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# # 6174079630 : MAJOR MEDICAL SCIENCES
KEYWORD: Meropenem, Pediatric, Critically ill patients, Extended infusion, Therapeutic
drug monitoring

Passara Maimongkol : THERAPEUTIC DRUG MONITORING OF MEROPENEM AND
CLINICAL CURE ASSESSMENT IN CRITICALLY ILL PEDIATRIC PATIENTS: A PROSPECTIVE
OBSERVATIONAL STUDY. Advisor: Asst. Prof. NOPPADOL WACHARACHAISURAPOL,
Ph.D. Co-advisor: SUVAPORN ANUGULRUENGKITT, Ph.D.,Assoc. Prof. WANCHAI
TREYAPRASERT, Ph.D.

Hospital-acquired infections due to multidrug-resistant Gram-negative bacteria (MDR-
GNB) are the cause of high morbidity and mortality rate in intensive care units (ICUs). In
addition, critical illnesses such as sepsis change the pharmacokinetics of antibiotics which
plasma drug levels may be subtherapeutic. Meropenem is commonly used for nosocomial
infections caused by MDR-GNB. Therefore, we aimed to compare the unbound plasma
meropenem concentrations at mid-dosing intervals (C,,,4, 50%fT), end-dosing intervals (Cy,, e,
100%fT), proportion of patients achieving 50%fT and 100%fT above MIC (50%fT,,,c and
100%fT. 40), clinical outcomes between extended infusion (El) and intermittent bolus (IB)
administration in a therapeutic drug monitoring (TDM) program in children. A prospective
observational study was conducted in children aged 1 month to 18 years receiving
meropenem every 8 hours by either El or IB. Meropenem C,4, Cy,o,qn @and proportion of patients
achieving 50%fT.,,c and 100%fT,,c were compared. TDM data from 72 patients with a median
age (IOR) of 12 months (3-37) were used. Meropenem dose was 120 and 60 mg/kg/day in El
and IB groups, respectively. Geometric mean (95%Cl) C,;, of El versus IB was 17.3 mg/L (13.7-
21.8) versus 3.4 mg/L (1.7-6.7) (P<0.001). Geometric mean (95% CI) C,,, ¢, Of El versus IB was 2.3
mg/L (1.6-3.4) versus 0.8 mg/L (0.4-1.5) (P=0.005). Greater proportions of patients achieving
50%fT,\c and  100%fT,,,c were observed in the El group. The results showed that
a meropenem dose of 20 mg/kg/dose given by IB should not be used in critically ill children,
even if they are not suspected of having a CNS infection. A dose of 40 mg/kg/dose given by El

resulted in higher C 4, Cy1ouqn, @and proportions of patients achieving 50%fT. ;,c and 100%fT, .

Field of Study: Medical Sciences Student's Signature ......c.cccoccveeviennnne.
Academic Year: 2021 Advisor's Signature ......c.cooevevenennenn.
Co-advisor's Signature .........cccceeeeeenee

Co-advisor's Signature ..........cccceeeeeene.
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ADR

Adverse drug reaction

ARC Augmented renal clearance

Cl Continuous infusion

CLSI Clinical and Laboratory Standards Institute

Crig Unbound plasma meropenem concentration at mid-dosing intervals

Cirough Unbound plasma meropenem concentration at end-dosing intervals

cv Coefficient of variation

ECMO Extracorporeal membrane oxygenation

eGFR Estimated glomerular filtration rate

El Extended infusion

FDA Food and drug administration

GA Gestational age

HPLC-UV High-Performance Liquid Chromatography-Ultraviolet

1B Intermittent bolus

LLOQ Lower limit of quantification

LOS Length of stay

MDR-GNB Multidrug-resistant Gram negative bacteria

MIC Minimum inhibitory concentration

PA Postnatal age

PTA Probability of target attainment

RRT Renal replacement therapy

SIRS Systemic inflammatory response

TDM Therapeutic drug monitoring

50% fT. ¢ Unbound drug concentration maintained above MIC of the known or
suspected pathogen for at least 50% of dosing interval.

100% T, e Unbound drug concentration maintained above MIC of the known or

suspected pathogen throughout the entire dosing interval.
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1.1. anudAywazinuvasleymnside (Background and Rationale)

msam%mwﬂﬁﬁ‘aLmiuauﬁaammwmu (multidrug-resistant Gram-negative bacteria,
MDR-GNB) Tl sswenunaifuanimgyiil il Sasmadeingelugiaging (1) wenanianisindelu
nszuadon (sepsis) ve3gfladngniita fomisadsiner Mudeuuladludsdawasionsivdsundasinds
aumansuoeUfimzitu mansznevessuazntsideeiiiiiutu Tasiavslutas 2-3 Fuusnves

! = o i o v & A vy o oa 179} o 1 ax
21msde (2) "UQNNﬁﬂi%V]UWE]S%WUEﬂs[,uwa']aln GN‘U‘ULNE]E&‘U'JEJ'JﬂQmI@iUﬂ?SiﬂU’WW'JEJEJWU{]%']‘H%W']@J

¥ v
N

wumslvigunfionaag i lssAve 1 §3usTunanaud L swesion1s§nwin1ein e sud 1148
a a | aa v & £ a o o o Y a & & |
wuafiSeunsuavaglwies W e (3, 4) dliuununisiieunesguiuusdidmiudUesaerniluly
anusaldiugthedngals ihludgm smuuaununsldeuftwellianuungaudmSugUeings (3)
Tagarfnsiansandmsdwesmandyaumanssa fudeyamandywamansuaden (5, 6) iy

Uszdnsnnlunssnen amviseteanunsnesnveddenuaiise (4, 7)

&1 meropenem WuguiTaurlungs carbapenems Badungugosnguwilmes beta-lactams
enguiasoumuluntsdutsuuaiieliatssiafsnuafidownsuuan uasnuafiiounsuau
anaerobes sTnl4$nwnsanideuuniiie MDR-GNB Tulsswenuna 1wy Enterobacterales, P. aeruginosa
wag A. baumannii \u@u (8, 9) 1 meropenem Lﬂuﬁlﬂumﬁu time — dependent bactericidal activity
Sedlenuamansalumssiletuiunmilssfueiluzudasy (free drug concentration) fidnuanniema
dudusanveseriiamsadudsenuaiFelé (minimum inhibitory concentration, MIC) (10) &
MW 518Lme35 PK-PD fe T, d1nsulsy Lﬁuﬂis?m%m‘wmiaaﬂqm%‘éﬁm%@Lwﬂﬂﬁ‘a Tne T, 7
#oamsdmiuen meropenem msilmegistioniigniesar 40 vesteszazamsvidsiiszsuelugy
dasvagivilosio MIC (T, Sevay 40) ﬁa%mmmé’uéy’u%ya@a%wiﬁ (11) :nmsfinwinslvenujioue
nu beta-lactams Tugiteingn wuindleffUeléduemavasaideasmuuung sdaa (extended
infusion, EI)Ima@’ﬂasﬁﬁszﬁumﬁﬂﬂmu PK-PD targets (T, $0682 50 waz 100) @unsoLfianadns
MM 53N bau Wﬂﬂdﬁﬁjﬂwﬁié’%’wmuwamaﬂiwzg’u (intermittent bolus, IB) (4) waganMsAnen
ndvaaumanivszrnsnslufiisinuazfluglngoifouuuiiaosw eufiniila (Monte Carlo
simulation) w5l meropenem wuu extended infusion daaliruinasudisesuenduly
#13 PK-PD targets (probability of target attainment, PTA) HunninnsldgILuY intermittent bolus
ToenamslunnyiidewuafiBedien MIC iudu (12-16) uenainilanidse meta-analysis (17) Sanunms
1#e1 meropenem WUU prolonged infusion (extended %38 continuous infusion) dauvinlAradwslu

ms¥nwUeftunasdnsnisidetinanas uwieg1alsfinuld haziluwnunsiewuulandliause

Buduinaziluwuuwmnislien g aufuiUeusias s1eld iesnnftemniitienensen ey
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Futhefiunne afuds danasiondyaa umnsveassauieses fueniiunnis fugne 019z viliiss fuendn
nUnG ey AueIgaRAUNg i funisnsednmusEiuen (therapeutic drug monitoring, TDM) 1Ju
Frsiuuzhdmsuldimusguuuunsliie beta-lactams AwszanAugiaeingald (18-20) uinsiin
TOM 81 meropenem fungugteniningad dlsidesnululsimeuiadiulvg Famsvin TOM o199z1du

a

Fafiuszavsnwlumsldhmaguuuumsliier meropenem iflanumnzanfivieinl ugiaisusg
fims¥nwdaee meropenem MU 3TBETe6 I3 TOM 81 meropenem ludtheshningsive
WiguLieUsEAUE meropenem 1u§U§aisﬁ mid-dosing intervals (C,.,, fT S08ay 50) wag end-dosing

interval (C T 398az 100) 521NN LAEIWUU extended infusion Wag intermittent bolus 34 N4

troughy

Wisusudndruusyannsnilseauendulumu PK-PD targets (fT,,,c 588@% 50 uay 100) Lagkaansns

SN NN9AATINTENININSEIAENTE 2 WU

1.2. Inquszaedn1s3de (Objectives)

IQUsTALA (Wan)

o TAUTIBNMIAMTUNTIVINTEAUET meropenem fetnalin HPLC-UV

. ewSuuiiieusyiiuen meropenem 7 mid-dose wa trough 91nN151¥eN meropenemn $e3a
intermittent bolus Kaz extended infusion

IngUszeen (509)

. Lﬁam'%smLﬁauﬁmﬁauéﬂasﬁﬁisﬁumﬂu fT_c 5088% 50 Lag100 315191 meropenem
e intermittent bolus ay extended infusion

. Lﬁam%smLﬁﬂumamﬁ%’ﬂmmaﬂaﬁﬂiwdwQﬂwﬁlﬁ%’uméﬁﬁ%‘ intermittent bolus tag

extended infusion

1.3. #UNAFUN15IY (Hypothesis)

o Fmsihanldlunsiasesiuen meropenem damnausiugngs

o 526UE meropenem vaagthefildgLUY extended infusion ganigthefilasusuuy
intermittent bolus

o deveslisanmsiiaseiammiees fT e 7 mid-dose wae troughlumjuéﬂ’mﬁlﬁ%’u
87UV extended infusion H3NNIINGY intermittent bolus

o doduvesthefisnuiléua (positive clinical outcome) Tunguifthefi3uguuy extended

infusion fixNnndnguEUaelaTuEwUY intermittent bolus



1.4. NFBULUIANIUIVY (Conceptual framework)
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Htheingafnidenuailiselisnsnisidedings

¥ ¥ '
o =1 a

1Weildns1N15AeEN meropenem LLT

ng1BannNvesE e IngaLUIUTIAHANSENURBLN YA UAIAN TUBIL1 meropenem

o

Yaguudalifiignisdwiunsiainszduen meropenem Tulssnenuiagunansal ann1walve

5

v

gnsien1sUTELIUTEAUE1 meropenem Tugigingn

zaugn meropenem ludUaeingmeraliiiieanasenissny

v

NAUTIBN150519TATEAUET meropenem lagldinadia HPLC-UV

bolus

o MIANTUNFYIAUANANTUTZYINTVDILN
meropenem WUINSIRELUU extended

infusion &A1 PTA g4n31 intermittent

. dilinudoyanisnsiafanusEAuen

!

}

A399AANATAULT meropenem Way
1 aa L7 & a
nan1s¥nwnenddntudtlediningaly

Tsangnu1agunnaensal MuuazuLuy

msdedu prospective observational

ATallaUINITNTIVINTEAY
81 meropenem dwiugUagdn

Sh)

meropenem luftheinnings study
AATITINATTAUYY meropenem Tnsedadiugtieniisyiven Usztliunanissnwmieadiln
—> —>
[
1Wulusnu PK-PD targets

wwanalumsuiuguuuunislien meropenem Tiiflaumnzandmiuitennings
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1.5. nauszleviifinnnd1azlduaineudde (Expected Benefits and Application)

Lesnsnsiainseiuen meropenem NANUgNAoIwiugT wazaunsathluldlaasalumeadiin
ladeyaseAug1a1nn1slvien meropenem MEIUIAKAYIBNMIUTMSETUANAATTY

<) [ 4 v Vv '
anusaiduiuInslumsuiugduuunsivien meropenem liflanuweausiegUisusiag e
anusaUaduuinislddmsunsafinnusesiuen meropenem Tugthe iWensuuuumslveni

wigauiugUieustay e

1.6. ToWAN5UINUIILS55U (Ethical consideration)

NITBNasErInieasesIuluAu 3 U8 A9l

vdnanumsluyeea: §idoeslvteyaiferiusidesnansuiu oud nquszasiveasnide
Fmveaes warmnuidsssuaanainsiilafuedisiuardedulasesdasslumslimudugen
dhsailumsite nufideasfiutoy avesidrinido Summuduld Damedoyauias sy
Alenneeteand 18 U 389z vemuBuseuanfunulaeveusssy wazihneigiiu 71
awfidlii assent awfiumInBuyenveIdunulaevausssu mnwvnluaunsalieuduseuly
gy o19vesniiul psromuBusoN gLl AsTe ST DALY
wanmislyisglenilaneliindunsie: fidrsaunifideaslilasuysslenilaensdla 9 9nnsidn
$lumAdendsd winamsnwmanewideiawsodl uidudeyalunisusuunumslien
meropenem Woidiasnzeas odfusadnsmanssnwildiuglaedningels

' o

winANU RSN : MIAaRany U linausin1sAnduae Aneenetedaau liuslend wagliiden

o

nausegedunesasanilliBugandnsunside visegUenlififouanidniou

1.7. AndAgy (Key words)

Meropenem, Therapeutic drug monitoring, Extended infusion, Intermittent bolus, Critically ill,

Pediatric
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UNN 2 NUNIUITIUNTTUNLNGIVDY

IMATEITEI MINTRANNLTEAUET meropenem warn1sUswLiluNan sinenedinluge
Wninge dionansuazauideietes freluil
2.1 Y83yagn meropenem
2.2 Rdedenasiondaaauaianiess1Ufiousluithedngs
2.3 URBTINZUBINULKNUNSLIYY meropenem NMSANILAEYaUmMansUTE sy
v s &
HUWARALYD

Av A

2.4 ATemRgaiuNsATRAnmMusEiuen lugeRne

2.5 ynAdeAngssiumaliafiansalddniunTainseiugn meropenem

2.1, %’ay’am meropenem

2.1.1. feyainly

2.1.1.1. aaudAmuniinazlasaiuasen(s)

3UN 1 laseaianianivedgn meropenem

. a o I3 a = a =
81 meropenem 2¢jlu3Uv8 meropenem trihydrate didnwazidunsdvifad@viaes
gou ansiallfe CHuN.OsS . HO dumdnluanawiiu 437.51 niudua 1lueinsvia

avagtud@ USRI IIaandanm Usynaumesignvuns 500 J8ansu vise 1 N3y

2.1.1.2. $ous¥ (8)
TSnnomsadensludin dlug) wastgeany dail
. UsndniaudnLdesuu
. szuumahumelafindeluitaelsadanin Inlusda (Cystic Fibrosis)
. Fademaduilaanizalisdudou

o Pnelutesvinsriadudou



o AaeNRIMaLarlATIES 19 RINI MU UTULDU
o WoruauIdnauIINMITARTRLUATISY
2.1.1.3. YUIALAZISTNISUSHI58T meropenem (8, 21)

AT meropenem NugdmuRUIBua Y3908 Aananslumsned 1 - 4

A19197 1 Mslvien meropenem Muugthdmsuglvguas oy

YUAVDINSAALYD YUINYILULUN

(Wiewn 8 w3la)

1. Yonsniauinioguuse 0.5 - 103y
2. faonmaiiulaanizaiindudou
3. AALTOTLELARDALAL NAIAGDN

4. HadenrinianarlAsaas 198 RINIwUUT UL DU

5. faeannnneseiudinienunaim (febrile neutropenia) 1 n3u
6. sruumahiumglafaelugUoe 2 nfu

1se@adin 1lusda (Cystic Fibrosis)

7. \ U0l aN I dNEuIINNSRATBUUATISY

A1579% 2 N33k meropenem Tuugihdmsuinery 3 Weu fs 11 U

YUAVBINTANLYD YUINBTLULUN

(lshemn 8 Hala)

1. Uandniaumniosunse
2. Aonolutesviosviinduden 10 - 20 fiadnSu/Alandy”

3. PALTRNRIMILAL L ATIES 19V RN L UUT UL DY

4. szuumadumeladadielugUe
Tsp@a@n Inlusda (Cystic Fibrosis) 40 faaniu/Alandu’
5. larualadnauIINMsARLaLUATISY

6. ARBAINAILIEFULLAIEENI1IEN (febrile neutropenia)

Aifuvunnegegatuging

£
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A5 3 Msliie1 meropenem Fikugihdwiuiinengsnd 3 Wew Juegiueneasss (gestational

age, GA) uazangviaanaen (postnatal age, PNA)

21y wrufvuans gk

1. M13n878 GA < 32 dUnvi uag PNA < 2 dUaii 20 aansu/Alansy

nn 12 il

2. MINDNY GA < 32 dUaii uag PNA > 2 dUnmi 20 flaan3u/Alanu

3. MN3N@7Y GA = 32 dUnvi wag PNA < 2 dUai N 8 4l

4. M3n01Y GA = 32 dUn v waw PNA > 2 dUani 30 faansu/Alaniy
9N 8 il

a s Al o o W wi I3 = o v °
AN 4 ﬂ']{hﬁﬁﬂ meropenem V]LLuguqa']MiUE}lU'JUL@ﬂIiﬂlm%QUﬁ‘ULLN‘UﬂW{LV‘EﬂWWNﬂqiwq\iﬁlum@ﬂm

AN9NIINITNTBIVBIA BEUNAUANTS WAL UL

(RadANS/UNN/1.73A1519LUA5)

> 50 PUIRNLIUNR
vn 8 il
30 - 50 PUIRLIUNR

yn 12 Falas

10 - 29 Sowaz 50 VOIUUIAUIUNG

nn 12 il

<10 Sauay 50 VRIVUINYIUNG

nn 24 il

2.1.1.4. Yevinuild (8)
nulden meropenem fugieiuse Tuienll visegUeMilenmIuiguuss
(anaphylactic reaction) a4 mﬂléﬁuaﬂuﬂeju beta-lactams vliadu LU

penicillins %39 cephalosporins

2.1.1.5. Manadunsizenseninge (8)
« mslde1 meropenem saufiuen probenecid viliseAue1 meropenem lu
\oniiuTuuaraglus1anMeuua 1esa1nen probenecid Aduganisidngn

meropenem Msla Felaiuuzihlnldsmiu
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« mMslge1 meropenem saufUYn valproic acid vilseaue valproic acid Tu
Honanas denalvigileinulsaautneraldlanadnslunisshwilsmaudn
Winfimas Feldwugiilrlgsiuiu

=1 I3
2.1.1.6. anstdineuszasen (22)

oM shuiaUseasAnonanule iy

o« omsuigeinzintuluendvse Tnsuielungy penicilins

o 1Myt dulvgdinasifalugthe nilanuiaUnfivesseuuUseaimaiunan s
viselinsAngeluATSeMEeinaNes wenaniUieendavianudeiasiin
M stniinduladedinslgen meropenem Tauiugn valproic acid

v a =1 5 1 1 = gj a aa o L%

o omsviendedinudonislaguussauiatudeFinnaniza lnadnau
WesnnmssnwndUiemeeufiusagyhlideausanglualdlvgdelviin
e Clostridium difficile Winunntusaduanmsyinligedineinsviessala

o 01ANTARYNITRLTBLUATISURDET meropenem LWLLINTL

o amzndnadonmibugiielsale

2.1.1.7. AUAIAUAZMSNUNE (8)
o MIWFBUYT meropenem d1MURATINIIMADALRDAM UL B U (bolus

injection) Tagaganaen meropenem futnUsIANEBlRANUNIUYINAU 50

v '
a = LY =

fiadniu/dadaes asavarediemauasiouiy 3 $alus fladufigungll 25 o

a

a

wardeatiull wazasdimiuaadiuiu 12 Hlus mnnufigungdl 2-8 a9
\waLTeE

o MIWILUYT meropenem dMTUBAINNNIUADAGBAM Lasazaliu 0.9%
sodium chloride 138 5% dextrose Tfl anuLtudu 1-20 daansu/ladans o1
meropenem #iazae e 0.9% sodium chloride HANUAIAILIU 3 TaLUY LD
2 o a X = o 1Y) & =
ungamgi 25 sarnwaldeatuly wag szl anuasdiuig 24 4lug mnuiun

g 2-8 DI ITAGEE U8 meropenem iz age 5% dextrose 19

B A5 LTI
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2.1.2. dayamundynaransuazndvaaunians(s)
2.1.2.1. \dUWAAIEN3UB981 meropenem
Mechanism of action
61 meropenem dnalnmseengrisiianuisadudinsduemeinlusadion
anunsaduiuldsiu penicillin-binding protein (PBPs) veaidowuniiias udu
Tshuddrlumsaseninsadvoauaiice vlddeuuniiaeldannsaadyseld
1§ uenainiien meropenem fanuiaiiosAouinags amtsovusoleuls] beta-
lactamase vasuuAiEElaR (23) vilvien meropenem sdndeutnsnugUiedn
\TouuATiSeunsuauaeen U
\Heuuafi3unsuaundu Enterobacterales it
o Citrobacter freundii
e Enterobacter aerogenes
e Escherichia coli

e Proteus vulgaris

e Klebsiella pneumoniae

Wowueiisewnsuauilailingy Enterobacterales Lau

e Acinetobacter baumannii
e Acinetobacter calcoaceticus complex
e Burkholderia cepacia complex

e Pseudomonas aeruginosa

PK-PD index

g1 meropenem aanqmé%uag}ﬁmw: narfisrdudado (time -
dependent bactericidal activity) wazammsfiwesfliussiiuussansninnse
o fe T, %a@uﬁﬁasax‘uaﬁwznmﬁmmL%'u%'uaﬂugﬂéaizasgmﬁam MIC
Tngen meropenem il fT.,,c o8 19teedenas 40-50 iesmnauisodnide
wuefiBeuas anUsinanteld (24) fladdenuinduasyeadnaufaideanmsld
wiiestiemeladosas 80 figasmssontimiiu e T, dawvihiusesas 48
FulU (25) wazanMsAnelugthedn cystic fibrosis wuie1 meropenem fT,,,c
wnnd¥eray 65 damufentostum svinlvausson mdenvesidaevinaul ity

Tagvinliusumsvesonniaiidnennyen (FEV,) uaudsiimiadesovay 28.5
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wWiguiiguiiugUie e meropenem fT,,,c Ueeniieeay 65 wuileady FEV,
WigeFoaz 7.8 Wil (26) dmsuthedngm fT,,, Sovaz 100 1Uu PK-PD targets
fdnduiteiiarliien meropenem anunsesienuaiiseliegnsfivsydvianinasan
ez anlaN1ALANN SRR VO UTBLUATIT Y T @UITONN A NS N TIN I N
Aalln (27)
2.1.2.2. \nd¥auAIEnSY8981 meropenem (8, 11)
=
. NM3AATULN
& Ao v -:4 ° = 1
&1 meropenem LUugidadnnaviaenienmlaensadeliniunssuaunsgn
Fuen
. N1SNTZYEN
81 meropenem @u1savuAulUsauludenliuszuiaiovay 2 waznszane
sluilloldeds ¢ Taasmmns ladunas, Yo, ala, ndaile, Rantds, U@ way
aldlng neluszezina 1 Filus ndsanlasugnmenmsiadimavasnidonsi

msnszaneedsuluniueiy BafnengunTumnisnss 918e1n9sBanas

v
| o

\Wesantueniead (extracellular water) anas LU tusnLgaaluAnLInLAn
a & v ° Y T NS ¢ Ay
AnuSosay 70 vesuwmind uwilllawineny 1 U diusnwadanadvitososas
62.2 daNaliinsnszateeIanas FaAteasUsunnn1Inszateen meropenem lu
@ A 1w a al U
WnilAingu 0.4 das/Alandy
« MasUAsunlasen
g1 meropenem W avuulasaglusuarsildarunsneengns (inactive
metabolite) vinliildmarnaindyaaumansvaien meropenem
o NINANYN
&1 meropenem gnidan1ele lngseeaz 70 vearwneniilasu asgndueen
nadaazlugy unchanged melu 12 Hilus Sewag 28 vosvuInenawHIY

nszvumsilasuwasenduansilasengyis (inactive form) wazdnfovas 2

P =

gndueenunfiugaanse ludnenenus 2 VTulvuazdingiines @3nveden
meropenem Uszanas 1 43lus dauinengsiint 2 U azllansedinvesen
o = v o & A
meropenem Useaa 1.5 Filug issanladsvheulaliiun
msuSurueedmsugithelauazauinaniiauni
&1 meropenem gnidamstalumdn mnlavesdihedanuunnses viela

¥
1%

MmNt Unfsrdarasiessiueniivglasu dulugthenguild sesldsuns



21

Uusuuuunsliionimangansen1siauvesle wu mngihedia creatinine
clearance Yfovni 51 fiadans/ufl fihenguilmsld fununnenanasanuuin
enfuuzihdmiugielavinauund wieitaevenlaensldsumeefindu (1)
widmiugvaelsadulidududesFuruinen WesanideowIsuiiisy
MmN dweimundnaumanssenissiuihauunitugdelsafundsan

1Asuen meropenem wulduaneneiu (28)

2.2. Yadpiidsnadamsiasuuvaunduaauransvesen beta-lactamsTugfiaeingn

mslden beta-lactams Tugtheingfitnazdumadlumsing esananie s dutae
shan sl ugiheingpdsnaremadeuulasndvaaumansveselungu beta-lactams (319
i 5) fuavhlsisesuelifisselunisinmoimsinge ansmmndutelufingingd Wy sepsis
¥i38 septic shock viliinnsdnauluviasnanie (systemic inflammatory response, SIRS) g
n34An third spacing §theazimmisusag Aol dsuami nawnud snarilai menszane
gty Bnvatefiinsld ECMO wi3a RRT vhlvidiunsnsz e lfituiy suludsdieings
Sovaz 40-50 siniinnnesyiulUsAUS Ay um (hypoalbuminaemia) Tasilmtiosninwiu 25
n3u/ndans SsenainangthodulseusiSavdeiane SRS vilviinsuanlusAusayiuanas ile
izﬁuiﬂiauﬁagﬁuﬁwda maﬁﬂﬁmazﬂugﬂ%aswWﬂ%uﬁﬂﬁl,ﬁu mMnszaeen lnediulneyinazdina
ﬂixmuﬁ’umﬁmmﬁa%’uﬁ’umﬁaﬂé’ga (unnisesay 85 D 90) LU ertapenem Wag ceftriaxone
Hudu hldenanifinanssresfiutuuoses 62.4 uardosas 32 muddy Faengnidams
TugaTu usdmsuen meropenem Sanuanunsalunssuiulusiuldifieddevas 2 it dadu
Maiian1ae hypoalbuminaemia 3¢hildiinansenufiumsnszaneewesen meropenem uenani
fheingrenafinniglavinanunnndiund ansnsesveslamnntu mngthelé¥uen beta-lactams
agﬁluﬂmm’szﬁ gnfiaz gnrindnes nvadlaiia wntu feduedimansratoeuarnsiidnenfiudul

gaviluseAuen beta-lactams ¢

A19190 5 YadevidenasiendvaaumansveserufiuglugUaedngn (29-34)

Uaduniinasandvaauaransvaseufiue NANIENU

1. syulusiudaydumvilsunaeeglusudass iiuay Wiumsnsea1een
2. dudenreeiinnsiilva

3. MShENsUIMaviaen.aann

4. lavheauunnseg AANISANIAYN

5. lodingyinauunnnund WALNISANIREN

(3A1 eGFR 11NN 130 8a./Aun9/1.73 asy.)
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Uaduniinasandvaauaransvaseufioue NaNsENy

6. gUaeltaTeanesnsieuvaslenuaziala (ECMO) vised WU InNsEaee

msuUaneawnule (RRT)

ECMO, Extracorporeal membrane oxygenation; eGFR, Estimated glomerular filtration rate;

RRT, Renal replacement therapy

maanglarieuuinndun@ (augmented renal clearance, ARC) Tuifin

msianne ARC Wunisiuntshidneneennielauniiunifeezdnansenueiid
@mam%axmﬂuﬁwiﬁ (hydrophilic agent) EJEJ'NEJﬂuﬂEjJJ glycopeptides uay beta-lactams 1Ju
siu dulvgjn1ig ARC inazgnnaritisludlugiuinninluin Lwiﬁ]'%q6]LLéﬁﬂnzﬁ/ﬁLﬁmﬁ'ﬁuW,ﬁluﬁjﬂwLﬁﬂ
wufiuleemzgUaednings Teiddenuhiedningaiesas 59 Aanne ARC aazsnwieg
Tuveeiunagineingn (35) sluflvguaz indl sns nsnsesvedlaflifindude e damzany
Guthesesoluil W sepsis w3e septic shock, febrile neutropenia, Tsatuivmu, Tsauindonuns
sURED, Tsadau, 13 cystic fibrosis, msantelumaiutlaae uavlsaugiSe Wudu Fanzany
Buthewmanilsng gl EaAngminn e SIRS fimsudesansdmitmssniauluissme uay
wienh vl ondonvenedh W cardiac output dsnalidenluidssiile (renal blood flow)
da ity uenani vasingalsanaemdenidladisludesldfuarsimaunuuaze1ngu
vasopressor/inotropes Avih Wi Uaedl renal blood flow dnduligui Samaiiuduves renal
blood flow ¥i1l¥en beta-lactams gnianeenluidatu (36) dmiudieuves ARC vesgitheinga
sisluglnguasiingsvaddemitiiuiioon fulneiu venseuidormued eGFR cutoff dmiu
ARC Tugtheringaliuandnsiuly egaluglvaldan creatinine clearance (CrCL) unumsld eGFR
Fadlmarhmuac cutoff wes CrcL dwdu ARC uanssiuluwsiazsnidelaedfousdn CrcL snnnd
120 1a./u1#1/1.73 a5, B9 160 Ua./AUN/1.73 a3u. usl cutoff Aldfuegraunsnansfie CrcL
1IN 130 wa/uii/1.73 asu. (37) dnsuluindnisimue eGFR cutoff @113y ARC u1nndn
Wity 160 ua./Ani/1.73 5. Sadum cutoff Mlaiddsfenguesin ognalsfinu eGFR cutoff
fomngaudmiulumaussiduniag ARC Tudnmadisisoguenfniamde esanidneghous
1 1feu v 2 ¥ ledeiauldlidiufuas Sinadimstaunvedlnegssaidesilfnsiidnemdlagiy
wauldt Tutiogtudalifideasu Auddnlunsiimun ARC cutoff Mlanud1ime fuoiguesiin us

aAdeluindndlng e lie eGFR uinndwiniu 130 wa/uni/1.73 asuidufUaednidanie

v
a v S

ARC (38) stiuluswAdeid el Uiediningeinn1ie ARC fsaillefifn eGFR unnndiniu

130 48./U191/1.73 954,



23

Aaw o o Yy o °

2.3. MURBNNYITDINULEUNMUANST LY meropenem INMSANBUAFYIAUAEATUSZYINT LU
vy o &
AU ERINp)

AUaeAngeilenuiUasuuwlaan snesanimunnningUievinly inlvidesaseseduenilasu datu
sUkuuNstYien meropenem AwugindniugUieniluenaliunzand mivgUisingn 3
nMsfnwundyauranilsznstaen siaemeufasla deusslivanuinasilurenisliien
sukuuAneg imstieuuulafivszavsnmlum sduduie viiedimuurasduivinlild PK-PD
target LAkA T, $08ay 40-100 Ui a5rUTINTUNTSUMALWesTugUwuUM sTen

meropenem NMIANBLASIIAUAMENTUTZTINT FIeNT199 6 uay 7

PNNIANYUAFYIAUMEANTUTEYINTVDIET meropenem AN NFUAUIBTUIAENENULUUTIADY

' °

weudnslaludluguaziin nuddednlngseyitunumnuamslisnlaemsuiniseawuy
extended infusion ¥MALGA1 PTA 11nA1NNSUSUISEIMUU intermittent bolus wanalimdiuinein
MSYLUUTIa8aMstReL U extended infusion fanu Jululanasd Ussavisanl umsdudade

VLéwjgﬂﬂ’j’lﬂﬂﬂﬁmLLUU intermittent bolus

2.4, ynAfeiiferdesfunensinnusziveludiasiaige
feRingeiimuuy sUsumene Ban witdaasesefue feduiieduagld Susmusuuums
Temng 9 mm'?i%mmmsmﬂlﬁd’lgﬂLL‘UUﬂwﬂﬁmﬁ;jﬂaalé’%’uﬁ?udamaiﬁsz fugnieaneso mstiud
Hewvaiti3evdeld dufumsnsninmuseiuemdniiguielisuseaiuusslond unsing
FarnAfedldsusmsunssuidedestumsenaianu sziuenlufiagings 1 fivedueianms

WinUssAvanmlunsdugautionnmsnsiafanuszaventugioe

1wl p.e. 2010 Jason A. Roberts way Anig (5) 19380139 53aRnemu seAuengy beta - lactam
Tugflaringm $1uau 236 918 ndsaalaFuAmNIRSg U e Fuguuuumstsie dms e
SYHULI I T s, i SO8AY 100 W3BSEAUEIGINTT TL 10, wic T8AZ 100 INMIANHINUTN
ftheiiies¥osay 25.8 Alaifosusunuaiilsiesar 74.2 Mdeslézumsusuguuuunislien Tng
Sovay 504 FosuFvruiaeninty Wnenuinslion viedsunislionfuwuy extended
infusion ddnfeuay 23.7 fesUiuraianas vieammiudlumsliien ndsangtelisums

v lavssidunamssnwimieeaiin wuigtheseeas 87.3 Snwilana

Tt A.A. 2012 Bhavik M. Patel wazAni (39) m39famuseiueIngs beta — lactam lugUae
AaenuEablyd 91U 50 518 nanlasuemNNInTg L wugUeSeuay 60 dszdugnnn
N1 MIC veute fleferas 22 seiuendu fT,, Sovas 100 uavithesaeay 18 dsziueniu

fTLaanc J088E 100 Wovszidunanissnunieaaiin wuigienniesnunlana uigiieniseduen

O T, Fosay 100 Tdszaziailumsshvdunhftieiissduenmnitm MIC 9113deiiuansli
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wiuhgheRawonnunaliludd eudesfiguuuumslieniigiaelasuasinunlydlong Jse19awiin

TogUededlasumssnumesufiusuuiu

Tudl A.f. 2014 Jan J. De Waele kagang (40) n519AAAIUSEAULT piperacillin Lag
meropenem ludUagings 91uiu 41 e e Uiedosay 68.3 asuen piperacillin u1a 4 n3u
nn 6 $2lus wazflae¥esas 31.7 16¥ue1 meropenem wun 1 n3u 10 8 §2las Taslienuuy
extended infusion Wui1 @z 71 Va9 ﬁjﬂaaﬁlé’%’um piperacillin f5e#uendl T, Sovay 100
wazen meropenem iU Sogay 46 fifiszauendl T, Sovaz 100 WS NUTVVLIAET WUTIE
W 2 wlledisnsinsiiin fT,,,c Sevas 100 gﬂﬂ'ﬁu MnmsEnwinanslfifiuinnsnseRamuseiug

anunsalfilunmslunsyiurneeiiiedia PK-PD target attainment Tudthedngeld

11 A.A. 2018 Joan Antoni Scoenenberger- Arnaiz uagmey (41) mmﬁﬂmmsﬁwﬂuﬁgﬂw
?mqm 1UIU 124 519 wdsanlasuen piperacillin kg meropenem 1AEUS N SYIUUUNEAY
#aiflos (continuous intravenous infusion) Wuin Seeaz 58.6 “Uaﬂﬁﬂwﬁlﬁ%um piperacillin lag
Yoay 69.7 v0uEteTliF U meropenem fisyfunnifipsnesemsinw usidsiidadiutaeiing
Snwnd e s nad el siuen L iis swase ms 3w dedunisasiefinmusedusnsay

Usglgvidemsuiumsivienegamanzandwiugeusas siela

IMMINUNIUITIUNTIN N15ENwUNFYIaUM anTUTzINTVDI81 meropenem INNGULTIE

@ ° a ¢ i < ° a aw |
ynadnuluuasssuimilalugdluguasidnitenusumnuseivingay auidedulvg
JEUTARUAMUANISEAEUUY extended infusion FaeifinUse @viznnlunsdugate wuaisela
#n31 intermittent bolus wideyan1sasIafianIusziuel meropenem TugUleiiningndd
Aaut1atoy yillinsuwidahusuimuae il fanuuudaessinee W Wethunldiungugdae

wmngraualvglulsmenuiasganunsailrsssusuiissnelumsdudutouas lonalunssngn

w3old F191nMsnumuIssanssuineadesiunismsaaRamuse duelugthe wuhivangawidy

'
P

lgBnsnsinmuszivedmsudusnmelumsusugluuunsiiswiiediny seavsanluns
fudugosgnaleing datumseyafinnussiuetufiiedmngrensssfuusslenilunsuszifiune
mamsinynaanigUaslasueluguuuusingg wieaunsauiusuwuumslieniumanganlugdae

wrazsele
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B{2LYYMEIERBLENMIILLLUULELAUKELUEN LBELMENSE LRK) SLUFLMTINAT fLe r@cmw?m@o\@;_@c LRUPELY

9¢

CWBQH wausdossw LEECREULALREMLEWVRLISTELABUILAULELUY L IABLELY
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IECRICIET 0/ AURERLNULILLIE " [J960b bBR V1d
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MELER 8 Ul
RIS
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"B/UM § NULAT DI LY uosnyul
[ECRIGIET G8 RSRRLNULILILYIE """ 1J9%60 beR V1d papUIXT
"8/UM § NULAT DI LY smoq

CRICIET 29 ARELNULLILLIE " 1J960b bCR V1d

JUS1I UL

MEleR 8 Ul
eeueiy

/TRUEIE OF

B1ELYBMEREPEEBLENNIILUSLUULELRUYELUBN

LRELMENSE

LBY)ELUMNMTINAT
I

BLe

LAUBILDLARE BIEBU
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2.5. yASeTiAetasiumaiafiswnsalddmiunsiainseiuen meropenem
manmeinsefuedeTBnmsimnzandidusenmalulflunmsanafasuseduslugileite
annsauugduuunslienlagnies uag udugien1ssnwm mundnn1sisdmniudnsyivenlutinasa
msldszaznmegnnailuninsiouie s wagiaseduen esaneindu beta-lactam sinide

auesdnliing faiudnsdmsuinsyauenguiimsiilaing uazasmnyinds (913199 8)

A1 NN 8 PUIBNAYIWDIAUTBNMINTIVINTZAULT meropenem

MsAnE wAdATild NSLASIUAIDEN nafleinszauen
(uil)
Kurihara Y. wagmue HPLC 139919688196MY mobile 9
U A.f. 2008 (44) (UV 300 nm) phase ntunsessesng

Mo ultrafiltration

Ohmori T. uaz A LC = MS/MS LW3BNEIREN9METS solid 4
U a.f. 2011 (45) phase extraction (SPE)

Briscoe SE. uay Az HPLC NIDFDEINPIETD 7
U e 2012 (46) (UV 304 nm) ultrafiltration waz3nw1AIL

AIfIMIY stabilizer

Cazorla-Reyes R. gz | UHPLC — MS/MS AnezNOULUTAUMIY 6
Aly U A.A. 2014 (47) acetonitrile thauladaang
el

NNITNUMUITIUNTIUNUIN mATla HPLC uag LC - MS/MS Tdanlunisinseduenlu
wanau bndLAes i wavanu1sadasyauelaeg 19snsa @i sounluuszendldlumsasnfiany
seauenlugUagld udivaneeuidewusdilildvata liquid chromatography Augiiu tandem
mass spectrometric (LC - MS/MS) lumsinseéiugnngy beta — lactams 1issarndanudumede
m3tnsdue wimedailfailddedoudngs ueedeududoulunsldoumnm HPLC (48) Sarin

TirnAdeiidentdnaila HPLC dmsuimuniBnisnsiniaseduen meropenem TufUaeianings

TutlagtudalaimABmsinsedugn meropenem flazmn MATIIzaNNTOMIIUHATEF UL
meropenem létuiiie nelulaiidalus daduveiia HPLC Saduifivung auftgndeiduilss
MR e eiliaunsansuraszdusn meropenem Timeluniisutuegfutiunaihegai
d19329 uonaNEniarnIunasy FugrAsudnslfinauiudeennvziinadeninuasiinessn
meropenem 14 iileogluanmzitlivmngan Snisszeziialumsinumenuasuessn meropenem
Tudonfunanaundaunnneiudnge 91n91isefidmsvadeuruAIives meropenem WUl

9umQil 2-8 BarLEALTYE a1 SNYIANLAIFIYEIET meropenem Tudanlaluiiiu 8 Tl us
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dlafiuTigamaiivios e Asiivessn meropenem widelfiwaliifiu 4 aluswindu daulunanaun
A @ oA a v o i I a @ = <
Wlaiiuiigamgivies 81 meropenem Asddaglalaiiin 4 Falue uazaneimganlumaiussey

917 Ao -80 DIAYALTYE TIAUITASNWIANN AITVBIYT meropenem LaUUES 9 Hau (49) 31N

a

mATekansliiungaumiddvsnasemumiiiuesen meropenem Wusgneun fulusuian

Y

dloseaUnuinsinsiugn meropenem feadinismuruaamaiitunisiiulifianumngaumdeain

fiiusegnaderangtieuas aunivsdiseg s e
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o ad o a a v
UNN 3 ITAUUIIUIRY

3.1. sUuuumsive
msfnwudsdunauuuiudeyaludtamin (Prospective observational study)
3.2. salguisaniiumside
3.2.1. Uszynsuasngudegng
Uszvnsithwang
dlaedningmeny 1 wieu fe 18 U 16isuen meropenem a lsane1unaquiasnsal @nn1we
e
NAUA2DEN9
dUeiningaunaeifndend1simnidy o 1 Weu fe 18 U 165uen meropenem seming
WoungAIneu 2563 B3 Woufiugnew 2564 al 15INEUIaRIaINIal Annwntng
YUINABEN
neuidereuntiinud fihefilésusiuuy extended infusion uag intermittent bolus i
sefuen beta-lactams unninA1 MIC Amfufosay 82 waz 29 muandu (50) s1uATelTs
FuivgrundedrugUaelaius) meropenem WUy extended infusion uaz intermittent
bolus Fefisesiuen meropenem uanndid MIC fadu 3:1 Tnefvuel s fuanudetuwindu
$ovay 90 warAMuAMARdeuiniuTesay 5 fduwuinied simualiuigtisingaudin
$1uau 72 519 Tneuvaugtne i uen meropenem WUy extended infusion $11au 54 518
uazgthefiliFuen meropenem WUU intermittent bolus $1uau 18 518
3.2.2. inauaiAngtheidnsiun1side
- Jhedmingeeny 1 ieu f918 U

¥

- JUwhiawelasun1sinwismes1 meropenem

v v
o O

- Qﬂwﬁﬁum neffaust 3 Alandu Tuly
- flheiiflenwauvaenidon
3.2.3. inaueiAngUheaenann1siaY
- Q’ﬂaﬂﬁlﬁ%mﬁmmmlﬁm drug interaction fiug1 meropenem LA
g1 valproic acid, probenecid, amifampridine, dienogest, digoxin e balsalaside
- ftheiiwioilundy penicllin

- funasesveddieintiBugenidnsinm ity viedtienniluddauwataan

- fthefifien GFR i 60 Na./undi/1.73 As.
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- JUeildvseliunuhagldasaamgimsvihauvesenuas iila (ECMO) visesinisundn

nawnule (RRT)

3.3. NM38UYaNLEN3IUTASING

ua

evsuuse fRuazsanisnamnsesUfiRnsvestheiifienantinssmanasidadonud 39
liddunisveanudusenainguisuazfunulasveusssu nienfelonaisteyaeaiy
1A59M 9338 (information sheet) kagtanan shanianudugeut 13w lulasamsFe (informed
consent form) Asums3useslasanzNsTNNTANTUTE5T 50 MIITBUET Wagdidumsma
M sl

3.3.1. mslvidayaungUie

1389 IngUseash Yuneu wagseasidunveslasamIelvEUiuazEinulagyou

sysulasunsuegensuiiu saudednslunisdenssdusenvseufiasidnsiulasinsidy wie

=

anslunisaeuiilinasaiian §ideasldoyamduminsisinoniviidilade daau
Usiaannisti Ay dugvs el thidsla edelwiiieuas funulaeveuss sl fany
\ilafignieareusdulainululassmside

3.3.2. miliagtheviaradilawasdndula

easUalemalvigiheuasiunulaeveusssuladnauuazyianudilaluseasziden

YesnsrUILMTTeyntusou sasioadosneesuiiu warlimiihouasfunilaggou
sysulafnenienanstoyamesugdmiviiirialulasimyideuazionatsuansanuBugey
Whsalulasamside

3.3.3. NMSLENIAMUBULDNTABANNENATD

AUleuargunulagveussiuaswdluenasuansenuuganidnsululasimyidy

3.4, YUABUNNTIVY

3.4.1. Bonngudthenmingeotgnaud 1 wiou fs 18 U Aildsumsinu o lsanenua

aensal annwalng munaefagUisin M TITelazinaeAgUaeeenainnis

o

Y
3.4.2. daionansdesyadiuay/esuiedmiufinuasfunasesiidnunside uasionansly
Bugantins WM TIVE (Informed consent)
3.4.3. maiudeya
. Lﬁu%'ayjaﬁugwmmﬁjﬂw Loun e, 978, Ymin, dua, serum creatinine, M3lden

vasopressor/inotropes warnsLYe1 concomitant anti-GNB
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o Avdayanslievedieunazau loun Tu vaiilasuen wweelasu ssezinslu
msligusas T JULUUNMIUTINSEN waglianiangdnsefuen

@ E24 a a Y ! Aﬂy a a | ad |
o NuteyannegaTiinen laun wainzieuuaiise, sannulesufimue uagdn MIC
YDILTOUUATIIEFDYT meropenem

=3 [ aa Y oo v Ao L7 [
o nuteyanamsinwvmeedtn laud Shsmadetinvediisnglusveziim 30 u

war T ungesnwsmlulsmenvandanntaiun1sinwimes1 meropenem

3.4.4. n& 90 Uaelisue1 meropenem wda dose 71 3 Yl {Ieaziiudiegaben 2

fhpgns (Met1ay 3 laaans) Iaeliufl 4 (mid-dose) way 8 (trough) Halus lalunasn

EDTA

3.4.5. \fusnegeTiuiienmnd 2-8 asrmwadya nasanntuihluduwieameaies centrifuge

9 U

4,500 sou/undl Wuan 10 nil eungdl 4 esemwaldva anelu 1 Hilumdwiniiy

feg (GhnTusegdlanlyiamunsadrlutunieslanielu 1 49lus fegradina1iazgn

a

Viufigamgll 2-8 ssmnvaidod laiiu 8 $3lu9) waziiuwaaunlivieamgll -80 8mn

U

Wwaldea NN NATILYTIsEezaMIAUlNAY 9 WWeu (49) lednwiamnuaIsi

V9387 meropenem TUNa1EN

3.4.6. 9719338AUL1 meropenem Tuwanan lagedumaila HPLC (46) Tnadiseaziden

faselull

GUPIGH

1. Meropenem trihydate [Sigma, USA]

2. Ampicillin sodium (internal standard) [Sigma, USA]

3. Acetonitrile (HPLC grade) [Merck, Germany]

4.  Sodium dihydrogen orthophosphate [Kemaus, Australia]

5. orthophosphoric acid 85% (H,PO,) [Ajax Finechem, Australial

6. 2-(N Morpholino)ethanesulphonic acid (MES) [Sigma, USA]

~

MES sodium salt [Sigma, USA]

[

Yangunsal
1. High performance liquid chromatography
2. (C185um 250x4.6 mm Luna column

3. Durapore 0.45 pm HVLP filter (Millipore, Australia)
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4. Amicon Ultra-0.5 mL 30,000 molecular weight cut-off centrifugal filter
[Millipore, Ireland]

5. Centrifuge

6. pH meter

7. Glass vial

8.  Pipette

9. Vortex mixer

10.  Volumetric flask

11. Ethylenediamine tetra acetic acid (ETDA) tube

MaA3EUaN1ITATEe High performance liquid chromatography

waLedeud - acetonitrile (13%) + 50mM phosphate buffer pH
2.4 (87%)
gnsmsiva - 1.3 Jaaans/undi
VAN UMTIATITI : 4.7 U (standard), 8.9 W (Internal standard)
(U7 2)
USu1msan - 30 lulasdns
gaumniineaul 1 33 IFNLYRLTYA
gl Auto-sampler —: 4 BaANYATEE
UV detection - 304 wlwkng (standard), 250 Wlums (Internal
standard)
m
1 DetACH1
307 Ex STD3
25—‘
H
20-‘
15-:
T
1EI-:
5—‘
o] y TR, ¥
3 3 5 : 7 : 3 10 ”

3UN 2 1Asaninunsuweden meropenem (MER) Tunanasn

min
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MIAFLUEITAZANY
1. MSHBENETALANENINTFIUINTY (Stock standard solution)
#3181 Meropenem trihydrate wiln 1 fadnsu avangluth Usums 1 Jaaans
2. mim%‘smmiazmauwmgmmfﬂ.u (Internal standard solution)
#3181 Ampicillin sodium iin 1 fadnsu azaneluth Vsunms 1 fladams
3. mswRsuasazaty 0.1 M MES buffer (pH 6.6)
41 MES mi¥n 5.58 n¥u waw MES salt wtin 15.50 n3u Tavantuuauiunns
yun 100 fadans i (deionised water) uasUSudsunmslidsdn
MuuAUININT
4. mswieuwiaedouil (Mobile phase)

9 sodium dihydrogen orthophosphate win 7.8 n¥u azaisly ¥
(deionised water) USu1as 1,000 daddans USu pHI%RLA 24 dae
orthophosphoric acid nduaadeuiilunsosniu durapore 0.45 ym
HVLP filter wazrindanesernefesaies sonicator Aewtildrin duran vua

1,000 Jadans

MIAFENARI8E19 unknown fiaudaida3as HPLC

manaun unknown Usu1as 400 lulasans Yialdmnses Amicon Ultra-
0.5 mL 30,000 MW cut-off centrifugal filter Yrluduuiesdewei e centrifuge
MeAULEY 15,600 ¢ e 30 wii Ywndwla Usuans 200 lulesans Tdlu
vial 9amiatiun am picillin sodium (internal standard) U313 10 lulasdns uaz
1.0 M MES buffer (pH 6.6) U3u1es 10 lulasdns wanlidriudeiaies vortex

Uszanad 30 39 neuthludndueses HPLC Usunes 30 tulasans

M5UsEEUAMNULYRNRYRIR5 AT (Method validation)
Lﬁavﬂumigué’uwamaq%@yaﬁiéﬁwﬁmmgﬂﬁm Y00 oM sUsELuANY
UnFetieU)jUfnu FDA Guideline 2018
= oA A a e o Ao &
MIANIANLUNTRNDYIMTAATIEHTEAUET meropenem TnssalUdl

1. anwdnden (Selectivity)

WieBuduANHT NI ATIET AT ARSI IR e NN Tt

SuAuanoug Nilludmeds ilurusuasuisinnmsi

2. @nmulwesmsiAIIE (Sensitivity)
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Wietuuan eyl esidieszives LLOQ Tagvimsnsiaiasgsian
LLOQ %1 5 Afs ernundiudusfoseglutasdoray 80-120 vesA LLOQ futtada
(%bias) wag %CV luiAuseway 20
3. @n el (Linearity/Standard calibration curve)
W3e calibration curve Tagta3suasazaly meropenem i A1Y
gy 7 g ududeielui 05, 1.0, 2.5, 5.0, 10.0, 25.0 wag 50.0 1n/a.
(46) winatlu blank udwhnslieseit dienaumsiadu fifie R? deslasn
i1 09950 ¥d1ag9tioy 3 4A %CV ves slope uag R laifu 15 uaw
accuracy YeuAazqnegl Uy Touay 85-115 uniiugauwsn (LLOQ) agluyis
Sovaz 80-120
4. euwluuazaNULfieesiTiagzi (Accuracy & Precision)
WISENAITNINTFIN 3 AN T Tuag standard curve (low, medium
way high) wiwaslu blank iensia¥n Taevineogetios mnududuaz 5 e
wazyin 1A zd Wil 3 fu wias Tudesliradeves uazmiudu du ey
Tugasdeway 85-115 (intra-day accuracy) %CV vosumay AL IutulaLAY
Zawaz 15 (intra-day precision) uazraveusasm LT urawie 3 Su 9z
\Ju inter-day precision 3¢ %CV vasusazeanduduliliiudosas 15
M3Uszdliy PK-PD target attainment TugfUae
MHINATINITEAUET meropenem Tugtheusdagse seiue1a1nYNFIRE
awgmiinn Weufur MIC ves\Teuuaft Se etingdndauesfined Sazduen

agwiler MIC Fudulumu PK-PD targets 7 ., Yovaz 50 uaz 100 uiiedan

' ¥ o
= A a o v

AFeillaifian MIC TuiRsevesgUienvuie Bnnsgtheseeay 62.5 asialiinulye

WURTILSEUNSUAY FetiusERUeT meropenem 37N1N6I8E 198 NN WBUTUAN
MIC wasgunlaann CLSI 2021 Tagp1 MIC breakpoints 48481 meropenem /1
Winu 1, 2, 4, 8, uay 16 Un./a. uaeluaiilSoumay ydaagi a MIC Aliuazhens

81 meropenem TLANANNAU AIANT1991 9
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A1597 9 uansnsilaran IadeuAN VBT RUATISULATUAUABET meropenem

\WRLUATISHLNTUAY A1 MIC (un./a.)

S | R
Enterobacterales <1 2 >4
Pseudomonas aeruginosa <2 4 > 8
Acinetobacter spp. <2 4 > 8

Burkholderia cepacian complex

N
N
(0]

> 16

S = sensitive, | = intermediate, R = resistant

32.4.7. JANLIHA

3.4.8. a@3Una

3.5. NMSIATINTIUALALHDRANIYATIZN

Y
v

foyafiugiuvesdiag iy ey, davidn, daugs, A1 eGFR uazsrazirailunislden
meropenem wanINaIUANISHFILLAE IAPILLANFN9 ST NINNNGUIMY median test daulne
, M3UszLiY BMI (z-scores), fthefil sasmanglden meropenem, filhefifinng ARC,
Fuaeilden vasopressor/inotropes waggae A msldo1ufTaug duqlumsdnel GNB
Ffiug1 meropenem azgnuaninaluf ogazy el uazTamuLana1e sEing
ﬂ&juﬁ’m Pearson’s Chi square %38 Fisher’s exact test

Unpaired t-test d13umsiamauusnm1aseminese siuen meropenem Tugtheiildzuen
WUV extended infusion LLﬁBQﬂUﬂﬁlﬁ%’USWLLUU intermittent bolus

Pearson’s Chi square 39 Fisher’s exact test @115UMTIAMINLANANVOIAAAUVD S
Q’ﬂ’gmwdwﬁjﬂwﬁié’amuu extended infusion waz intermittent bolus 7 T, $e8ay 50
vio 100 Tagen MIC AlL8u MIC 11955 1uaIn CLSI 2021 wag IaA2m uan e 8sInI g
detinvesgithenielu 30 Ju ndaanlasuen meropenem swludsldinanuuandnedium
Fuitihesnninlulssnenunavdaannlasuen meropenem

TUsunsufiléiaszsinneadd fe Stata version 15.1 (Stata Corp, College Station, TX, USA)

ey SPSS Statistics V22
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3.6. VIUANMRNITVDINUIY

3.6.1. ftheingn meis fraeiiilamrdumanvioldesensduanvesmaiauveseiuizddy
¥93319me AeliAnnsUAsunUasmeaTiven thluganuiinig viieldeTinldeg1esind
(51)
3.6.2. lOLUATISHLNSLAURDEMANE LY (multidrug-resistant Gram-negative bacteria, MDR-
GNB) #io Ldeuurii3unsuaueronUfiurethation 3 nau
3.6.3. §flhewdin e fthefifleny 1 o e laitAu 18 ¥
3.6.4. Nan135nwIMNeAaLN (Clinical outcomes) LA
« 30 day-mortality Ao nsMaLdetin Aelu 30 Tu ¥d191ALATUBT meropenem
o Length of stay (LOS) f® ﬁi’wmu*'s’uﬁ@ﬂw%’ﬂmﬁﬂuiiﬂWmmawé’amﬂlﬁ%’um meropenem
3.6.5. ®/MIUIMTEN Laun
« Intermittent bolus (1B) Mg MUsmsemwaendenmuuunenszezay (U 30 - 60
)
« Extended infusion (E) e msudumsemanaenidensuuunendinam (uiu 3 43luq)
3.6.6. Estimate glomerular filtration rate (eGFR) mugfls o5 snsssvedle lagmuinainaunig
Schwartz formula §ad (52)
eGFR = 0.413 x L/S,,
Tagmmuali
eGFR #io 9ns1msnsesvette wiedu fadas/wnil/1.73 msnsuns
L Ao dauge el wufiuns
S, P 586U serum creatinine nuellu fiadniu/nTdns
3.6.7. Augmented renal clearance (ARC) #1884 amzmsvhauveslaiusntuiuUnR Taeie

eGFR > 130 ua/u1%/1.73 n53.(38)
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dl a o
UNN 4 Wan158

4.1 oyamin3293uUTaIITMIAATIENTAUYT meropenem
MIn5RTUT BT Y 2 niduns e unnsgiu anandudu 7 eowdudusdelui 0.5,
1.0, 2.5, 5.0, 10.0, 25.0 uay 50.0 Un./a. INNANTBUTUANIMTULEUVDI MTIATIZIYT meropenem
yhenegnetion 3 wa wuh %CV ves slope way R laliuderay 15 dmnaedl 10 uazanmansnaey
anuiusuare ufisslumsleszimeluudeniu (intra-day) wagmsiaseineiufy (inter-
day) Tagldmmndudu 3 anuddueeglutisenunduduveadunsvliisuninsgiusseunguiisy i
P Tudus nans wargs Iaemuuali aninfu 1.5, 20 uag 40 Un./a. MUY HANISATINERY

wuhwsiasanuidudu euwivdregluginiovas 85-115 uay %CV vosudazanuintuliiiusosae

15 flapns97t 11

A9 10 MIBUSUANIMTUEUYDINTIATIZA meropenem

WFLFD5VBINSVBUINTFIUANNISTNE PAR = 99Auidud 0.5 - 50 un./a.

a+ b.Conc. (n=23)

Anadealay (b) + SD (%CV) 3.214 + 0.044 (1.36)
Aade a + SD 0.018 + 0.020

(R) (%CV) 0.999 (0.02)

A9 NN 11 MILANINAALUIUE AL ANULTIBITDINTIATIZIA meropenem Tunanaun Aeluiuipen

WAZ AN TUAY
MIAATIEN b duiiy AL UEN ALl
(un./a.) (%6nominal) (%CV)
meluiupeiu 15 107.55 1.32
20 108.45 3.33
40 108.15 2.03
Ae U 15 108.01 1.50
20 107.46 2.36

40 107.07 1.95
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4.2 %’agaﬁugmmmﬁﬂ'w (Patient demographics)

TusAdedlfAuteyaiiuguesdteingainisuasiuau 72 e Ussneulufedieding
1#%U8n meropenem 1A 40 1n./n./ASe (FwueeTiEaslésy 38-90 un/an/eda) vin 8 dalug
Teuuv El 999U 54 518 LLazrz:iﬂasJﬁlﬁ%u &1 meropenem A 20 1n./AN./AS (szﬂummmﬁﬁﬂaa
1450 20-21 un/nn./e) v 8 Falus Tewuy 18 $1uw 18 918 Taseesioegruveadiied Ay
12 o (IQR, 3 - 37 \fiew) ovaz 97.2 vesitheillsasiuadiulva uiitelsailafndusovay
44.4 dulvgjiieTevas 55 avlaTuen meropenem dmsushmnneindslunszuadon dlosudud
fin13& 331881 meropenem wuh AU duau 69 918 (Seway 95.8) dmslvien meropenem Juen
$nwndoadiu (empirical treatment) uaggthesuau 3 18 (Jeva 4.2) 16t meropenem uenin
M mal,wm%yaﬁiaﬁ’um meropenem (targeted treatment) éﬂaaﬁiﬁa%ﬁu empirical treatment
Uszneuluiegtieildonuuu Bl 53 518 uazdthefildeuuy 1B S1uu 16 918 ndsanduame
L%@ﬁﬁﬂaa 24 518 (El, n = 21 59¢; 1B, n = 3 $18) §in151¥en meropenem oghssaiiio i targeted

treatment Yayaiug1uvDIUIBYNLUIMINTENITUINITET meropenem 9AN5197 12



A9199 12 YeyaiuguvedUlelaellangumuisnisuimsen meropenem

40

5'114’214@'1']'2&1‘15'\11@61 Extended infusion Intermittent bolus P-value®
72518 54 518 18 570
218 (W) 12 (3—37) 12 (4-36) 11 (3-40) 0.68
LW(‘W@& 40 (55.6) 29 (53.7) 11 (61.1) 0.58
‘13@1/1‘1% (nn.) 7.6 (4.4-14.8) 8.8 (4.8-15.0) 52 (3.6-14.2) 0.41
AUGS (3.) 68.0 (54.8-97.0) 69.8(56.3-92.3) 60.5(53.5-99.0) 0.41
N13U5EU BMI (z-scores)
ﬁ?%ﬁﬂ‘ﬂﬂa (-2SD to +2SD) 41 (56.9) 33 (61.1) 8 (44.9) 0.22
thwiihehninnes (< -25D) 22 (30.6) 15 (27.8) 7(389) 0.38
thutiniiundnest (> +25D) 9(125) 6(11.1) 3(16.7) 068
A1 eGFR (Na/u91/1.73 m3aL.) 123.1 (94.1-159.2) 1279 (99.7-161.9) 119.0 (86.8-157.4) 0.79
I;:JJJU’JEJIG’]I%JUEH vasopressors/inotropes 42 (58.3) 30 (55.6) 12 (66.7) 0.41
fihefilians ARC 33 (45.8) 26 (48.1) 7(389) 0.50
Q’ﬂ'gﬂﬁﬁma: ARC waglasuen 13.(18.1) 9(16.7) 4(222) 0.73
vasopressors/inotropes
Fauddlunislden meropenem
mzdadelunswuaien 55 (76.4) 41 (759) 14 (77.8) 0.87
Vandniavinidesnmsldeioshemela 11 (153) 10 (185) 1(56) 027
Bue 6(83) 3(56) 3(16.7) 0.16
szanaiiinislden meropenem () 11 (7-16) 12 (7-16) 11 (8-16) 0.89
Tsagaac 70(97.2) 52 (96.3) 18 (100) 0.41
Tsavhila 32 (44.9) 18 (33.3) 14 (77.8) <0.01
AtheldsuenagiAui 9(12.5) 8(14.8) 1(56) 0.43
Tsauzs 8(11.1) 8(14.8) 0 0.19
TsAdiy 5(6.9) 5(9.3) 0 0.32
9 22 (30.6) 18 (33.3) 4(222) 056
Fhofifinisldoruouesanlunisinw GNB 29 (40.3) 23 (42.6) 6(333) 0.49
Colistin 12 (16.7) 9(16.7) 3(16.7) 0.99
Amikacin 11 (15.3) 9(16.7) 2(11.1) 0.72
Sulbactam 709.7) 5(9.3) 2(11.1) 0.99
Ceftazidime 6(8.3) 5(9.3) 1(56) 0.99
Fuq 8(11.1) 8(148) 0 0.19

ARC, augmented renal clearance (eGFR > 130 1a/U9/1.73 m3aL); BMI, body mass index; eGFR, estimated glomerular filtration rate;

GNB, Gram-negative bacteria; SD, standard deviation.

Foyavesthouamdurdsegm (QR) wie F1uufihe (Sevas)

* p-Value 16910 median test dusulinsngianiisagiu; Pearson's Chi-squared test Wie Fisher's exact test dmsulinsevidndulssyins
b o D e & de o s & - I L
B9 W AndeTilnly, Anwomaiuladaiz, uazfindomeluroios

¢ fhgueseilsasiuundy 11sa
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4.3. uawwL¥a (Microbiological data)

Mniftheanun 72 518 wuhdigtediuu 27 518 (Gevas 37.5) (laelungs B $1u 22 e
wazfthelungs 1B $1uw 5 518) finille Gram-negative bacteria (GNB) Tagthefinitie GNB lunseua
Fonsuau 12 318 (Biaide Enterobacterales 8 518 (Sovaz 29.6) LLazGNB%ﬁmguq 4 519 (Fovay
14.8)) Q’ﬂaaﬁﬂamé’ﬂLauam%amﬂmﬂdl,ﬂ%qEu'wm&ﬂﬁ] (ventilator associated pneumonia, VAP)
U 11 518 (am?}ya A. baumannii 4 518 (Sewaz 14.8), Enterobacterales 4 518 (598ay 14.8), P.
aeruginosa 1 918 (Fowaz 3.7) LLazﬁjﬂ’mﬁ?}ﬂL%a GNB ¥ilndus 2 8 (Sesay 7.4)) LLasﬁgﬂaaﬁamL%a

USBUS WU maiudaaniz, Rl wazludesisadidiui 4 919 (Reltie Enterobacterales 3 518

v
44 '

(Sewaz 11.1) uagGNBYiABuq 1 518 ($eway 3.7) Nnwaww@enuhlflienuidensulvien
meropenem AnluSowaz 59.1 (13/22) Tungu El uagdeeas 60 (3/5) lungu 1B na191n1unsIaNa
wneLdetndsnngthelasuen meropenem luwdudurian 3-7 Tu wuhdrsmsidndevesielu

nau El winiuFeway 53.8 (7/13) waglungy 1B winfiusewa 33.3 (1/3) (P = 0.54)

4.4. NANNTATIVIZAVYT meropenem (Meropenem plasma concentration)

INNIINTIATEAVYT meropenem Tuwanen 72 feeng ﬁ%ﬂmﬁ 4 (mid-dose, C,;;) Usenau
Lufengu El 91u7u 564 f10e19 wagngu 1B 311U 18 (a8 wavasiaseauenlunalaun 69 feens
7idlae9 8 (trough, Crroug) Usznaulumengu Bl §7u3u 51 fagne uazngy 1B 91uu 18 fegna
WU ALRABITUNAGIN (geometric mean) ¥993EAUEN meropenem 3nMsliBUUY El gand 1B Tne
Coig HANWNAY 17.3 un/a. (95% Cl, 13.7-21.8 un./a.) wag 3.4 un./a. (95% Cl, 1.7-6.7 un./a.)

AUEAIU (P < 0.001) Waw Cyyoug, HANYINAU 2.3 UN/A. (95% CI, 1.6-3.4 Un./a.) uag 0.8 Un./a. (95%

Cl,0.4-1.5 un./a.) MU (P = 0.005) Fsgui 3

wenanilanmsenyindueaumansusznstudiaedinmaningn (53) nuimsiauredls

'
a0

MunAuUnR (augmented renal clearance, ARC) (Husuusdr Ay Ndsraseseduen meropenem

AT AUTeuiBUTEAUEY meropenem senIagUeNlaidne ARC AugUlefidnng ARC
WU mid-dose U1 ARC 92iis¥iiuen meropenem fndgtielaiin1zARC Mamsusms

a o

gILUU El lay 1B ualufinuusnsnsiuegefidedfyvneans (a9 13)
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P <0.001
17.3

Geometric mean of unbound plasma
meropenem concentration (mg/L)
-
[
L

1 P=0.005
4 4 34 23
- 0.8
0 .
Cmid, 50% fT Ctrough, 100%fT
m Extended infusion Intermittent bolus

JUM 3 MsLUSEULTgUTEAUEN meropenem S¥MINNTUSINTEIMETS El Uag 1B 1 mid-dosing intervals
(C gy 50%fFT) g end-dosing intervals (C 100%fT)

troughs

A13197 13 MsLUTeuLiiguseiuen meropenem seninagUaeiliiinTie ARC fiugUaednnwARC

l{{ﬂwﬁhjﬁm'wARC Q’ﬂwﬁﬁquARC p-value?
GM (95% CI) GM (95% CI)
El U 28 518 FIU 26 519
Crnig (1N./80.) 19.9(13.5—29.5) 14.8(11.4—19.1) 0.20
Ctrough (11N./81.) 3.5(2.0—6.1) 1.6 (1.0—2.6) 0.04
IB U 11 579 W 7 579
Crnig (1N./80.) 4.9(2.6—9.2) 1.9(0.4—9.6) 0.14
Crrough (HN./80.) 0.8 (0.4—1.6) 0.9 (0.2—4.2) 0.85

ARC, augmented renal clearance (eGFR > 130 118/U191/1.73 m51.); Cl, confidence interval; Cinigy Unbound plasma
meropenem concentrations at mid-dosing intervals; Ciouen, Unbound plasma meropenem concentrations at
end-dosing intervals; El, extended infusion; GM, geometric mean; IB, intermittent bolus.
foyavoauanadurnadeisnndn (95% CI)

Pvalue 14 two-sample independent t-test Tunsiasgw

4.5. navaagthenilszduen meropenem laAmssiimes PK/PD ansdwiung (PK/PD indices
achievement)

mfinulaase isedueanglae 72 51 Sufiual MIC 118511370 CLSI (Clinical and
Laboratory Standards Institute) 2021 tieUszidiudndiuvesiiendszivendulumu PK-PD targets

fnun TaeA1 MIC breakpoints 98381 meropenem AU 1, 2, 4, 8, kag 16 1n./a. 39NN
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Useidiu PK-PD target wifiu T, $oeag 50 wuimslvienuuu El idadngteninndinistveuy

frfudrfeylunnen MIC breakpoints (g‘uﬁ 4) @1 PK-PD target 11U fT,,,c 50882 100 WU1N

IB pE9iiily
msligwuy El Tdndnugthegeninslieiwuu 1B sgrsddudfgylaud MIC wiiu 1 wae 4 un./a.

(A)
P=0.002 P=0.003 P<0.001 P<0.001 P=0.004
100% 96% 030% <00,
83% ’
72%
56% 56%
22% 17%
MIC =1 MIC =2 MIC =4 MIC =8 MIC =16
(mg/L)
® Extended Infusion Intermittent Bolus
(B)
P=0.005 P=0.09 P=0.02 P=027 P=0.75
71%
51%
. 41%
33% 28%
16%
11% 6% 8% 6%
B
MIC =1 MIC =2 MIC =4 MIC =8 MIC =16
(mg/L)
m Extended Infusion Intermittent Bolus

JUM 4 dadngfthefiliseiugn meropenem lamw1s1dines PK-PD targets: (A) T, Segay 50; (B)

fT. e 30888 100

4.6. wan133nw (Clinical outcomes)
sz U N TuifUlissnuddlulsaneiuia (length of stay, LOS) ndwantasuen

meropenem WulA LOS #Imslsgwuy El tag 1B dAiniu 25 Tu (IQR, 12 - 46 Ju) uaz 29 Tu
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(IQR, 10 - 56 1) mMUaAU (P = 0.94) kazanmsuseiiuomsiifiauszasalann 81nsn1eanad 5o
o3t Aenasenuldludasiiffiaglé$uen meropenem wuhiteiia 2 ngu laifiormsdananvasld
&1 meropenem Bmemsdnsaesammsdetinanelu 30 u weaangUaelasuen meropenem wudn
Tungu fthefildowuy Bl Ttheidedin 2 e Anduesas 3.7 Sefesninngugihenléfusiuuy 1B
%qﬁﬁjﬂaaﬁa%ﬁmﬁwm 3 519 Anludosay 16.7 (P = 0.10) wiliuananstiuegreidedfy naais
fhefiAeTina1nnsinido MDR-GNB fisnaa 2 518 Usznouludaendu 11 578 wag 1B 1 38 89

awnn1sdetinfevandniaufinteainnistdrses el Tnefatiowuaiisy laun P.aeruginosa

WA K. pneumoniae MR
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d' a o a 173
Unyl 5 d@3Unan1siay anusiena vatdusuuy

NNMIANITEAUET meropenem 71 mid-dose Wag trough senitanguienlasueuuy El
waengudUaenlaTuewuy 1B nanms3denuinnslien meropenem wungn 40 un./nn./Ase feds El
l#sE6ueT meropenem 7 mid-dose wag trough gj\'m’hm‘ﬂﬁm meropenem U181 20 UnN./nAN./
A3 e 1B s luedndnvesithenifisyiuenduluma PK-PD targets Tungu El fiunnninngy 18
= U Aﬂsj a a 1 v 4 1 o v
feudweuuaiiiounsuauazlimes) meropenem (MIC < 2 un./a.) mslveuwuy 1B Aliauasainla
Sosay 30 vouEUredlseuenda PK-PD target 71T, Sovaz 50 lg

81 meropenem Juen beta-lactams Fs3neglungu carbapenem aunsneengvisATEUAAY
Wegatnlavateylla dnldSnuwidUitedngafstalulsaneiuialag@nizive MDR-GNB
Enterobacterales, P. aeruginosa waz A.baumannii (54) PK-PD targets ¥8481 meropenem NADINT
& o Y o o o & a a v 1 I3 P
Ao fT.,c 3988z 40-50 ol meropenem annsandnenuaiiseld sgnelsionu T, Sovay
100 1¥u PK-PD targets idndudmiudiaeingsitefiaglien meropenem anunsosingeuunisels
pe1ailUsE AVEN Mg gaLazanleMAinN 15ARE1VBLTRLUATIGY Tt TaiuNAE NSN3 NI
Aatn (5,55-57)

= L L3 2 @ ! 4
‘i]’mfﬁ'iﬂﬂi’f}’]l,ﬂﬁ‘di]auvzﬁﬁﬁﬁﬂiz“mﬂiIUQU’JEJLG]ﬂW‘U’N M5 leN meropenem VUIA 20 UN./

v
=

nN./A39 fETs 1B 9N 8 alu 4 AT PTA 409 fT,,c Seeag 50 winiuesay 50 unawile1 PTA Liuuy
@ v A o t2 & Y Y aa o4 &

Jufesas 80 1ilesin15l1en meropenem Y110 40 4n./nn./A33 10 8 Falua 833 El Wialve
P.aeruginosa i MIC 1nfiu 2 1n./a. (15) uonainin1sinwaes Cies JJ. wazamzwuIile MIC a1
whilu 2 un./a. M3liign meropenem wuIA 20 un/nn. M35 1B 90 8 Falus LaA1 PTA 984 fT,
Soway 80 wiriuseeay 16 usA PTA agiiududeray 68.6 Naeliiaiinislien meropenem wun 40
un/nn. mEds El yn 8 Hlus 91nn1s@nwilnudy n1slien meropenem w19 40 un./nn. AE35 El
N 8 Falus dsediven C, . Wwaswniu 17.3 un./a. wag meropenem YU1A 20 UN./AN. METs 1B 90 8
1Y) ~ o a | ) & 1 v = Y v
Falag fdeediven C,y Waainfu 3.4 un/a. nuaseiveagiula hmslivun eefigenudiunmsti

guU El ilbisgAuen meropenem genitmsleiuuuniuas s aseuagual MIC vaaitioldifiu 8

v
a

un/a. wihaddelaslififhenlasuerunatesiussnitnguitiannsadSeuieuBnslienla
Tngsse Jelunddomsiielungu Bl fawieenlu 2 wiweangu 1B udlungu El dssfuaniu 2 w1

veangu (B uanslinudlifissusvunnenfifidviwa soseiugwiiosnmsliien AdawaiusysuludUaedme

I

wufiu waganmaSeuiieudadiuiUiesenienguiifisefuendulumu PK-PD target wuinlvinaide

a v =

fademdefumsinwindyeauransuszannslugUaein tudie MIC dawinfu 2 un/a. wuid

dnenudihenisziuenlu fT,,, Sovaz 100 dmsungu IB waz El Aeudrasm laedmwinfiuiosas 28
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uaz 51 puddu (3U7 4B) Faunafiuruing meropenem 1y 160 un/nn./fu AUANUMTUIM S
gIUUVEAEN8EeR Ll (continuous infusion, CI) 8193y @ 15aLfiaIA PTA 84 fT.,, Souay 80-
100 oetamzludUaeingala (12, 58)

ftheing adweBanmiiuAsuuadl UBaAalutasiigaeiinne sepsis 3o septic shock 3
danansznuiiuAnduaumanivengy beta-lactams laud Usinamsnszaneiueseiinty uay
nenavrdiampnsidnenfifiutuauin augmented renal clearance (ARC) shil¥iszdusngu beta-
lactams slalifisanosemssnwm (2, 59-61) InMSANEILNEY IaUMERSUsE1NTVBIE meropenem
Tugitheiinmnsmings wui eGFR WWushud sideyfisiansznusen sidnen meropenem Toegfiae
#nfifinnag ARC agdlseiuen meropenem shndnithedilaifinme ARC (53) SeeniAdoillinafiednoeds
fu Toetheriniifinnng ARC axdiszdugn meropenem sndnifiedilaifining ARC wiilaiflmuumnsing
fusgnafi toddymeadd tlesanvuiadieg e sise ldifisanefiagiliduanuweansalé
aeslsfimugthefiiining ARC fimsgnimsanliiinsifiuuingl meropenem uag/vidolfmenuily
msliien wazaneuddeliAudeyamslden vasopressors/inotropes Fafdvdwationavzdmanems
\innnae ARC 91ndeyanudngitie ARC Tungu 1B In1slden vasopressor/inotropes laiunnsnsiiugtae
ARC nga! El

TugfleRinguilnn sz e Suthefidaasiomnsnil e sindvaaurn ansves el fondia s
Aansaise v imanzanlufias lususifertuile MORGNB AfluudldufiasAesings
carbapenem Lty Fetfunsasafinauszdiugl meropenem envagiulssleviflumsdissny,
fteusiars1eld Fedlmsfinun randomized control trial (RCT) Tugflug) wudnnsnsrafinmuszdiuen
beta-lactams a'm1sal%tﬁu%%awsiumaU%’mmumﬂﬁmﬁmmzamﬁuﬁﬂaa% (40, 62) WZRLTUNS
ATIAARILSTAUEN meropenem AmsgniuliusslevilumssnufUasdnivuiu

fawin msfinwraul vesie9uinnislie) meropenem wuu prolong infusion (El %3 Cl)
e9lAAN PTA 110n3NSAEILUU 1B (12, 15, 63) WAAMHULANAIIIBINAaNSIUNITSNYIN9AaTEN
seing 2 naudaduiitiugs egrdlsfmu vssAfordludlvguesdinasaaouléihnslfor beta-
lactams WUy prolong infusion flduiAendes funadndiiat ulumsnisnymiseddnuas §ns1ms
\FeTinanas (64, 65) LaganmsAnw RCT Tutiin wuinmsliien meropenem wuu prolong infusion
yhlnadnilumsinwmeedtines fueitu SanmadeTinanns uayszoziailunisldisioss
mieladuas (66) uAseiiuandidiuingmsnndedinnelu 30 FundandUaelasuen meropenem
e EI 9z mningtenldiuene 1B wdlidenuusnssiuegaiifodAnym aadin e e

fheg19ve991tdeilllunneRaSeuisuamnuwanssla
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ndayamIngIafuses TBMlATziseiue1 meropenem wandliiiuing AT limun
Bnsdmiunniaiasedue meropenem femalln HPLC-UV Nflanugniasuazusugigalums
AT RITEAUET meropenem Bnvistumeulum snseuiiognslig e nuardudou Yieusendaviantu
MInATIERIEIUeN sanunsadunldussleviluneeddnlalusunaalaaladuuinsmsainssiuen
° o el Y v A v & o
meropenem @MULIWENFRINMIMIUTEAUET meropenem lugeiiienagldilunuimslumsuiu
UM SN an dmsuitiewsiae e wagegluanideillaldusslevdanniinisnsninseiu
a Y o & a s 1 = DA
81 meropenem lunsuszil usy fuglugtieiining marnmstieluguiuui1ee Fauanaliiauin
= v & i 1 o o v U = ) A ' ) v
fawliweazlwosn meropenem widmiugUlpunesenlaanunsad sedven Mdisaneronssnuila
TngtanzgUielasuen meropenem 1A 20 1n./An/ATa 90 8 Falus AIT5 1B AeuN150TI3
Aenusziiue meropenem ludthedngrenaaziiinlemanifeasdsziivenlulunu PK-PD targets
" I3 Y o w s o A a PN A = o 1%
wisgelsimudedninluanuifed fe liddeyaiiuieuieusedugn meropenem 3100151887
meropenem UL IABINUNUIMITEINETS El 1WBuiU IB Medudelianunsolaninanuuanaaue s
TUL1INNTUTINTEN 2 kuulalaenss wazmyinsginslden meropenem lugieusass1eli

frugnsioauaz uiug fasendevisseAvewazdeyayatine1wesg Ui winsfinwdliden MIC 7

| Y ¥
=

waieresfieiituide inldenndemsussdiudgianuiasse it wdof sduendulumy PKPD
targets udwielal Snanide Teslaifimnuanunsaiiismeiios Tamnuuans seskaswENTS YIS
padnsyyinannsTiuuy El uae 1B 1lesannvunangudnediaenaaslaiiiie ez iseudisuans
wanenale

msaeRamusEAuEITuIBn stz ndmsun s vuau s sIeN beta-lactams 7

wingaudmsud Uie TesamglunguiUigings wilulagiuaniuneruiadlgdslineeiinigmsia

Ananuse e meropenem Faidunilalusfifl unuandrdyuinlunisdesiunazinmnlseinide

v
a v

Tneanzluftiedin Jsainaiddelduduldinmsesafinnusssue meropenem Tugthedniiudu
ad oo a a = v o e w o D YR %
BnsndvssavsnmigatunslddusumsdmsuimusguuuumslieniuangauiugUaela
NnaATeasulad wuuwunslvin meropenem wu1m 20 un./nn/mss n 8 Fala s
18 laimsldlugaeingmin laeiamzaas empirical treatment ilesinuuunaunsiienivilissdu
enbalifieanesion1sing dstusuginlilduuuununisliien meropenem vuaen 40 4n./NN./AST YN 8
Flus mes Bl llesanyhlimsihwanuise aseurquasitienosls (MIC < 8 un./a.) useegalsina
AT sATIARanIN s AU mUgiun A1 MIC el uwumislumsuiuauine waz/m3e

Wslvgmngauiugtheusay e
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Objectives: To compare the unbound plasma meropenem concentrations at mid-dosing intervals (Cpg,
50%fT), end-dosing intervals (Cyoyugn, 100%fT), and proportions of patients achieving 50%fT and 100%fT
above minimum inhibitory concentration (MIC) (50%fT.yc and 100%fT.\yc) between extended infusion
(EI) and intermittent bolus (IB) administration in a therapeutic drug monitoring (TDM) program in chil-
dren.
Methods: A prospective observational study was conducted in children aged 1 month to 18 years receiv-
ing meropenem every 8 hours by either EI or IB. Meropenem Cpg, Cyougn, and proportions of patients
achieving 50%fT.yyc and 100%fT.yc were compared.
Results: TDM data from 72 patients with a median age (interquartile range [IQR]) of 12 months (3—37)
were used. Meropenem dose was 120 and 60 mg/kg/day in EI and IB groups, respectively. Geometric
mean (95% confidence interval [CI]) Cpig of EI versus IB was 17.3 mg/L (13.7-21.8) versus 3.4 mg/L (1.7-
6.7) (P <0.001). Geometric mean (95% Cl) Cyougn Of El versus IB was 2.3 mg/L (1.6—3.4) versus 0.8 mg/L
(0.4-1.5) (P=0.005). Greater proportions of patients achieving 50%fT.yc and 100%fT.\yc were observed
in the EI group.
Conclusions: A meropenem dose of 20 mg/kg/dose given by IB should not be used in critically ill
children, even if they are not suspected of having a central nervous system infection. A dose of 40
mg/kg/dose given by EI resulted in higher Cyiq. Cirouen. and proportions of patients achieving 50%fT . yic
and 100%fT . pyc.
© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

(Tacconelli et al,, 2014). In addition, critical illnesses such as sep-
sis alter the pharmacokinetics of antibiotics, including increased

Hospital-acquired infections due to multidrug-resistant Gram-
negative bacteria (MDR-GNB), including Acinetobacter bauman-
nii, Pseudomonas aeruginosa, and Enterobacterales, are the cause
of high morbidity and mortality rate in intensive care units

* Corresponding author: padol Wacharachai: 1, B.Sc. (Pharm), M.D,, Ph.D.,
Clinical Pharmacokinetics and Pharmacogenomics Research Unit, Department of
Pharmacology, the Faculty of Medicine, Chulalongkorn University, 1873 Rama IV
Road, Pathumwan, Bangkok, Thailand, 10330. Phone: +6622564481.

E-mail address: Noppadol. W@chula.ac.th (N. Wacharachaisurapol).

https://doi.org/10.1016/j.ijid.2022.04.052

volume of distribution and increased drug clearance, especially in
the first few days of illnesses (Roberts and Lipman, 2009). Sub-
sequently, plasma drug levels may be subtherapeutic when given
by standard-dose regimens, even in susceptible strains of Gram-
negative bacteria (Chongcharoenyanon et al., 2021; Kumar, 2010;
Roberts et al., 2014).

Meropenem is a broad-spectrum antibiotic commonly used
for nosocomial infections caused by MDR-GNB (Bassetti et al,
2019). The desired pharmacokinetic (PK)-pharmacodynamic (PD)
index of meropenem is the unbound plasma meropenem con-
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centrations above the minimum inhibitory concentration (MIC)
(fT.mic) at least 40% of the time between dosing intervals (40%
fT_mic) (Nicolau, 2008). In more severe infections, 100% fT_yyc
may be required. A recently published randomized controlled
trial (RCT) comparing intermittent bolus (IB) with extended in-
fusion (EI) of piperacillin found that the EI group had better
antibiotic exposure (Chongcharoenyanon et al., 2021). Population
PKs with dose simulation studies of meropenem in both adults
and children demonstrated a greater probability of target at-
tainment (PTA) by EI administration compared with IB adminis-
tration, especially for bacteria with increased MICs (Cies et al.,
2017; Jaruratanasirikul et al., 2011; Kongthavonsakul et al., 2016;
Ohata et al., 2011; Ulldemolins et al., 2015). Furthermore, a meta-
analysis in 2018 demonstrated that prolonged infusion (extended
or continuous infusion) is associated with a more significant clin-
ical improvement and lower mortality (Yu et al, 2018). Ther-
apeutic drug monitoring (TDM) has been recommended as a
tool to improve the dose optimization of beta-lactams, includ-
ing meropenem, in critically ill patients (de With et al, 2016;
Mabilat et al., 2020; Muller et al., 2018). However, TDM for beta-
lactams is not routinely available at most institutions, especially
for children. The best approach to maximize efficacy would be to
optimize initial dosing combined with TDM. The primary objec-
tive of this study was to compare the unbound plasma meropenem
concentrations at the mid-dosing intervals (Cy,4, 50% fT) and end-
dosing intervals (Cyyoug. 100% fT) between EI and IB administra-
tion in critically ill pediatric patients. Secondary objectives were
to compare the proportions of patients who achieved targeted PK-
PD indices and clinical outcomes, including length of hospital stay
(LOS) and 30-day mortality rate.

2. Materials and methods
2.1. Study design and settings

This prospective observational study was conducted at the King
Chulalongkorn Memorial Hospital, a tertiary care university hos-
pital in Bangkok, Thailand. Eligibility criteria for enrollment in-
cluded (1) age one month to 18 years, (2) receiving =3 doses of
meropenem intravenous injection for suspected or proven MDR-
GNB infections, and (3) being available for a vascular catheter for
blood collection. Patients with a bodyweight of <3 kg, having a
history of meropenem allergy, receiving another medication that
could potentially cause drug interaction with meropenem such as
probenecid and sodium valproate, and those receiving renal re-
placement therapy or extracorporeal membrane oxygenation were
excluded. Patient data were collected, including demographic data
(age, sex, body weight, height, serum creatinine, and comorbid-
ity), microbiology data, meropenem dosing regimen, concomitant
anti-GNB antibiotics, the use of vasopressors/inotropes, potential
adverse drug reaction related to high meropenem concentration
(encephalopathy or seizure) (Schoenenberger-Arnaiz et al., 2020),
and clinical outcomes (LOS and 30-day mortality).

This study was approved by the Institutional Review Board of
the Faculty of Medicine, Chulalongkorn University (IRB no. 417/63).
The clinical trial registry number was TCTR20200901002 (http:
/lwww.clinicaltrials.in.th). Written informed consent was obtained
from parents, and written informed assent was obtained from pa-
tients aged =7 years if appropriate before study enrollment.

2.2. Meropenem dosing and administration

Meropenem dosing ultimately depended on primary physician
judgment. However, the most frequently prescribed meropenem
doses at our institution were 20 and 40 mg/kg/dose given intra-
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venously every 8 hours by either IB (0.5 to 1-hour infusion) or EI
(3-hour infusion) administration.

2.3. Blood sampling

After >3 doses of meropenem were given, blood samples (3 mL
of whole blood/sample in an ethylenediaminetetraacetic acid tube)
were collected at 4 hours (Cpyg) and 8 hours (Cirougn) after start-
ing meropenem administration. Blood samples were centrifuged at
4°C, 4500 rpm for 10 minutes within 1 hour after collection. The
plasma samples were stored at -80°C until analysis.

2.4. Meropenem determination

Meropenem concentrations were measured at the Clinical Phar-
macokinetics and Pharmacogenomics Research Unit, Department of
Pharmacology, Faculty of Medicine, Chulalongkorn University, using
validated high-performance liquid chromatography with the ultra-
violet detection (HPLC-UV) method, as previously described with
some modifications (Briscoe et al., 2012). In brief, 500 pL of plasma
sample was placed into an Amicon Ultra-0.5 mL 30,000 molecu-
lar weight cutoff centrifugal filter device and centrifuged for 30
minutes at 15,600 g, 4°C. An aliquot of 200 pL ultrafiltrate was
transferred to an autosampler vial and vortex mixed for 30 sec-
onds with 10 pL of ampicillin sodium (internal standard) and 10 uL
of 1.0 M 2-(N-morpholino)ethanesulfonic acid buffer (pH 6.6) be-
fore proceeding with the chromatographic analysis. The chromato-
graphic separations were performed at ambient temperature (33°C)
on a Luna 5 pL C18, liquid chromatography column 250 x 4.6 mm
using a 1.3 mL/min flow rate for 11 minutes and 30 pL injection
volume. The peak of interest was detected by UV absorbance at the
wavelengths of 304 nm for meropenem and 250 nm for ampicillin.
A linear range of 0.5-50 mg/L meropenem (lower limit of detec-
tion = 0.5 mg/L) could be quantified with appropriate accuracy and
precision. Regression coefficients were > 0.999 for all analytes. The
intra- and inter-day accuracy and precision for meropenem quality
control samples were conducted. The results were all within the
acceptable range of variation and deviation (<15%).

2.5. Definitions

PK-PD indices included 50% fT.pc and 100% fT.yc. A 50%
fT_mic was defined as an unbound plasma meropenem concen-
tration maintained above the MIC at the mid-dosing interval
(Cinig =MIC). A 100% fT. ;e was defined as an unbound plasma
meropenem concentration maintained above the MIC at the end
of a dosing interval (Cyoygy >MIC) (Roberts et al,, 2014). Cutoff
MICs for Enterobacterales, P. aer and A. b il recom-
mended by the Clinical and Laboratory Standards Institute (CLSI)
(2021) (Clinical and Laboratory Standards Institute, 2021) were
used as surrogate MICs. Empirical treatment was defined as a
meropenem-prescribing indication according to the clinical syn-
dromes and before knowing microbiological data. Targeted treat-
ment was defined as a meropenem-prescribing indication accord-
ing to the known microbiological result of MDR-GNB. MDR-GNB
was defined as the Gram-negatives resistant to at least three
classes of antibiotics usually used for their treatment. Clinical
outcomes included LOS and 30-day mortality. LOS was defined
as the number of days from the first day of meropenem initi-
ation to the discharge date. Furthermore, 30-day mortality was
defined as death from any cause occurring within 30 days af-
ter meropenem initiation. Patients who were discharged before 30
days were considered alive. Regarding the fact that there is a lack
of consensus about the augmented renal clearance (ARC) defini-
tion adapted to age-specific glomerular filtration rate (GFR) refer-
ence values for pediatric patients (Dhont et al., 2020), ARC was de-
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fined as an estimated GFR (eGFR) of =130 mL/min/1.73 m2, which
is the most commonly used definition reported in pediatric studies
(Rhoney et al., 2021). The eGFR was calculated using the modified
Schwartz equation: eGFR = k x height/serum creatinine, k = 0.413
(Schwartz et al., 2009).

2.6. Sample size and statistical analysis

On the basis of a previous study on adults (Dulhunty et al,
2013), the proportion of participants in the EI and IB groups who
had plasma beta-lactam concentrations that exceeded the MIC was
82% and 29%, respectively. Using 90% power for a two-sided sig-
nificance level of 5% and a ratio of 3:1 regarding meropenem is
more likely to be prescribed by El in our institution; 54 partici-
pants were enrolled in the EI groups and 18 participants were en-
rolled in the IB groups.

Data analysis was performed using Stata version 15.1 (Stata-
Corp, College Station, Texas). Patient demographic data were sum-
marized using median with interquartile ranges (IQR) for contin-
uous variables and counts with percentages for categorical vari-
ables. The primary outcomes (meropenem Cpig and Cyrougn) Were
presented as the geometric means with 95% confidence intervals
(CIs) and compared between groups using the two-sample inde-
pendent t-test. Recently, (Yonwises et al., 2021) conducted a popu-
lation PK study of meropenem in infants and found that ARC was a
significant covariate on plasma meropenem concentrations. There-
fore, we compared meropenem Cpg and Cyougn between patients
with or without ARC in both EI and IB groups. The proportions of
patients who achieved targeted PK-PD indices and 30-day mortal-
ity were compared between groups using the chi-square test or
Fisher's exact test. LOS was compared between groups using the
Wilcoxon rank-sum test. All P-values reported are two-sided. Sta-
tistical significance was defined as P < 0.05.

3. Results
3.1. Patient demographics

From November 2020 to September 2021, 72 pediatric patients
were enrolled in this study (EI, n = 54; IB, n 18). The me-
dian age was 12 months (IQR 3—37 months). A total of 70 (97.2%)
patients had comorbidities; chronic cardiac disease was the most
common (44.4%). All patients in the EI group received meropenem
40 mg/kg/dose (range 38-40) every 8 hours, and all patients in
the IB group received meropenem 20 mg/kg/dose (range 20-21)
every 8 hours. Meropenem was initially prescribed as empirical
treatment for 69 (95.8%) patients and targeted treatment for 3
(4.2%) patients. Of the patients with meropenem empirical treat-
ment (El, n = 53; IB, n = 16), 24 patients (El, n = 21; IB, n = 3)
continued using meropenem as a targeted treatment after known
microbiological data. Patient demographics classified according to
meropenem administration methods are summarized in Table 1.

3.2. Meropenem plasma concentrations

There were 72 samples of plasma meropenem Cpq (EI n = 54;
IB = 18) and 69 samples of plasma meropenem Cyyougy (EL n = 51;
IB = 18). The geometric mean of unbound plasma meropenem
Cpig Was significantly higher in the EI group compared with the
IB group, 17.3 mg/L (95% Cl, 13.7-21.8 mg/L) versus 3.4 mg/L (95%
Cl, 1.7-6.7 mg/L), respectively (P < 0.001). The geometric mean
of unbound plasma meropenem Cirougn Was significantly higher
in the EI group compared with the IB group, 2.3 mg/L (95% CI,
1.6—3.4 mg/L) versus 0.8 mg/L (95% Cl, 0.4—1.5 mg/L), respectively
(P = 0.005) (Figure 1). Regarding ARC status, the geometric mean
of unbound plasma meropenem C;q was lower in patients with
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ARC than those without ARC in both EI and IB groups (Table 2) but
without a statistically significant difference.

3.3. Microbiological data

Of the 72 included patients, Gram-negative bacteria were iso-
lated from 27 (37.5%) (22 from the EI group and five from the IB
group) patients with bloodstream infections (Enterobacterales = 8,
29.6%; other GNB = 4, 14.8%), ventilator-associated pneumonia
(A. baumannii = 4, 14.8%; Enterobacterales = 4, 14.8%; P. aerugi-
nosa = 1, 3.7%; other GNB = 2, 7.4%), and other infections (En-
terobacterales = 3, 11.1%; other GNB = 1, 3.7%). Among culture-
positive patients, 59.1% (13 of 22) in the EI group and 60% (3 of 5)
in the IB group were repeated culture 3-7 days after meropenem
initiation. The microbiological eradication rate was 53.8% (7 of 13)
in the EI group versus 33.3% (1 of 3) in the IB group, P = 0.54.

3.4. PK-PD indices achievement

Cutoff MICs of 1, 2, 4, and 8 mg/L recommended by
CLSI 2021 and one extra MIC of 16 mg/L were used for PK-PD in-
dices achievement evaluation. For the PK-PD index of 50% fT. yyc,
the EI group had a higher proportion of patients achieving the tar-
get than the IB group in all MIC breakpoints (Figure 2A). For the
PK-PD index of 100% fT_yyc, the EI group had a higher proportion
of patients achieving the target than the IB group only with the
MIC < 1 mg/L (71% vs 33%, P = 0.005) and MIC < 4 mg/L (41% vs
11%, P = 0.02) (Figure 2B).

3.5. Clinical outcomes

The median LOS was 25 days (IQR, 12-46 days) in the EI group
versus 29 days (IQR, 10-56 days) in the IB group (P = 0.94). There
were no patients who developed encephalopathy or seizure during
the period they received meropenem in both groups. The 30-day
mortality rate was 3.7% (2 of 54) in the EI group versus 16.7% (3
of 18) in the IB group (P = 0.10). One fatality case from each group
was related to MDR-GNB infection.

4. Discussion

Our study explored the unbound plasma meropenem C ;4 and
Cirough in pediatric patients receiving meropenem by EI or IB ad-
ministration methods. The findings revealed that the EI administra-
tion method in line with a higher dose of meropenem resulted in
significantly higher unbound plasma meropenem Cpjq and Cyoygn-
Accordingly, the proportion of patients achieving PK-PD indices
was also greater. Even with a MIC cutoff of <2 mg/L (susceptible
breakpoint for P. aerug and A. b it), using a usual dose
of meropenem of 20 mg/kg given by IB administration method ev-
ery 8 hours could not achieve a target of 50% fT_yc in almost 30%
of patients.

Meropenem, a carbapenem antibiotic, is a broad-spectrum an-
tibiotic used for the treatment of nosocomial infections caused by
MDR-GNB, including Enterobacterales, P. aeruginosa, and A. bau-
mannii, especially in patients with severe or life-threatening dis-
eases (Zhanel et al.,, 2007). Meropenem requires 40-50% fT_c as
a PK-PD target to ensure bactericidal activity. However, a target of
100% fT. pyc may be necessary for critically ill patients to ascertain
maximal bactericidal activity, minimize the emergence of antimi-
crobial resistance, and improve clinical outcomes (Abdul-Aziz et al,,
2020; Li et al.,, 2007; Roberts et al., 2010; Tam et al., 2002).

Meropenem pediatric dose recommendation from the package
insert is 10-30 mg/kg/dose intravenously every 8 hours to treat
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Figure 1. Geometric mean of unbound plasma meropenem concentrations at mid-dosing intervals (Cuig. 50% fT) and end-dosing intervals (Ctrough, 100% fT) between

treatment groups.
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Table 1
Patient demographics classified according to meropenem administration methods.
Total (N = 72) Extended infusion (N = 54) Intermittent bolus (N = 18)  P-value®
Age (months) 12 (3-37) 12 (4-36) 11 (3-40) 0.68
Female 40 (55.6) 29 (53.7) 11 (61.1) 0.58
Weight (kg) 7.6 (4.4-14.8) 8.8 (4.8-15.0) 5.2 (3.6-14.2) 0.41
Height (cm) 68.0 (54.8-97.0) 69.8 (56.3-92.3) 60.5 (53.5-99.0) 0.41
BMI for age and sex (z-scores)
Normal (-2SD to +2SD) 41 (56.9) 33 (61.1) 8 (44.4) 0.22
Underweight (= -2SD) 22 (30.6) 15 (27.8) 7 (38.9) 0.38
Overweight (> +25D) 9 (12.5) 6 (11.1) 3 (16.7) 0.68
Baseline eGFR (mL/min/1.73 m?) 123.1 (94.1-159.2)  127.9 (99.7-161.9) 119.0 (86.8-157.4) 0.79
Received vasopressors/inotropes 42 (58.3) 30 (55.6) 12 (66.7) 041
Patients with ARC 33 (45.8) 26 (48.1) 7 (38.9) 0.50
Patients with ARC received vasopressors/inotropes 13 (18.1) 9 (16.7) 4(22.2) 0.73
Meropenem indication
Sepsis/CRBSI/CLABSI 55 (76.4) 41 (75.9) 14 (77.8) 0.87
Ventilator-associated pneumonia 11 (15.3) 10 (18.5) 1(5.6) 027
Others” 6(8.3) 3 (5.6) 3(16.7) 0.16
Overall meropenem duration (day) 11 (7-16) 12 (7-16) 11 (8-16) 0.89
Co-morbidity® 70 (97.2) 52 (96.3) 18 (100) 0.41
Chronic cardiac disease 32 (44.4) 18 (33.3) 14 (77.8) <0.01
Receiving immunosuppressive agent 9 (125) 8(14.8) 1(5.6) 043
Malignancy 8 (11.1) 8(14.8) 0 0.19
Chronic liver disease 5 (6.9) 5(9.3) 0 0.32
Others 22 (30.6) 18 (33.3) 4(222) 0.56
Received concomitant anti-GNB antibiotics 29 (40.3) 23 (42.6) 6(33.3) 0.49
Colistin 12 (16.7) 9(16.7) 3(16.7) 0.99
Amikacin 11 (153) 9 (16.7) 2 (11.1) 0.72
Sulbactam 7(9.7) 5(9.3) 2(111) 0.99
Ceftazidime 6(8.3) 5(9.3) 1(5.6) 0.99
Others 8 (11.1) 8(14.8) 0 0.19

Data are shown as median (IQR) or n (%).

2 P-value of median test for median; Pearson’s chi-square test or Fisher's exact test for proportions.

b Others included skin and soft-tissue infection, urinary tract infection, and intra-abdominal infection.

© Some patients have more than one comorbidity ARC = augmented renal clearance (eGFR = 130 mL/min/1.73 m?); BMl = body mass index;
CLABSI = central line-associated bloodstream infection; CRBSI = catheter-related bloodstream infection; eGFR = estimated glomerular filtration rate;

GNB = Gram-negative bacteria; SD = standard deviation.

Table 2
Comparisons of unbound plasma meropenem concentrations classified by
patients without and with augmented renal clearance.

Patients without ARC ~ Patients with ARC ~ P-

GM (95% CI) GM (95% CI) value’
El N=28 N =26
Crnia (mg/fL) 19.9 (13.5-29.5) 14.8 (11.4-19.1) 0.20
Crrougn (mg/L) 5(2.0-6.1) 1.6 (1.0-2.6) 0.04
1B N=11 N=7
Ciig (mg/L) 9 (26-9.2) 1.9 (0.4-9.6) 0.14
Crrougn (Mg/L) 8 (0.4-1.6) 0.9 (0.2-4.2) 0.85

Data are shown as geometric mean (95% CI).

? P-value of two-sample independent t-testARC = augmented renal
clearance (eGFR = 130 mL/min/1.73 m?); CI = confidence interval;
Cpia = unbound plasma conc ions at mid-dosing inter-
vals; Cyougn = unbound plasma meropenem concentrations at end-dosing
intervals; EI = extended infusion; GM = geometric mean; IB = intermit-
tent bolus.

nonmeningitis diseases (United States Food and Drug Administra-
tion, 2016). However, treatment guidelines for MDR-GNB in chil-
dren suggest higher doses (Hsu and Tamma, 2014). For MDR-
GNB with meropenem MICs of <2 mg/L, a meropenem dose of
40 mg/kg/dose intravenously every 8 hours is recommended. For
MDR-GNB with meropenem MICs of 4-8 mg/L, the 3-hour EI strat-
egy of meropenem 40 mg/kg/dose should be applied to achieve
the PK-PD target. Meropenem should also be prescribed in com-
bination with other anti-GNB antibiotics to treat carbapenem-
nonsusceptible strains (MICs breakpoint of >1 mg/L for Enterobac-
terales; MIC breakpoint of =2 mg/L for P. aeruginosa and A. bau-
mannii). Meropenem might not be effective for treating MDR-GNB
with meropenem MICs of =8 mg/L.
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A population PK study in children showed that the PTA for
achieving 50%fT..\yc was only 50% using a meropenem dose of 20
mg/kg 1B every 8 hours when the meropenem MIC was 2 mgjL.
However, the PTA was improved to 80% by using a meropenem
dose of 40 mg/kg administered by the EI method every 8 hours
(Ohata et al., 2011). The current study revealed the same direc-
tion but with a higher proportion of patients achieving the PK-PD
target (Figure 2A). For a stricter PK-PD target of 80% fT.;c when
meropenem MIC is 2 mg/L, the PTA of using a meropenem dose of
20 mg/kg IB every 8 hours was only 16%. The PTA was improved
to 68.6% by using a meropenem dose of 40 mg/kg 4-hour infusion
every 8 hours (Cies et al., 2017). The proportion of our patients
achieving 100% fT.p;c when meropenem MIC is 2 mg/L was low
as 28% in the IB group and 51% in the EI group (Figure 2B), simi-
lar to Cies et al. results. A higher dose of meropenem, such as 160
mg/kg/day administered by continuous infusion, should be consid-
ered to improve a PTA for 80%—100% fT_yyc, especially in severely
critically ill patients (Cies et al., 2017; Cojutti et al.,, 2015).

Several pathophysiological changes occur during critical ill-
nesses such as sepsis and septic shock. These conditions frequently
result in increased volume of distribution and occurrence of ARC,
especially in the first few days, and cause insufficient hydrophilic
antibiotic concentrations, including meropenem (Avedissian et al.,
2017; Blot et al., 2014; Gongalves-Pereira and Pévoa, 2011;
Roberts and Lipman, 2009; Udy et al, 2013). A population PK
study in critically ill infants found that eGFR was a significant
covariate that impacts the clearance of meropenem; infants with
ARC had lower plasma meropenem levels (Yonwises et al., 2021).
Our study findings also showed a similar trend. Patients with ARC
had lower plasma meropenem concentrations than those without
ARC, although it was not a statistically significant difference.
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Therefore, besides meropenem dose reduction in patients with
impaired kidney function recommended in the package insert, a
higher dose should be recommended in patients with ARC. How-
ever, there is a lack of consensus about ARC thresholds adapted
to age-specific GFR reference values for the pediatric population
(Dhont et al., Pediatr Nephrol 2020). Therefore, we selected the
most commonly used definition reported in pediatric studies, 130
ml/min/1.73 m? (Rhoney et al., Pharmacotherapy 2021).

In critically ill patients, multiple factors that may influence PK
parameters are frequently present at the same time, making the
prediction of appropriate antibiotic concentrations extremely diffi-
cult. Simultaneously, MDR-GNB has been developing carbapenem
resistance over time. Therefore, meropenem TDM should be used
to facilitate individualized patient care. In addition, the benefit of
TDM-based dose adaptation of beta-lactam antibiotics was proved
in adult RCT studies (De Waele et al., 2014; Sime et al., 2015).
Therefore, meropenem TDM should also be implemented in crit-
ically ill pediatric patients.

Although many studies reported that prolonged infusion (ex-
tended or continuous infusion) of meropenem could improve the
PK-PD target achievement compared with IB (Cies et al, 2017;
Ohata et al., 2011; Zhou et al., 2021), the clinical outcomes among
different administration methods remain controversial. However,
some studies from both adults and children demonstrated a po-
tential benefit of prolonged infusion on patient treatment out-
comes. In adults, meta-analyses showed that prolonged infusion of
beta-lactams was associated with a greater clinical improvement
and lower mortality (Roberts et al., 2016; Vardakas et al., 2018).
In pediatric patients, one RCT explored the clinical outcomes us-
ing prolonged infusion versus IB administration of meropenem to
treat neonates with Gram-negative late-onset sepsis. It was found
that prolonged infusion was associated with more significant clin-
ical improvement, microbiologic eradication, lower mortality, and
shorter duration of respiratory support (Shabaan et al., 2017). The
current study showed a lower 30-day mortality rate using a higher
dose of meropenem with EI administration but without a statis-
tically significant difference (3.7% in the EI group versus 16.7% in
the IB group [P = 0.1]). This nonstatistically significant result was
probably because of the lack of the necessary power to evaluate
clinical outcomes as they are not the study’s primary outcome.

This study had several strengths. First, a validated plasma
meropenem determination method was established successfully
and will soon be implemented into clinical practice. Second, the
study’s findings underscored that even with susceptible pathogens,
plasma meropenem levels potentially be subtherapeutic. Third, the
results also confirmed that critically ill pediatric patients with in-
creased renal function were more likely to have lower plasma
meropenem levels. Finally, without a TDM approach, it is possible
that PK-PD indices will not be obtained.

There were a number of limitations to this study. First, data
comparing plasma meropenem levels using the same dose of
meropenem given by El versus IB methods were not available.
Therefore, the direct effect of the different administration meth-
ods on drug levels could not be demonstrated. Second, the indi-
vidualized PK-PD indices achievement could not be made owing to
the unavailable MIC data of the individuals. Performing the MIC
testing in line with TDM should be encouraged to ensure ade-
quate drug exposure. Third, the study was designed to examine
meropenem levels using various administration methods in a natu-
ral clinical setting. Thus, the benefit of EI on clinical outcomes was
an exploratory analysis with insufficient power to detect any dif-
ference between different administration methods. A comparative
study with a larger number of study participants is required.

In conclusion, a meropenem dose of 20 mg/kg/dose given in-
travenously every 8 hours by IB should not be used in critically ill
children even if they are not suspected of having a central nervous
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system infection regarding potential subtherapeutic levels. A high
dose of meropenem of 40 mg/kg/dose given intravenously every 8
hours by EI could cover resistant organisms with the MICs of <8
mg/L. TDM should also be performed to ensure meropenem dose
optimization.
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Background: Population pharmacokinetic analysis in critically ill infants remains a challenge for lack of
information.

Objectives: To determine the population pharmacokinetic parameters of meropenem and evaluate the
covariates affecting population pharmacokinetic parameters.

A prospective study was conducted on 35 patients. A total of 160 blood samples were col-
lected and determined free of drug concentrations of meropenem. Population pharmacokinetic data were
analyzed using NONMEM software. Internal validation methods, including bootstrapping and prediction-
corrected visual predictive checks, were applied to evaluate the robustness and predictive power of the

Results: A one-compartment model with first-order elimination showed the best fit to the data.

The typical clearance (CL) values and volume of distribution (V4) were 1.33 L/h and 2.27 L, respec-
tively. Weight and creatinine clearance were influential covariates for CL, while weight was a significant
covariate for V4 of meropenem. The model evaluation results suggested robustness and good predictabil-
ity of the final model. The standard dosage regimens of meropenem achieved 40% f T.yc but not enough
if a more aggressive target of 80% f T.ac at MIC value of > 16 pg/mL is desired.

This population pharmacokinetic model could be used for suggesting individualized

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0()

Methods:
Keywords:
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Critically ill final model.
Infants -
Conclusions:
meropenem dosage regimens in critically ill infants.
Introduction

The development of infections in critically ill patients is a dra-
matic problem since mortality and morbidity rates remain high.
Antimicrobial therapy may not always be practical because patho-
physiological changes associated with the course of the disease
and treatment interventions may often alter drug pharmacokinet-
ics (PK) (Mattioli et al., 2016). Moreover, the intrinsic physicochem-
ical properties of hydrophilic antimicrobials such as meropenem

Running title: Meropenem Population PK in Infants
* Corresponding author: Wanchai Treyaprasert, Ph.D., Department of Pharmacy
Practice, Faculty of Pharmaceutical Sciences, Chulalongkorn University, 254 Phay-
athai Road, Pathumwan, Bangkok, Thailand, 10330. Telephone: +66 2218 8408
E-mail address: twanchai@chula.ac.th (W. Treyaprasert).

https://doi.org(10.1016/].ijid.2021.08.031

have to be considered at a much higher risk of inter-individual PK
variations (Pea et al., 2005).

Meropenem is commonly administered for the treatment of se-
vere infections in critically ill patients. Meropenem has a time-
dependent bacterial killing characteristic, which means the free-
drug concentration above the minimum inhibitory concentration
(MIC) at least 40% of the time of the dosing interval (40% f T.mc)
is associated with optimal activity (Braune et al, 2018). Under-
standing the PK of meropenem in the specific population is vi-
tal for establishing an effective dosage regimen. Previous studies
also suggest that the PK of meropenem in critically ill patients
differs from healthy volunteers (Binder et al., 2013, Cies et al,
2017). Pathophysiological changes in critically ill patients have a
profound effect on both volume of distribution (V4) and clear-

1201-9712/© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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ance (CL) of meropenem (Blot et al., 2014). Thus, developing a
meropenem population PK model in critically ill patients may be
considered a rational approach to optimize individual dosing regi-
mens (Crandon et al., 2011, Wang et al., 2020). Data from the de-
velopment population PK of meropenem in critically ill infants are
limited (Cies et al., 2017, Kongthavonsakul et al., 2016, Wang et al.,
2020). To our knowledge, a population PK analysis in critically ill
infants has never been reported.

Considering the high PK variability in critically ill patients and
the lack of population PK information on meropenem in such pa-
tients, a population PK model of meropenem in Thai critically ill
infants were performed in this study. This study aimed to deter-
mine the population PK parameters of meropenem and evaluate
the covariates affecting population PK parameters in critically ill
infants.

Materials and Methods
Patients and data collection

A prospective, open-label, population pharmacokinetic study
was conducted in the pediatric intensive care unit between Febru-
ary 2020 and February 2021 at King Chulalongkorn Memorial Hos-
pital, a tertiary care teaching hospital in Thailand. This proto-
col was approved by the Institutional Review Board of the Fac-
ulty of Medicine, Chulalongkorn University (IRB no. 565/62). It
was given the Thai Clinical Trials Registry, registration number
TCTR20191106001 (https://www.thaiclinicaltrials.org). Written in-
formed consent was obtained from the parents of the infants be-
fore participating in the study.

The inclusion criteria were aged one month to two years, re-
ceiving meropenem therapy and admitted to the pediatric inten-
sive care unit (PICU); for patients admitted outside the PICU their
criteria were as follows: (i) diagnosed with sepsis or septic shock
(ii) had quick SOFA scores = 2 (Schlapbach et al., 2018) (iii) receiv-
ing the vasopressor drug, and (iv) using invasive mechanical ven-
tilation. Patients were excluded from the study if they met one of
the following criteria: (i) known or suspected hypersensitivity to
meropenem (ii) weight < 3,000 g (iii) preterm birth history (iv)
estimated creatinine clearance (CLcg) < 50 mL/min/1.73 m? (v) re-
ceiving renal replacement therapy or kidney transplant (vi) receiv-
ing extracorporeal membrane oxygenation and (vii) receiving co-
administration of valproic acid, probenecid, and ceftriaxone.

Data collection from critically ill infants included patient demo-
graphic characteristics (gender, age, weight, and height), diagnosis,
comorbidities, the dosage of meropenem, concomitant medications
(e.g., inotropic drug and diuretic drug), biochemistry (e.g., serum
creatinine), presence of invasive mechanical ventilation and other
factors.

Dosing regimen and blood sampling

Meropenem (Mapenem™: Siam Pharmaceutical Co., Ltd.,
Bangkok, Thailand) was administered as an intravenous infusion
over 1 or 3 h at 20-40 mg/kg/dose every 8 h. Blood samples were
collected at a steady-state after administration of the second dose
of meropenem.

Blood samples were drawn from a central venous catheter at 1
(1-h infusion regimen only), 2, 3 (3-h infusion regimen only), 4, 6,
and 8 h post-dose, resulting in a total of five blood samples per
patient. All blood samples were collected into heparinized tubes
and centrifuged at 4,000 rpm for ten minutes. The serum was sep-
arated and stored at —80°C until analysis.
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Meropenem concentration determination

The free drug concentrations of meropenem were quanti-
fied using a validated high-performance liquid chromatography
with ultraviolet (HPLC-UV) detector (Shimadzu, Kyoto, Japan)
(Briscoe et al., 2012) at the Department of Pharmacology, Faculty
of Medicine, Chulalongkorn University. The chromatographic sepa-
ration was performed with a Luna 5 pm C18, LC Column 250 x 4.6
mm (Phenomenex, California, United States of America). The UV
detection of standard and internal standard were performed at
304 nm and 250 nm, respectively; 400 pL of the plasma samples
was subjected to ultrafiltration using an Amicon Ultra-0.5 mL cen-
trifugal filter device with 30,000 molecular weight cut-offs (Mil-
lipore, Cork, Ireland). The device was centrifuged for 30 min at
15,600 x g. An aliquot (200 L) of the ultrafiltrate was then trans-
ferred to an autosampler vial and vortex mixed for 30 s with 10 pL
of ampicillin sodium and 10 pL of 1.0 M MES buffer (pH 6.6) before
proceeding with the chromatographic analysis. The standard curve
for the meropenem bioassay ranged from 0.5 to 50 pg/mL, and the
regression coefficients (r2) were 0.999. The assays’ accuracy and
precision were evaluated by calculating the lower limit of quantifi-
cation (LLOQ) using quality control samples at low, medium, and
high concentrations of the calibration ranges. All results met the
bioanalysis acceptance criteria of the US Food and Drugs Adminis-
tration.

Population PK analysis

The population PK of meropenem was analyzed by non-linear
mixed-effect modeling using NONMEM version 7.4.3 (Icon Devel-
opment Solutions, Ellicott City, MD, USA). The NONMEM runs were
executed with PDx-Pop version 5.2.1 (Icon Development Solutions,
Ellicott City, MD, USA). The usual first-order conditional estimation
with interaction (FOCE-I) method was used throughout. One- and
two-compartment models with first-order elimination were eval-
uated as the base structural model. The interindividual variability
in the PK parameters was evaluated using additive, proportional,
and exponential error models. Additive, proportional, exponential,
and combined proportional and additive error models were used
to access the residual variability.

Model discrimination was performed by the objective function
value (OFV) and the Akaike information criterion (AIC).

Covariate analysis was performed after the selection of the base
model. For covariate screening, potential covariates were selected
based on physiological plausibility and prior knowledge. The influ-
ence of each covariate was first screened using a scatterplot of a
parameter versus covariates. Subsequently, direct covariate testing
was conducted using the stepwise method to establish the full and
final model.

The covariates considered for testing included sex, age, body
weight (WT), CLcg estimated with the Bedside Schwartz equation
(Schwartz and Work, 2009), use of mechanical ventilation, use of
vasoactive medications, sepsis or septic shock, and congestive heart
failure. The continuous covariates (such as age, WT, and CLcg) were
centered on their median values and were tested via linear, power,
and exponential models. The categorical covariates (such as sex,
use of mechanical ventilation, use of vasoactive medications, sepsis
or septic shock, and congestive heart failure) were also examined
with linear, proportional, power, and exponential models. During
the covariate model-building process, stepwise forward inclusion
and backward elimination approaches were employed. Reductions
in the OFV of at least 3.84 (p < 0.05) and of greater than 6.64 (p <
0.01) were required for a covariate to be considered significant in
the forward inclusion and backward elimination steps, respectively.
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Table 1 Table 2
Demographic characteristics of the study patients. Summary of the covariate models development.
Characteristics Value’ Process OFV A OFV?
Female (%) 19 (54.29) Stepwise forward addition
Age (months) 7.53 (1.13-22.50) Structure model
Weight (kg) 5.70 (3.00-15.02) WT impact on CL 731,677 -23.918
Creatinine clearance (mL/min/1.73 m?) 112.43 (63.54-239.20) WT impact on Vg 755.595 -21.172
Sepsis or septic shock (%) 16 (45.71) CLeg impact on CL 713.392 -18.285
Congestive heart failure (%) 4(11.76) VEN impact on CL 709.079 -4.313
The use of vasoactive medications (%) 17 (48.57) Stepwise backward elimination
The use mechanical ventilation (%) 19 (54.29) Full model
4 Data are expressed as median (interquartile range) or n(%). WT impact on CL 759.190 +45.798
WT impact on Vg 740.560 +27.168
1000 CLcg impact on CL 731.677 +18.285

f.'

v <%

Meropenem concentration (pg/mL)

0.1 + u
0 1 2 3 4 5 6 7 8 9

Time after dose (h)

Figure 1. Meropenem concentrations (unbound) of critically ill infant patients.

Model Evaluation

Visual evaluation methods (goodness-of-fit plots) were applied
to evaluate the performance of both the base and final models.
The precision of the parameter estimates was expressed as rela-
tive standard error (RSE, %) and confidence intervals (CI). The RSE
were directly computed by NONMEM, and a value <30% for fixed
effects and <50% for random effects were considered acceptable
(Alvarez et al., 2021). A nonparametric bootstrap method was used
to verify the robustness of standard approximations for parame-
ter uncertainty of the final model. One thousand bootstrap data
sets were generated by resampling from the original data set. Me-
dian parameter values and the 2.5™-97.5™" percentile from boot-
strap estimates were compared with the final model estimates. A
prediction-corrected visual predictive check (pcVPC) was also per-
formed by simulating 1,000 patients to evaluate the predictive per-
formance of the final model. Visual checks were performed by
overlaying the observed data points with the 95%Cl of the simu-
lated 5™, 50, and 95™ percentile curves.

Results
Patient characteristics and clinical data

A total of 35 critically ill infant patients (16 males and 19 fe-
males) were included in the study. Of these patients, the median
age was 7.53 months (range 1.13-22.50 months), median WT was
5.70 kg (range 3.00-15.02 kg), and the median CLcg was 112.43
mL/min/1.73 m? (range 63.54-239.20 mL/min/1.73 m?). Seventeen
patients (48.57%) received vasoactive medications, and 19 patients
(54.29%) received mechanical ventilation. The demographics of pa-
tients are shown in Table 1.

Population PK model
The free meropenem concentration-time profile is shown in
Figure 1. A one-compartment model best described the data with

first-order elimination as demonstrated by an OFV of 776.767 and
AIC of 788.767 versus an OFV of 815.672 and AIC of 835.672 for the
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2 A OFV represents changed value of OFV in the model compared with the
value in the model with addition or elimination of covariate.

comparison between a one-compartment and two-compartment
model, respectively. Interindividual variability was modeled using
an exponential model. Residual variability was described with a
combined proportional and additive error model.

Gender (SEX), age, WT, CLcg, sepsis or septic shock (SEPSK),
congestive heart failure (CHF), vasoactive medications (VASD), and
mechanical ventilation (VEN) were selected as candidates for the
covariate to use in the covariate model. The examined covariates,
SEX, SEPSK, CHF, and VASD, did not show significant covariate ef-
fects (p > 0.05) on any of the PK parameters. When age and WT
were incorporated into the basic model for each PK parameter, all
of them markedly improved the fit (decrease of OFV greater than
3.84, p < 0.05). Because of the high collinearity (r = 0.733) be-
tween age and WT, only WT that produced the most significant
decrease of OFV was added on each of the PK parameters to avoid
a collinearity effect (Du et al., 2006).

The resultant full model included CL¢g, WT, and VEN as covari-
ates for CL, WT for V4. During the backward elimination process
to find the final model, it was found that VEN could be excluded
from the full model without causing a significant increase of the
OFV (4.313, p = 0.01). The model building process is summarized
in Table 2.

The population parameter estimates of the final model for CL
and V4 were 1.33 L/h and 2.27 L, respectively. The effect of covari-
ates on meropenem CL and V4 were included as shown in equa-
tions (1) and (2).

CL = 1.33 x exp(0.126 x (WT- 5.70)) + 0.0085 x (CLcg -112.43)
(1)

V4 = 2.27 x exp(0.139 x (WT-5.70)) (2)

Where CL is clearance (L/h), V4 is the value of the volume
of distribution (L). In the formula, WT and CLcg represent body
weight and creatinine clearance, respectively.

After incorporating significant covariates in the final model, in-
terindividual variability concerning the basic model was reduced
from 59.2% to 28.95% as CV for CL and from 48.6% to 28.02% as CV
for Vy, respectively.

Model evaluation

Model diagnostics showed acceptable goodness-of-fit for the fi-
nal model of meropenem.

It was observed that the scatterplots of PRED and IPRED versus
observed concentration symmetric, distributed around the identity
line (Figure 2A and B). Besides, the scatterplot of the population
predicted concentration (PRED) and time after dose versus condi-
tional weighted residuals (CWRES), demonstrated a good distribu-
tion of the point around the zero lines. Most of the points were
within the range of -2 and 2, indicating that the model was sig-
nificantly well fitted (Figure 2C and D). Bootstrap analysis was per-
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Figure 2. The goodness-of-fit plots of the final model.
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conditional weighted residuals (CWRES) versus population predicted concentrations; (D) conditional weighted residuals (CWRES) versus time.

Table 3

Population PK parameter estimates of base model, final model, and bootstrap analysis.

Base model Estimate (RSE, %), 95%

Final model Estimate (RSE, %), 95%

Parameters a a Bootstrap Median (Range”)
CL (L/hr) 1.47 (10.7), 1.33 (6.69), 1.33
1.16-1.78 1.16-1.50 (1.16-1.52)
Vg (L) 2.58 (9.61), 2.27 (7.93), 228
2.09-3.07 1.92-2.62 (1.93-2.67)
fwr.a = 0.126 (14.7), 0.121
0.0850-0.167 (0.0577-0.162)
fa a = 0.00850 (16.6), 0.00867
0.00458-0.0124 (0.00442-0.0132)
Owr. va = 0.139 (23.5), 0.141
0.0990-0.179 (0.0999-0.196)
Interindividual variability
CL (CV, %) 59.2, (24.0), 28.95, (36.4), 27.62
43.13-71.83 15.49-37.95 (16.46-38.47)
Vg (CV, %) 48.6, (31.9), 28.02, (41.0), 31.30
29.77-61.89 12.41-37.68 (12.00-37.82)
Residual variability
proportional (CV, %) 2713, (234), 28.0, (23.1), 27.97
20.07-32.71 20.71-33.76 (20.88-34.64)
additive (pg/mL) 0.474, (38.3), 0.463, (35.0), 0457
0.237-0.628 0.259-0.601 (0.0985-0.834)

CL, clearance; Vg4, volume of distribution; WT, weight;
Clg, creatinine clearance (mL/min/1.73 m?); CV, coefficient of variation;
RSE, relative standard error; Cl: confident interval

4 (2.5%-97.5 percentiles) of 1,000 bootstrap.

formed to assess the accuracy and robustness of the estimation pa-
rameters from the final model. The 1,000 bootstrap data set was
generated by resampling with a success rate of 99.9%. The result
of the bootstrap analysis is shown in Table 3. The median val-
ues of parameter estimates from the bootstrap were close to the
population estimates in the final model. The significance of covari-

loaded for A

ates was further verified by the results showing that all param-
eters’ 95% CI did not include null. The symmetric 95% CI of the
final model was also consistent with the 2.5%-97.5% percentile of
bootstrap estimates, indicating the accuracy and robustness of the
proposed model. The result of the pcVPC is shown in Figure 3. As
seen in
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Table 4
Dosage regimens and % f T_yyc for meropenem in critically ill patients in this study.
Weight- based dosing %f T.mic
8 h (mg per dose
a8 h (mg perdose) T D) MIC 2 (ng/mL) MIC 4 (pg/mL) MIC 8 (ng/mL) MIC 16 (g/mL)
Infuse (h) Infuse (h) Infuse (h) Infuse (h) Infuse (h)
1 3 1 3 1 3 1 3 1 3

60 77 86 61 69 46 50 28 21 9 0
90 85 94 70 79 55 61 38 40 21 0
100 88 96 73 82 57 65 41 45 24 0
120 91 100 77 86 61 69 46 50 28 21
150 96 100 81 90 67 74 51 57 35 33
160 98 100 83 92 68 75 52 58 36 36
200 100 100 88 96 73 82 57 65 41 45
240 100 100 91 100 77 86 61 69 46 50
300 100 100 96 100 81 90 67 74 51 57
320 100 100 98 100 83 92 68 75 52 58
360 100 100 100 100 85 94 70 79 55 61
400 100 100 100 100 88 96 73 82 57 65
450 100 100 100 100 90 99 75 84 60 67
480 100 100 100 100 91 100 77 86 61 69
600 100 100 100 100 96 100 81 90 67 74

100 150

Meropenem concentration (pg/mL)
50

Time after dose (h)

Figure 3. Prediction-corrected visual predictive check (n = 1,000 simulations) of
the final model. The solid lines represent the 5, 50, and 95" percentiles of the
observed concentrations; the 3 shaded areas represent the 90% confidence intervals
for corresponding percentiles.

Figure 3, less than 10% (5.23%) of observed data points fall out-
side a 90% prediction interval.

It was demonstrated that the model and parameter estimates
adequately described the observed data. Furthermore, the pcVPC
with the final covariate model confirmed the model's goodness-of-
fit to the observed data.

The calculated results of %fT_y;c for meropenem in critically
ill infants were conducted. The prediction of %fT.yyc for various
meropenem regimens against the MICs of 1 pg/mL, 2 pg/mL, 4
pg/mL, 8 pg/mL, and 16 pg/mL are shown in Table 4.

Discussion

In the present study, a one-compartment PK model with first-
order elimination was appropriate to describe PK data, consis-
tent with previous studies (Bradley et al., 2008, Germovsek et al.,
2018, Smith et al., 2011, van den Anker et al., 2009). In the final
model, CL of meropenem was influenced by CLcg and WT. The
most significant covariate of meropenem apparent CL was CLcg.
This finding is consistent with previous studies (Du et al., 2006,
Parker et al., 1995, Wang et al, 2020). The explanation is that
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meropenem is a hydrophilic drug and is eliminated by glomeru-
lar filtration (Nicolau, 2008). The effect of altered kidney func-
tion on meropenem plasma concentration is demonstrated from
the simulation (Figure 4B), as shown in the discussion. At the
same meropenem dose administered, patients with impaired kid-
ney function had a higher meropenem level, while patients with
augmented kidney clearance had a lower meropenem level. WT
was also a significant covariate for meropenem CL and could be ex-
plained by the correlation between WT and the age of patients. In
this study, patients with greater WT indicated older age and were
more likely to have a mature kidney function comparing patients
with lesser WT.

In agreement with several previous studies (Du et al, 2006,
Ikawa et al., 2010, Ohata et al., 2011, Parker et al., 1995, Wang et al.,
2020), we found that there was a relationship between V4 of
meropenem and WT. The mean of the estimated CL and V4 val-
ues were 1.33 L/h and 2.27 L, respectively. The median estimated
weight-normalized CL and V, were 0.23 L/h/kg and 0.4 L/kg, re-
spectively. They were similar to the values reported previously
(Blumer et al., 1995, Parker et al., 1995, Smith et al., 2011). The
estimated CL in this study was lower than in several other stud-
ies (Cies et al., 2017, Kongthavonsakul et al, 2016, Wang et al.,
2020) when stratified according to age and WT. Kongthavonsakul
and colleagues (Kongthavonsakul et al., 2016) reported that the
mean value of CL was 6.53 L/h in 14 children (aged 4.5 to 11.8
years). Cies et al. (Cies et al., 2017) suggested the median CL was
0.42 L/h/kg in nine critically ill young children (aged one to nine
years). Wang et al. (Wang et al., 2020) reported that the median
CL was 0.43 L/h/kg in 57 critically ill infants and children (aged
0.101 to 14.4 years). A trend of increased CL was observed with
the increasing age of the patients due to impaired kidney function
during the first two years of life due to normal growth and devel-
opment (Rodieux et al,, 2015). Our study investigated data in crit-
ically ill infant patients with congenital heart disease 47.06% and
congestive heart failure 11.76%. Congenital heart disease can be as-
sociated with renal injury and dysfunction (Zheng et al., 2013).

The estimated V4 of 0.4 L/kg in this investigation seems com-
parable to the values reported in previous studies (Blumer et al.,
1995, Bradley et al., 2008, Smith et al., 2011). The estimated V4
differs from the value of V4 in the previous populations, including
neonates, young infants, infants, and children (Germovsek et al,
2018, Ikawa et al., 2010, Kongthavonsakul et al.,, 2016, Ohata et al.,
2011). The data from the lkawa et al. (lkawa et al, 2010) and
Ohata et al. (Ohata et al., 2011) studies were collected from in-
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== 3-h infusion
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Time (h)

E

Meropenem concentration (pg/mL)

=+ +CLcr 60 mL/min/1.73 m*
= CLcg 120 mL/min/1.73 m*
CLcr240 mL/min/1.73 m?

L4 ng/mL

Time (h)

conc

Figure 4. Simul

profiles of

P for critically ill infant patients receiving 40 mg/kg q 8 h (A) patients with normal renal function administered as

intravenous 1 h and 3 h infusion (B) patients with abnormal renal function administered as an intravenous 3 h infusion.

fants and children and suggest the V4 are 0.012 L/kg and 0.019
L/kg, respectively. Germovsek et al. (Germovsek et al., 2018) sug-
gested the value of V4 was 0.259 L/kg in neonates and young in-
fants. Kongthavonsakul et al. (Kongthavonsakul et al., 2016) inves-
tigated children with a severe infection and reported the value of
V4 was 0.097 L/kg. The Vg4 of drugs changes in children as they
age. These age-related changes are due to changes in the total body
water spaces such that extracellular water decreases during devel-
opment, from 70% total body weight in newborns to 61.2% in 1-
year-old infants (Batchelor and Marriott, 2015). Our data suggest a
larger Vg4 estimate for meropenem than previously mentioned be-
cause this study collected data in critically ill patients with sepsis
and septic shock who sustain capillary leakage out of the blood
and who receive intravenous fluids (Blot et al., 2014).

The population PK model developed in this study has helped
establish dosage regimens of meropenem administered over 1-h
and 3-h infusions. Based on the current population analysis results,
we simulated the concentration-time curves for critically ill infants
(Figure 4). The results suggest that the time of free drug concentra-
tions above the MIC should be prolonged by 3-h infusion adminis-
tration, as shown in Figure 4A. Figure 4B shows the effects of CLcg
on the typical population PK profiles of meropenem for each type
of patient and under the same dosing schedule used in the current
study. It is found that CLcg has a much more significant impact
on plasma disposition of meropenem in patients with renal insuf-
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ficiency (CLcg < 60 mL/min/1.73 m?) and augmented renal clear-
ance (CLcg > 130 mL/min/1.73 m?2). The results of % f T_yyc at var-
ious MIC values, calculated as various regimens, are summarized in
Table 4. Meropenem dosage regimens as weight-based dosing in-
cluded 20, 30, and 40 mg/kg every 8 h as a 1-h and 3-h infusion in
patients with the weight of 3, 5, 8, 10, 12, and 15 kg, as a weight
range of 3 to 15 kg was seen in this population. It was found that
a dose of 60 mg appears adequate to achieve 40% f T. ¢ at MIC
values of 1 pg/mL, 2 pg/mL, and 4 pg/mL. If the MICs were to in-
crease to 8 and 16 pg/mL, it would be necessary to increase the
dose to 100 mg and 200 mg to achieve the target %f T.yc value
of > 40, respectively. For a more aggressive target of 80% f Ty, a
dose of 200 mg would not be enough to treat patients with MIC of
16 pg/mL. Yu et al. (Yu et al., 2018) suggest that the extended in-
fusion can prolong the % f T.y;c and improve antibacterial activity.
24-h continuous infusion regimens may be necessary to achieve
80% f T.mic. Based on these findings, we believe that a dose of
60 mg can provide appropriate pharmacodynamic exposure of 40%
f Tomic for Gram-negative organisms up to breakpoint for Pseu-
domonas aeruginosa of 4 pg/mL. However, confirmation with a clin-
ical investigation in critically ill infants is warranted.

Our study is, to our knowledge, the first report on the popula-
tion PK of meropenem in critically ill infants aged one month to
two years. Population PK and pharmacodynamic exposure are di-
rectly analyzed from free drug concentrations. This study has some
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limitations. The final model of meropenem was only internally val-
idated; external validation was not implemented due to the limited
number of patients. In addition, the efficacy and safety of simu-
lated meropenem dose r were not eval d in the current
study.

Conclusions

A population PK model of meropenem in critically ill infants
was developed and validated. It was found that the clearance of
meropenem was correlated with creatinine clearance and body
weight, whereas the volume of distribution was correlated with
body weight. This population PK model could be used for suggest-
ing individualized meropenem dosage regimens in critically ill in-
fants.
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