs.  20.4A17H[2.5-
72.27%F], P=0.004), carbapenem&® U© Zx7]°] A}&3sttt (16.3

A ZF[2.9-56.041%FH  vs. 46.7A)1ZF[6.0-77.641%H, F<0.0001). IE3H

o

group 2 carbapenem oAl 24A)7F 48A17F 72A17F W &¥pF <l
SGAA QL carbapenem= AFE3%F H]E©°] group 1 carbapenem -l
vl o =tk (/X0.0001). A3 A4 #AA7] S o]y st WFEo]

ok 7b zpol7} Q= AL #oladut (Figure 1).
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Table 3. Antibiotic Therapy Administered to Patients with ESBL-positive E. coli bacteremia in the Overall and Propensity Score-

Matched Cohorts

Overall cohort

Propensity score-matched cohort

Group 1 Group2 Group 1 Group2
carbapenem carbapenem P carbapenem carbapenem P
(n=1375) (n=163) (n=127) (n=127)
Antibiotic Regimen
Carbapenem as first antibiotic 112 (29.9) 82 (50.3) <0.0001 59 (46.5) 61 (48.0) 0.80
Other antibiotics as first antibiotic <0.0001 0.12
3" generation cephalosporin 123 (32.8) 38 (23.3) 31(24.4) 33 (26.0)
Cefepime 2 (0.5) 6 (3.7) 1(0.8) 4 (3.1)
Piperacillin plus tazobactam 44 (11.7) 23 (14.1) 13 (10.2) 18 (14.2)
Fluoroquinolones 84 (22.4) 10 (6.1) 21 (16.5) 8 (6.3)
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Other 10 (2.7) 4 (2.5) 2 (1.6) 3(2.4)
Time to active antibiotic from blood
20.4 (2.5-72.2) 55(2.3-43.2) 0.004 49 (25459) 4.8(2.2-48.8) 0.92
culture (h), median (IQR)
Active antibiotic within 24 h 197 (52.5) 112 (68.7) <0.0001 83 (65.4) 84 (66.1) 0.90
Active antibiotic within 48 h 238 (63.5) 128 (78.5) <0.0001 94 (74.0) 96 (75.6) 0.77
Active antibiotic within 72 h 281 (74.9) 149 (91.4) <0.0001 113 (89.0) 115 (90.6) 0.68
Time to carbapenem from blood culture
46.7 (6.0-77.6)  16.3(2.9-56.0) <0.0001 17.9(3.0-62.2) 20.9(3.4-67.6) 0.67
(hours), median (IQR)
Carbapenem within 24 h 140 (37.3) 92 (56.4) <0.0001 67 (52.8) 67 (52.8) 1.0
Carbapenem within 48 h 207 (51.4) 142 (71.0) <0.0001 80 (63.0) 84 (66.1) 0.60
Carbapenem within 72 h 275 (68.2) 177 (88.5) <.00001 104 (81.9) 108 (85.0) 0.50
Duration of carbapenems (days), median
10 (8-14) 13(10-17) <0.0001 12.0 (10-16) 11.0 (8-14) 0.004

(IQR)
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Total duration of active therapy (days),
13 (10-15) 14 (10-18) 0.007 14.0 (10-17) 13.0 (10-15) 0.05
median (IQR)

Data are no. (%) unless otherwise stated; SD, standard deviation.
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carbapenem AFgo] 7Y Aol A A}= oYl om (Table 5),

iy

AE BT ok 7+ 2ho)7} ¢lth (Figure 4).
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Table 4. Univariate and Multivariate Analyses of Risk Factors Associated with All-cause 30-Day Mortality Using Cox

Regression Analyses in the Propensity Score-Matched Cohorts

Variable Unadjusted HR (95% P Adjust HR? (95% CI) P
Cl)

Age 0.97 (0.94-1.00) 0.047 1.00 (0.94-1.05) 0.85
Male sex 2.02 (0.81-5.02) 0.13 1.26 (0.39-4.09) 0.70
Nosocomial acquisition 5.23 (2.13-12.89) 0.0003 3.62 (1.23-10.66) 0.020
Underlying disease

Diabetes mellitus 0.84 (0.33-2.13) 0.71

Liver cirrhosis 2.33 (0.54-10.09) 0.26

ESRD NA 0.99

Solid tumor, localized 3.47 (1.36-8.81) 0.009 1.75 (0.48-6.41) 0.40

Metastatic solid tumor 6.13 (2.33-16.16) 0.0002 2.98 (0.28-31.40) 0.36
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Hematologic malignancy 11.80 (1.57-88.80) 0.017 41.13 (0.87-2169.8) 0.066

Chemotherapy within six months 6.22 (2.45-15.82) 0.0001 1.95 (0.26-14.54) 0.52
Charlson comorbidity score 1.24 (1.04-1.49) 0.017 0.96 (0.67-1.38) 0.83
Source of infection <0.0001 0.45
Urinary tract Reference Reference
Biliary 0.70 (0.09-5.50) 0.73 1.42 (0.45-4.43) 0.55
Other 6.10 (2.42-15.38) 0.0001 2.36 (0.62-8.93) 0.21
Pitt bacteremia score 0.09 (0.75-1.32) 0.97
Severe sepsis or septic shock 3.80 (1.11-13.04) 0.034 4.10 (0.77-21.85) 0.098
Carbapenem
Group 2 carbapenem Reference Reference
Group 1 carbapenem 0.73 (0.29-1.81) 0.50 0.68 (0.25-1.84) 0.44

Cl, confidence interval; HR, hazard ratio; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; ICU,
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intensive care unit; NA, not applicable

8Adjusted for variables with P <0.20 in univariate analysis
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Figure 2. Probability of 30-Day Survival in the Propensity Score—

Matched Cohorts

Subgroup No. of Patients Hazard Ratio (95%Cl) F vaiue
Overall 254 H— 0.73 (0.29-1.81) 0.50
Place of infection acquired 0.066
Nosocomial 48 H——— 182 (051-6.45)
Community-acquired 206 - 0.27 (0.06-1.32)
Source of infection 0.94
Urinary 189 ::ﬂ:|| 0.73 (0.21-2.57)
Others 65 0.78 (0.21-2.91)
Severe sepsis or septic shock 0.84
No 104 Hi | 0.55 (0.05-6.13)
Yes 150 0.72 (0.27-1.94)

0 1 2 3 4 5 6
favors ertapenem

favors group 2 carbapenem

Figure 3. Subgroup Analyses for 30-Day Survival in the Propensity

Score—Matched Cohorts
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Table 5. Univariate and Multivariate Analyses of Risk Factors Associated with All-cause 7-Day Mortality Using Cox

Regression Analyses in the Propensity Score-Matched Cohorts

Variable Unadjusted HR (95% CI) P Adjust HR? (95% CI) P
Age 0.98 (0.92-1.04) 0.48
Male sex 2.86 (0.52-15.63) 0.22
Nosocomial acquisition 4.37 (0.88-21.67) 0.070 2.17 (0.41-11.59) 0.37
Underlying disease
Diabetes mellitus 0.29 (0.03-2.49) 0.26
Liver cirrhosis 3.94 (0.46-33.71) 0.21
ESRD NA 0.99
COPD NA 1.00
Solid tumor, localized 11.20 (2.05-61.14) 0.0053 6.72 (0.96-46.93) 0.055
Metastatic solid tumor 2.32 (0.27-19.83) 0.44
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Hematologic malignancy NA
Lymphoma NA 1.00
Solid organ transplantation NA 1.00
Chemotherapy within six months 9.42 (1.90-46.69) 0.0060 2.01 (0.28-14.27) 0.49
Charlson comorbidity score 1.22 (0.87-1.67) 0.26
Source of infection 0.11 1.0
Urinary tract Reference Reference
Biliary NA 1.00
Other 5.59 (1.13-27.67) 0.035 2.44 (0.41-14.59) 0.33
Pitt bacteremia score 0.80 (0.44-1.47) 0.47
Severe sepsis or septic shock 1.40 (0.26-7.63) 0.70

Carbapenem

Group 2 carbapenem

Reference
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Group 1 carbapenem 2.02 (0.37-11.01) 0.42 2.10 (0.38-11.80) 0.40

Cl, confidence interval; HR, hazard ratio; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; ICU,
intensive care unit; NA, not applicable.

8Adjusted for variables with P <0.20 in univariate analysis
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5. Carbapenem WA A3 Clostridioides difficile

55
Table 69l carbapenem WA A3} C difficile 85%5S eI

| —

Group 1 carbapenem oA+ 17 9], group 2 carbapenem olA+&
3ol o]u] carbapenem WA & Zta AT whEbA] ZH2F 1264,
12495 wdo® 3] carbapenem W4 e H5ES vwasiit.

Carbapenem Ul AUAH+S St =

-
o))
of,
X
ji3
o
ol
ol
b3
&
Jo
1o
g

zFol= @1tk (OR=0.90, 95% CI=0.31-3.13, P=0.98). Carbapenem
WA Pseudomonas®; Acinetobacter species+ group 1 carbapenem
oA 7 (5.6%), group 2 carbapenem ol 179l (13.7%)
5 E53lo] group 1 carbapenem oA O AA 53t (OR=0.37,
95% CI=0.15-0.93, P=0.034). C. difficile 7+99& carbapenem A}-&
A group 1 carbapenem F9F oA 3 o] &FAHtl Group 1

carbapenem F¢F 7oA 126, group 2 carbapenem F¢F ol A

o

12788 go 2 O difficile 855 HasAde uw oF #7F C
difficile B5E2 zFol= ATt (6.3% vs. 8.9%, OR=0.70, 95%

CI=0.27-1.79, P=0.45).
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Table 6. Acquisition Rates for Carbapenem-resistant Enterobacterales, Pseudomonas
Acinetobacter species and C. difficile Between Group 1 and Group 2 Carbapenem in

the Propensity-Score Matched Cohorts

Group 1 Group2
carbapenem carbapenem OR (95% CI) P
(n =126) (n=124)

Carbapenem-resistant

6 (4.8) 6 (4.8) 0.98 (0.31-3.13)  0.98
Enterobacterales
Carbapenem-resistant
Pseudomonas or 7 (5.6) 17 (13.7) 0.37 (0.15-0.93) 0.034
Acinetobacter species
C. difficile infection” 8 (6.3) 11 (8.9) 0.70 (0.27-1.79)  0.45

OR, odds ratio; CI, confidence interval.

The percent of patients was calculated after excluding patients who were already
colonized with carbapenem-resistant Enterobacterales or Pseudomonas or
Acinetobacter species.

“The number of patients for comparing the acquisition of C. difficile infection was

126 and 127 in group 1 and group 2 carbapenem, respectively.
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56). Lee w°] & A5 AAL} H]8kAl group 1 %+ group 2
carbapenemWt AFg3t 2447 9] ESBL AA E. coli & K. pneumoniae
+8% dxE YA Oe=E  group 1 carbapenem¥® group 2
carbapenem® FEIE v, FrelA 309 AFEES] Afolrt

AT AR o] AFtell= 30%9 EAE £ ddTe 2t AL,

-
\_‘

o

}\]'Bo]' ‘ﬂ@?lx}oﬂ T;HI_SH Tﬂ_—]{ﬂ%]! .E_{\j'?_ }\]3(])]_(:5]_

ac)

1 wek Wgef sk B Aol

A ekgkthE sAI7E Yrh(50). ©o]F Collins 5] 26142 ESBL

A E coli ® K. pneumoniae #38% 3AE g ow HAIHOZ

o

group 1 carbapenem¥ group 2 carbapenem< A}ME 3kA}F9},
A A O0F group 1 carbapenem¥} group 2 carbapenem= AFg3t
2o Am A3E 47 FA6ed, & v 1 WsE BAS =
FaolAd 90 AFEES] AFol7F (AT (49). o] ATE TS HE
ATEE w43t Wog HudS A5t group 1 carbapenem?]
& 3%7} group 2 carbapenem¥ x}o]7} Qitta HastP o X8 7|(F
T ARG Bludide] H= FA4AY dEFS mMAE & vk Aol

Qlal, CLSI® carbapenem #F

oX

71£ol WAE] Al AF

gt

ATAnh wEbA dA el V1= Ao AdE 2R A=

ol H T} (45, 46, 48, 49).

e
)

A AFEE 1 QlE carbapenem® MIC 7|+ ZA£3 A7

Fo

K

sty gl=dl, INCEMENT ZzAEz {3 12719 Y& o

o,

2004 3F¥E 201397t%] ESBL A4 A+ #8529 3 I35 E

i
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o] &3t AFo|th(47). o] ATl E A HAe BAVIE F ESBL
A ANAlT wEFo] waE 88%4e AE e R BAS sGle
W &4 A X FZZE group 1 carbapenem¥ group 2 carbapenem=
ARESE gh2te] 309 AFEES] AfolZb givtar Hoarstelth AR, A=
717t % group 1 carbapenem¥ group 2 carbapenem & Ut AF&3H
gatso] xsrEo] WHES FA7F A0t Group 1 carbapenem 9
xtE 359 15.9%7F BP A A EE group 2 carbapenem<

, olg@A  ¢kFo carbapenemE REF AME3 $x17)

ol gt A =&dto] A A NFHEE Fol7] Sl AT A
T7F AoA = 9SS 7Hstal group 1 carbapenem® group 2
carbapenem= &7 ARG SAES Aeste] ®la o] He
A S WA = AATHGET).

o] Ao HAAFAES] group 2 carbapenem®E X ZHEE

$2 3} group 1 carbapenem® @ X BRFE At Alolo= 7Y

1o

TRt 7AAEe FFEolA Apol7t UUATHA47, 49). Ertapenem
T x7)e oy MEvbsel 4 AR FFoE T35 ESBL A4
YA+ A9 Xz group 1 carbapenem©] o} group 2

carbapenems AFESIEE HSGITH(, 58). B AFAME AT
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A AA7] s7] Ao S vlus|®W group 2 carbapenems FF

gl = AT Al IAARHCcR Wik WeE RAN Sl

ESBL AA AUAd #8F5olA group 1 carbapenems AFE3sh=
Aol A7t Fvke ARE B A77F A=, olE group 1
carbapenem® X5 @37} group 2 carbapenem X.t} $-E3jA7}
ofyel el ol AR o] FoA A ¢rol AT o]
FTHs] HAEA ool HIFH Ayl v Zew HAT(9). #H

AFeN AL a9 g ATeh el mmrhge] Hi F A FFol

nA= oy fFRIAE A= Aeebd ddE YEsiAl vlawst]

% daolA group 1 carbapenem®] group 2 carbapenem¥}

Hlwate] 77l WelnA kAol dalNE AES 7] gtk B

[

ATM FF #ZE A7t 60% d= EFEHJL Y 1w BHES
39S wxE F5 A9 A olr EA  group? carbapenem
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okl AfoM= FTF FAelA group 2 carbapenem$!

meropenem®] ¢FEst—okds X E FHAZ|= WM group 1
carbapenem Xt 58-S &dd £ UAAT 2 AFA = group
1 carbapenem®} group 2 carbapenem oA 30%, 74 AEH O
zkol= &1k 4= Slth. oli= ertapenem©] Adldo® A ARGt

Ao BAME WA BuHE §U §FOR FEI-oy

£

Axel E@sted RESHA @opd A & k. Az HFA
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A= F7HAQ Aol d FHo] wHolof & Aow ®mln, HEd A
pneumoniae®l 7% E. coli BT+ carbapenem® MIC7}F ¥ tha
ad## Qo] ESBL WA K. pneumoniae Q=N E group 1
carbapenem®] group 2 carbapenem¥ FU3 X T AFAE HUAA
X = F7FA1 A7 B asttt (63, 64).

Group 1 carbapenem<> PseudomonasSt Acinetobacter
species®] W3t o] QlojA group 2 carbapenem} H| 1 3}o]
FAA Ae gEE Fo] F44 & (collateral damage) & =Y F

2 AFoAE carbapenem WA FUAl9]

JEEE Y zpol7F il carbapenem WA

fl

PseudomonasYt  Acinetobacter species 35E0°] group 2
carbapenems ARESE oA O =Skth FuUe] dF ) E ef A

group 1 carbapenem< group 2 carbapenem XUt $AZFOF

A

ARESIEE ot A AFoEA ZEIOHS B9t & A5 Ay
37 Il oy,  Acinetobacter baumannii % carbapenem WA

w58 HlEo]  Aasivkal BASEIY(65).  f=elM Al
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Abstract

Comparison of Thirty—day Mortality Rates in
Patients with Extended—Spectrum B
Lactamase Positive £. coli Bacteremia
Receiving Group 1 versus Group 2

Carbapenems

Younghee Jung
Department of Internal Medicine
The Graduate School

Seoul National University

Background: Ertapenem, the only group 1 carbapenem, is one of
the carbapenem recommended for the treatment of extended-—
spectrum  [—lactamase (ESBL) —producing  Enterobacterales.
However, there is limited data for clinical study for ESBL-
producing FEnterobacterales treatment with ertapenem compared to
group 2 carbapenems.

Methods: A multicenter retrospective study was conducted from
Jan 2013 to Dec 2020 at three university—affiliated hospitals.

Patients who aged over 18 and received only one group of
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carbapenem (group 1 or group 2 throughout treatment for ESBL
positive E. coli bacteremia) were enrolled. Patients who started
within 96 hours of blood culture collection and received for more
than 48 hours were included. To balance between the two groups
one to one propensity score—matching was done for the analyses.
Age, sex, community or nosocomial infection, underlying diseases,
severity of sepsis and antibiotic usage were matched between the
groups. The primary end point was thirty—day all—cause mortality.
Subgroup analyses assessed the associations by the presence of
nosocomial infection, severe sepsis or septic shock and infection
focus (urinary tract infection or not). Secondary outcomes included
seven—day all—cause mortality, Clostridioides difficile infections,
and emergence of multidrug—resistant gram-—negative bacteria
within 90 days of initiation of carbapenem. Survival analyses were
done for 30—and 7-—day mortality and Cox regression analyses
were used for the risk factor of mortality.

Results: One to one propensity score matching yielded 127 pairs of
patients from the total of 538 patients. There was no difference in
thirty —day mortality between group 1 versus group 2 carbapenems
in survival analyses (6.3% vs. 8.7%, P=0.494 by log-—rank test).

Use of group 1 carbapenem was not a risk factor for 30—day
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mortality in Cox regression analyses (hazard ratio [HR]=0.73, 95%
confidence interval [CI]=0.29-1.81, P=0.50) in the propensity
score—matched cohorts. After adjusting other variables, the result
was same (HR=0.68, 95% CI=0.25-1.84, P=0.44). Subgroup
analyses showed same results. In the seven—day mortality analyses,
group 1 carbapenem was not identified for the risk for mortality
(HR=2.02,95%CI=0.37—-11.01). Carbapenem—resistant
Pseudomonas and Acinetobacter species were more commonly
acquired in patients with group 2 carbapenem compared to those
with group 1 (5.6% vs 13.7%, odds ration[OR] =0.37, 95%CI=0.15—
0.93, P=0.034). Acquisition of C. difficile (6.3% vs. 8.9%, OR=0.70,
95%CI=0.27-1.79, P=0.45) and carbapenem—resistant
Enterobacterales (4.8% vs. 4.8%, OR=0.98, 95% CI=0.31-3.13, P
=0.98) did not differ between the two groups.

Conclusion: This study suggests that the efficacy of group 1
carbapenem is comparable to that of group 2 carbapenems in
treatment of ESBL —positive E. coli bacteremia. And the acquisition
rate of carbapenem resistant non—fermenter was lower in patients
receiving group 1 carbapenem than in those receiving group 2

carbapenem.

Keywords: ESBL—producing Enterobacterales, Bacteremia,
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Carbapenem, Ertapenem
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