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CID - Uzlasi Toplantisi - 2011

« Staphylococcus aureus

* Enterococcus spp.

* Enterobacteriaceae
 Pseudomonas aeruginosa
* Acinetobacter spp.

Magiorakos AP et al. Clin Microbiol Infect 2011
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Prevalence, Predictors, and Outcome of Resistance to All

— s Jx
First-line Agents
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Table 1. Phenotypic Definitions of Difficult-to-Treat Resistance and Centers for Disease Control and Prevention-defined Individual Resistance Phenotype
Among 5 Taxa of Gram-negative Bloodstream Infections

Definitions Agents Included Defining Criteria
2015 CDC definitions
Carbapenem resistant® Imipenem, meropenem doripenem ertapenem® Resistance to >1 carbapenem (Escherichia coli, Klebsiella spp,

Enterobacter spp); intermediate or resistant to >1 carbapenem
(Pseudomonas aeruginosa, Acinetobacter baumannii)

Extended-spectrum Ceftazidime, cefepime, ceftriaxone,® Resistance to >1 extended-spectrum cephalosporin
cephalosporin-resistant® cefotaxime®
Fluoroquinolone resistant® Ciprofloxacin, levofloxacin, moxifloxacin® Resistance to =1 fluoroquinolone

Proposed definition

Difficult-to-treat resistance Intermediate or resistant to all reported agents in carbapenem, B-lactam, and fluoroquinolone categories (includ-
ing additional agents® when results available)

Abbreviation: CDC, Centers for Disease Control and Prevention.

*Based on 2015 CDC definitions.

®Applicable for Enterobacteriaceae only.

“Not applicable for P aeruginosa.

DTR assessment requires in vitro testing against >1 carbapenem, >1 extended-spectrum cephalosporin, and >1 fluoroguinolone.

fIntermediate or resistant to piperacillin-tazobactam and ampicillin-sulbactam (A. baumannii only) and intermediate or resistant to aztreonam (not applicable for A. baumanniil. These drugs
were only included in the assessment of DTR when results were reported.

1804 « CID 2018:67 (15 December) « Kadriet al



Difficult-to-Treat AntibioticResistant Gram-Negative
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Fig 4. WHO Bacterial Priority Pathogens List, 2024
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Current options for the treatment of infections due to extended-
spectrum beta-lactamase-producing Enterobacteriaceae in different
groups of patients

B. Gutiérrez-Gutiérrez , ]. Rodriguez-Bano

Table 1
Definitions used for the classification of patients in this review
Dimension Classificaton Conditions
Severity at Severe Any of the following:
presentation Pitt score =4, APACHE Il score =10,

ICU admission, and presentation
with severe sepsis or septic shock

Non-severe All others
Source of High risk High-inoculum Infections, drainage
infection not possible or inadequate

(e.g. pneumonia, endocarditis,
inadequately drained deep-seated

infections)
Intermediate Not included in high or low risk
risk (e.g. vascular catheter Infection

with catheter removal, drained
biliary tract
or intra-abdominal)

Low risk Urinary tract Infection without
obstruction or released obstruction

Immune status Severely Any of the following: neutropenia

immunocompromised (=500/ul), leukaemia, lymphoma,
HIV infection with <200 CD4/ul,
solid organ
or hematopoietic stem cell
transplantation, cytotoxic
chemotherapy, steroids
(=15 mg of prednisone daily
for =2 weeks).

Non-severe All others

51

]

Steermye J, Herman M, Reeves B, Savowvic |, Berkman N, Viswanathian M, et al,
ROBINS-I: = ool for assessing risk of bias in non-randomized studices of in-
terventions. BN 2016 355.

Higesins |, Stermme |, Savowvic |, Fase M, Hrobjartsson A, Bouoon | et slb
A revised ool for assessing risk of bias in randomized trials, In: Chandler |,
NMcKenaze |, Boutron |, Welch V., editors,. Cochwwane methods. Cochrrane data-
base syst_. Rev: 2016, p,. 29-31. 10 (Suppl 1)
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Table 2. 2024 Clinical and Lahoratory Standards Institute Susceptible Breakpoints for Select Gram-Negative Organisms and Antibiotic Combinations as
Suggested in the IDSA AMR Guidance Document®

Enterobacteraies Pseudomonas aeruginosa Carbapenem-Resistant Acinetobacter Stenotrophomonas maitophilia
Antibiotic (pg/mL) (pg/mL) baumannii (pg/mL) (pg/mL)
Amikacin <4 <18%
Ampicillin-sulbactam <8/4
Aztreonam <4 <8
Cefepime <2° <8 .- .
Cefiderocol =4 =4 =4 =<1
Ceftazidime =4 <8
Ceftazidime-avibactam <8/4 <8/4 >
Ceftolozane-tazobactam <2/4 <4/4
Ciprofloxacin <0.25 <0.5 5
Colistin or Polymyxin B =9 d 4
Doxycycline <4 et :
Ertapenem <0.5
Fosfomycin <64° A 7
Gentamicin <2 st
Imipenem <1 =2 .
Imipenem-relebactam <1/4 <2/4 .
Levofloxacin <0.5 <1 <2
Meropenem <1 =2
Meropenem-vaborbactam <4/8 et o ”
Minocycline <4 <4 <1
Nitrofurantoin <32 2
Piperacillin-tazobactam <g/af <16/4
Plazomicin <2 o -
Sulbactam-duricbactam . <4/4
Tigecycline .8 S 5
Trimethoprim-sulfamethoxazole <2/38 s <2/38
Tobramycin <2 =<1 >

“For full details of antibiotic susceptibility testing interpretations refer to: Clinical and Laboratory Standards Institute. 2024. M100: Performance Standards for Antimicrobial Susceptibility
Testing. 34th ed. Wayne, PA. CLSI M100 document is updated annually; susceptibility criteria subject to changes in 2025.

®Breakpoints only available for infections originating from the urinary tract.

“Isolates with cefepime minimum inhibitory concentrations (MICs) of 4-8 ya/mL are susceptible dose-dependent.

“No susceptible category for colistin or polymyxin B; MICs <2 pg/mL considered intermediate.

®Applies to Escherichia coli urinary tract isolates only.

"Isolates with piperaciilin-tazobactam MICs of 16 pg/mL are considered susceptible dose-dependent.

SNo Clinical and Laboratory Standards Institute (CLSI) breakpoint. Food and Drug Administration {FDA) defines susceptibility as MICs <2 pg/mL.
"Neither CLSI nor FDA breakpoints are available.



Table 1. Suggested Dosing of Antibiotics for the Treatment of Antimicrobial-resistant Infections in Adults, Assuming Normal Renal and Hepatic function®®

Amikacin

Ampicillin-sulbactam

Cefepime

Cefiderocol

Caftanidime-avibactam

Ceftazidime-avibactam PLUS
aztraonam

Caftolozane-tazobactam

Ciprofloxacin

Colistin

Eravacyclhina

Ertapenam

Fostomycain
Gentamicin

Imipenam-cilastatin

Imipenem-cilastatin-relebactam

Levofloxacin
Maropanem

Meropenem-vaborbactam
Minooyaline
Nitrofurantoin

Plazomicin

Polymyxin B
Sulbactam-duriobactam

Tigecyclina
Tobramycin

Trimethoprim-sulfamethoxazola

Uncomplicated cystitis: 16 mg/kg IV a5 a single dosa

Pyelonephritis or complicated urinary tract infections: 16 ma/kg IV once; subsequent doses and dosing Interval based
on pharmacokinatic avaluation

Additional information in Supplementary Maternial

Administer a total daily dose of 9 grams of sulbactam via 1 of the following regimens:

a9 grams of ampicillin-sulbactam (6 grams ampicillin, 3 grams sulbactam) 1V every 8 h, infused ovar 4 h

27agrams of ampicillin-sulbactam (18 grams ampicillin, 2 grams sulbactam) IV as a continuous Infusion over 24 h
Additional informaton in Supplemantary Material.

Uncomplicated cystitis: 1 gram IV every B8 h, infused over 30 min

All other Infections: 2 grama IV evary 8 h, infused over a3 h

2 grams IV every B h, infused over 3 h

CrCL =120 mL/min: 2 grams IV every 6 h, infused over 3 h

2.5 grams IV avary 8 h, infused over 3 h

Ceftazidime-avibactam: 2.6 grams IV every 8 h, infused over 3 h PLUS (administered simultaneously via Y-site
administration) Aztreonam: 2 grams IV avery 8 h, infused over 3 h

Additional information in Supplementary Material

Uncomplicated Cystitis: | .6 grams IV every 8 h, Infused over 1 h

All other infactions: 3 grams IV avery 8 I, infusad ovar 3 h

Uncomplicated cystitis: 400 milligrams IV every 12 h or 600 milligrams PO aevery 12 h

All other infections: 400 milligrams IV evary 8 h OR 750 milligrams PO avary 12 n

Refer to intarnational consensus guidslines on polymyxins (Tsuji BT, et al Pharmacotherapy. 2019; 39:10-39).

1 ma/kg per dose IV evary 12 h

1 gram IV evary 24 h, Infused ovar 30 min

Additional information in Supplementary Material

Uncomplicated cystitis: 3 grams PO as a single dose

Uncomplicated cystitis: 5 mao/kg IV as a single dosa

Pyelonephritis or complicated urinary tract Iinfections: 7 ma/kg IV once; subsaequent doses and dosing nterval based
on pharmacokinatic avaluation

Additional information in Supplemeantary Matarial,

Uncomplicated cystitis: GO0 mg IV every 6 h, infused over 30 min

All other infections: S00 mg IV evary 6 h, Infusad over 3 h (f feasibla) Additional Information in Supplameantary Material,
1.26 grams IV aevery 8 h, infused over 30 min

Additional information in Supplemantary Material.

All infections: 750 milligrams IV/PO every 24 h

Uncomplicated cystitis: | grams IV avery 8 h, Infusad ovaer 30 min

All other infections: 2 grams IV every 8 h, infused over 3 h (if feasible) Additional information In Supplementary Material,
4 grams |V every 8 h, Infused over 3 h

200 milhgrams IV/PO asvery 12 h

Macrocrystal/monohydrate (Macrobid®). 100 mg PO avary 12 n

Oral suspension: 50 milligrams PO evary 6 h

Uncomplicated cystitis: 15 ma/kg IV as a single dose

Pyelonephritis or complicated urinary tract infections: 165 mg/kg IV once; subsequent dosss and dosing intarval based
on pharmacokinatic evaluation

Additional information in Supplementary Material.

Rafer to internationsl consansus guidalines on polymyxins (Tsuji BT, et al Pharmacotharspy. 2019:39:10-39)
Sulbactam 1 grarmy/duriobactam 1 gram (2 grams total) IV avary 6 h, infused ovar 3

CrClL =130 ml/min; Sulbactam 1 gram/duriobactam 1 gram (2 grams total) IV every 4 h, nfused ovar 3 h

Additional information in Supplementary Matenal,

200 mg IV as a single dose, than 100 mg IV avery 12 h

Uncomplicated cystitis: 5 mg/kg and the AST profile of the pathogen, IV as a single doss

Pyelonephritis or complicated urinary tract Infections: 7 mg/kg IV once, subsequant doses and dosing interval based
on pharmacokinatic avaluation

Additional information in Supplementary Material,

Uncomplicated cystitis: 160 mg (tnmethoprnm compaoanant) IV/PO avaery 12 h

Other infections: 10-15 mg/kg/day (trimethoprim componant) IV/PO divided avery 8 to 12 h

Additional information in Supplementary Material.

Abbroviations: CrCl, creatinine clearance,; IV, intravonous, PO, entorally.
“Dosing SUQoestions lMmited 1o organisms and iINfaatious synadromas discussed in the IDSA AMR Treatment Guidance document

PDosINg suggestad 1o saversl sgents may differ from dosing recomimeanded by the Uniled States Food and Drug Administration



ESBL(+) Enterobacterales
Komplike Olmayan Sistit

 Tercih edilen: Nitrofurantoin, TMP-SMX

 Alternatif: Siprofloksasin, levofloksasin,
karbapenemler

 Alternatif: Fosfomisin(E.coli icin), tek doz
aminoglikozid



kUSE ve Piyelonefrit

« Tercih edilen: TMP-SMX, Siprofloksasin,
_evofloksasin

* Direnc ya da toksisite: Ertapenem, Meropenem,
mipenem-Silastatin

 Alternatif: Aminoglikozidler




Uriner Sistem Disindaki Enfeksiyonlar

« Meropenem, Imipenem-Silastatin, Ertapenem

 Kritik hastalar ve/veya hipoalbuminemi:
Meropenem, Imipenem-Silastatin

« Uygun klinik yanit sonrasi ardisik tedavi: TMP-
SMX, Siprofloksasin, Levofloksasin



Piperasilin-Tazobaktam

 Sistit: Piperasilin-tazobaktam ampirik baslanmis
ve ESBL(+) Enterobacterales uremis ise, klinik
lyllesme durumunda tedaviyi degistirmeye ya da
sureyl uzatmaya gerek yok

« kUSE ve Piyelonefrit: TMP-SMX, Siprofloksasin,
Levofloksasin, Karbapenemler

» Uriner sistem disi enfeksiyonlar: Duyarli bile olsa
desteklenmiyor



Sefepim

« Sistit: Sefepim ampirik baslanmis ve ESBL(+)
Enterobacterales uremis ise, klinik iyilesme
durumunda tedaviyi degistirmeye ya da sureyi
uzatmaya gerek yok

« kUSE ve Piyelonefrit: Kullanmaktan kagin

» Uriner sistem disi enfeksiyonlar: Kullanmaktan
kacin



Yeni BL-BLI ve Sefiderokol

« Karbapenem direncli Enterobacterales
enfeksiyonlarinda kullan



AmpC Ureten Enterobacterales

Klinik olarak anlamli indtiklenebilir AmpC(orta risk)
-E.cloacae complex, Klebsiella aerogenes,
Citrobacter freundii

Onerilen: Sefepim
Onerilmeyen: Piperasilin-tazobaktam

Yeni BL-BLI ve sefiderokol: Karbapenem direncli suslar
Icin kullan

Seftolozan-tazobaktam tedavi secenegi olarak
desteklenmiyor

Sistit: Duyarli ise seftriakson verilebilir



Beta-Laktam Disi Antibiyotikler

Sistit; Nitrofurantoin, TMP-SMX

Sistit(Alternatif). Siprofloksasin, Levofloksasin,
Aminoglikozid(tek doz)

kUSE ve Piyelonefrit: TMP-SMX, Siprofloksasin,
Levofloksasin, Aminoglikozid(alternatif)

USE disi: Sefepim ve sonrasinda ardisik tedavi(TMP-
SMX, Levofloksasin, Siprofloksasin



Karbapenem Direncli Enterobacterales

En az 1 karbapenem antibiyotige direncli ya da
karbapenemaz ureten

Proteus spp. , Morganella spp., Providencia spp. gibi
bakteriler intrensek olarak imipeneme daha az duyarli
olduklari icin, en az imipenem disi bir karbapeneme
direncli

Karbapenemaz Uretenler ve Gretmeyenler

Karbapenemaz uretmeyenler. ESBL(+) + Dis membran
protein bozulmasi



Sistit

« Tercih edilen: Nitrofurantoin, TMP-SMX,
Siprofloksasin, Levofloksasin

 Alternatif: Aminoglikozid(tek doz), Fosfomisin(E.
coli icin), Kolistin, Seftazidim-Avibaktam,
Meropenem-Vaborbaktam, Imipenem-Silastatin-
Relebaktam ve Sefiderokol



kUSE ve Piyelonefrit

« Tercih edilen: TMP-SMX, Siprofloksasin,
Levofloksasin

« Alternatif: Seftazidim-Avibaktam, Meropenem-
Vaborbaktam, Imipenem-Silastatin-Relebaktam
ve Sefiderokol

 Alternatif: Aminoglikozidler



USE DisiI ve Karbapenemaz Uretmeyen

« Meropenem MIK<1ug/mL, Imipenem MIK
<1ug/mL, Ertapenem MIK= 1ug/mL ise: Uzamis
inflizyon Meropenem(veya Imipenem-Silastatin)

* Hic duyarhlik yoksa: Seftazidim-Avibaktam,
Meropenem-Vaborbaktam, Imipenem-Silastatin-
Relebaktam



KPC(+): Seftazidim-Avibaktam, Meropenem-
Vaborbaktam, Imipenem-Silastatin-Relebaktam,
Sefiderokol(alternatif)

NDM(+) veya diger MBL(+): Seftazidim-
Avibaktam + Aztreonam, Sefiderokol
OXA-48(+): Seftazidim-Avibaktam,
Sefiderokol(alternatif)

Kombinasyon(Aminoglikozid, Florokinolon,
Tetrasiklin veya Polimiksin ile) dnerilmiyor

Polimiksin veya Kolistin(sadece sistit icin
oneriliyor) onerilmiyor



IDSA-2024 Onerileri

Table 1. Suggested Dosing of Antibiotics for the Treatment of Antimicrobial-resistant Infections in Adults, Assuming Normal Renal and Hepatic function®®

Amikacin

Ampicillin-sulbactam

Cefepime

Cefiderocol

Ceftazidime-avibactam

Ceftazidime-avibactam PLUS
aztreonam

Ceftolozane-tazobactam

Ciprofloxacin

Colistin
Eravacycline
Ertapenem

Fosfomycin
Gentamicin

Imipenem-ilastatin

Imipenem-cilastatin-relebactam

Levofloxacin
Meropenem

Meropenem-vaborbactam

Uncomplicated cystitis: 15 mg/kg IV as a single dose

Pyelonephritis or complicated urinary tract infections: 15 ma/kg IV once; subsequent doses and dosing interval based
on pharmacokinetic evaluation

Additional information in Supplementary Material.

Administer a total daily dose of 9 grams of sulbactam via 1 of the following regimens:

9 grams of ampicillin-sulbactam (6 grams ampicillin, 3 grams sulbactam) IV every 8 h, infused over 4 h

OR

27 grams of ampicillin-sulbactam (18 grams ampicillin, @ grams sulbactam) IV as a continuous infusion over 24 h
Additional information in Supplementary Material.

Uncomplicated cystitis: 1 gram |V every 8 h, infused over 30 min

All other infections: 2 grams IV every 8 h, infused over 3 h

2 grams |V every 8 h, infused over 3 h

CrCL =120 mL/min: 2 grams IV every 6 h, infused over 3 h

2.5 grams IV every 8 h, infused over 3 h

Ceftazidime-avibactam: 2.5 grams |V every 8 h, infused over 3 h PLUS (administered simultaneously via Y-site
administration) Aztreonam: 2 grams |V every 8 h, infused over 3 h

Additional information in Supplementary Material.

Uncomplicated Cystitis: 1.5 grams |V every 8 h, infused over 1 h
All other infections: 3 grams IV every 8 h, infused over 3 h

Uncomplicated cystitis: 400 milligrams IV every 12 h or 500 milligrams PO every 12 h
All other infections: 400 milligrams [V every 8 h OR 750 milligrams PO every 12 h

Refer to international consensus guidelines on polymyxins {Tsuji BT, et al Pharmacotherapy. 2019; 339:10-33).
1 mg/kg per dose IV every 12 h

1 gram |V every 24 h, infused over 30 min
Additional information in Supplementary Material.

Uncomplicated cystitis: 3 grams PO as 2 single dose

Uncomplicated cystitis: 5 mg/kg |V as a single dose

Pyelonephritis or complicated urinary tract infections: 7 mg/kg IV once; subsequent doses and dosing interval based
on pharmacockinetic evaluation

Additional information in Supplementary Material.

Uncomplicated cystitis: 500 mg IV every 6 h, infused over 30 min
All other infections: 500 mg |V every 6 h, infused over 3 h (if feasible) Additional informaticn in Supplementary Material.

1.25 grams IV every 8 h, infused over 30 min
Additional information in Supplementary Material.

All infections: 750 milligrams IV/PO every 24 h

Uncomplicated cystitis: 1 grams |V every 8 h, infused over 30 min
All other infections: Z grams IV every 8 h, infused over 3 h (if feasible) Additional information in Supplementary Material.

4 grams |V every 8 h, infused over 3 h
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Ventilatorle lligkili Pnémoni - AmpC Beta-
| aktamaz Ureten Enterobacterales

ESCMID klavuzunda 3.kusak sefalosporinlere direncli
Enterobacterales’in neden oldugu VIP igin sefepim
onerilmiyor(bu endikasyondaki etkisi icin dusuk kanit
dlzeyi nedeniyle)

IDSA klavuzunda MIK < 2 mg/L suslar icin sefepim
Oneriliyor

Sefepim epitel doseyici sivida PK/PD hedeflerine
ulasiyor

Oneri: Sefepim 3x2 g IV



Uriner Sistem Enfeksiyonlar
ESBL(+) Enterobacterales-Agir kUSE

MERINO calismasina dayanarak karbapenemler ilk
tercih olarak oneriliyor(IDSA ve ESCMID)

Pip-Tazo MIK < 8 mg/L ise 9 g(30 dk inflizyon) yiikleme
dozunu takiben her 6-8 saatte bir 4.5 g strekli inflzyon
karbapenem tedavisinden daha asagi kalmiyor

USE’de dusik inokulum ve antibiyotiklerin yiksek
diftizyonu

Pip-Tazo MIK > 8 mg/L ise Aminoglikozidler veya |V
Fosfomisin



Uriner Sistem Enfeksiyonlar
ESBL(+) Enterobacterales - Agir kKUSE

« Aminoglikozid monoterapisi E.coli disindaki
Enterobacterales’in neden oldugu uriner kaynakli
bakteriyemilerde daha asagi kalmama kriterlerini
karsilayamamis

« ZEUS ve FOREST calismalarinda ESBL(+) sus orani
disiik — IV Fosfomisin monoterapisi kUSE'de 6nerilmiyor

 Oneriler: Meropenem, Seftolozan-Tazobaktam,
Sefoksitin, Temosilin



Uriner Sistem Enfeksiyonlar
AmpC(+) Enterobacterales - Agir kUSE

 Sefepim MIK £ 2 mg/L, 2 g ylikleme sonrasi 8 saatte bir
29
 Sefepim MIK > 2 mg/L, Meropenem veya yeni BL-BL]



Intraabdominal Enfeksiyonlar - 3.Kusak
Sefalosporin Direncli Enterobacterales

ESCMID: Agir enfeksiyonlarda karbapenemler

ESCMID: Yeni BL-BLI 6nerilmiyor(Antibiyotik Yonetimi
Cercevesinde)

Karbapenem onerisi eski BL-BLI ile olan kan dolasimi
enfeksiyonu karsilastirma calismalarindan kaynaklaniyor

MERINO calismasinda intraabdominal enfeksiyon orani
dlsuk(<%20)

Yeni BL-BLI, yapilan calismalarda(asPEcT, REPRISE,
RECLAIM 1 ve 2) Meropenem kadar etkili

Oneri: Seftolozan-Tazobaktam + Metronidazol, Seftazidim-
Avibaktam + Metronidazol

Hemodinamisi stabil olmayan, septik soklu hastalarda
Karbapenem(stabil olunca daraltma)



Agir Intraabdominal Enfeksiyonlar -
Karbapenem Direncli Enterobacterales

ESCMID: KPC icin Seftazidim-Avibaktam veya
Meropenem-Vaborbaktam

ESCMID Klavuzu hazirlandigi sirada Imipenem-
Silastatin-Relebaktam icin sinirli kanit nedeniyle oneri
yaplimamig

Imipenem-Silastatin-Relebaktam 6neriliyor

-Karsilastirmali olmayan bir galismada klinik yanit %85.7

-DTR P.aeruginosa’ya etkili
-Meropenem-Vaborbaktam ve imipenem-Silastatin-Relebaktam, Seftazidim-Avibaktam’a direncli KPC-3

izolatlarina etkili
-Enterokoklara etkili tek yeni BL-BLI

MBL(+) ise: Seftazidim-Avibaktam + Aztreonam

-Kolistin dnerilmiyor: Periton sivisi konsantrasyonu? Peritonit modellerinde
yuksek inokulum varliginda azalmis in vitro aktivite, direngli mutantlarin hizli ortaya

cikisi



SIMIT - SPILF Onerileri

Table 5

Antibiotic doses suggested for treatment of multidrug-resistant Gram-negative bacilli.

Antibiotic

Loading dose

Daily dose in patients with normal renal clearance

Piperacillin-tazobactam
Ampicillin-sulbactam
Temocillin

Cefoxitin

Cefepime
(Ceftazidime-avibactam
Ceftolozane-tazobactam

Imipenem-relebactam
Meropenem-vabarbactam
Cefiderocol

Colistin

Fosfomycin

9 g over 30 min

No

2 g over 30 min

2 g over 30 min

2 g over 30 min

2.5 g over 30 min

1 g/0.5 g over 30 min

3 g over 30 min for HAP/VAP
No

2 g2 g over 30 min
2 g over 30 min
45MIU

dg

45 g every 6-8 h (continuous infusion)

24¢g/12 g

2 g every 8 h (continuous infusion)

2 g every 8 h (continuous infusion)

2 g every 8 h (continuous infusion)

2.5 g every 8 h (continuous infusion)

1 g/0.5 g every 6 h (continuous infusion)

9 g (continuous infusion) for HAP[VAP

500 mg/250 mg every 6 h (bolus 30 min, prolonged infusion

over 3 h preferred)

2 gf2 g every 8 h (infusion over 3 h)

2 g every 6-8 h (infusion over 3 h)

9 M IU/day (infusion over 30 min, extended infusion over 6 h
preferred)

4-8 g every 6-8 h (infusion over 30 min, 16-24 g continuous
infusion, preferred)

HAP, hospital-acquired pneumonia; VAP, ventilator-associated pneumonia.






Seftazidim-Avibaktam
Enterobacterales
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Multicenter evaluation of
ceftazidime-avibactam use in
carbapenem-resistant Klebsiella
pneumoniae bloodstream infections
in OXA-48 endemic regions
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Data im the literature on the use of ceftazidime-avibactam (CAZ-AVI) in carbapenem-resistant Klebsiella
pneumoniae blocdstream infections (CREP-BSs) are limited especially in OXA-48 [Oxacillinase-48)
predoeminant regions. Our study aimed to evalvate the effect of CAZ-AV] use on cutcomes in CREKP-BSis
in Turkey, where OXA-48 is endemic. A multicenter retrospective observational study was conducted
between Janvary 2017 and September 2021. The effects of clinical and treatment characteristics on
30-day mortality and relapse in CREP-BS5ls were analyzed. Predictors of cutcomes were detected

using a Cox regression model. The stedy enrclled 106 adults with CAZ-AV|-sensitive CREP-B51s who
received CAZ-AVI for at least 72 h. Patients who received CAZ-AVI as initial therapy had lower mortality
rates when compared to those who switched from last resort regimens [14.3% (n=3/21) wvs_. 37.7%
[n=32/85), p="0.04]. In multivariate analysis, older age and severe neutropenia were detected to

be associated with higher mortality, significantly. Initiation of CAZ-AV] on the day of blood culture

was obtained, was found to be significantly associated with lower mortality (HR: 0.25, Cl: 0.07-0_84,
p=0.025). CAZ-AVI monotherapy is an important treatment option for CREP-BSIEs in OXA-48 endemic
areas. Early initiation of CAZ-AVI] should be preferred rather than switching from a last-resort regimen
as it profoundly improves the survival rates.



Multicenter evaluation of
ceftazidime-avibactam use in
carbapenem-resistant Klebsiella
pneumoniae bloodstream infections
iIn OXA-48 endemic regions

Cok merkezli(23), retrospektif, 2017-2021
Karbapenem direncli Klebsiella pneumoniae
Kan dolasimi enfeksiyonlari(monomikrobiyal)

Ik 7 guin icinde CAZ-AV| baslanan ve en az 72
saat alan hastalar, 106 hasta

30. gln mortalitesi



Male gender 4 (62) 21 (60) 0845

Mean Age S1(sd:17)  [590sd18) | 0033
Mean Pitt bacteremia score 41(d32) |7(sd:26) | <000
Charlson Comorbidity index 52(sk 116) [43(sd:27) | 0608
Severe neutzopenia 12(17) 9{26) 0284
Malignancy 27 (34) 14(40) 0845
Mean initiation time of CAZ-AVI after blood culture collection (days) 21 (sd: 19) |29(sd:185) | 0035
Patients initiated with CAZ-AV1 on the day of blood culture was obtained [23(323) [ 3(83) 0.007

Table 1. Univariate analysis of 106 patients with Carbapenem-Resistant-Klebsiella preumonia bacteremia who

received the ceftazidime-avibactam (CAZ-AV1) within 7 days of positive blood culture.




 Mortalite %33

« |Ik tercih CAZ-AVI baslananlar ile daha sonra
CAZ-AVI'ye gegcilen grup mortalitesi

0614.3(3/21) ve %37.7(32/85), p=0.04

* Direnc gelisimi ve rekurrens saptanmamis

Kaplan-Meier survival estimates
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Fig. 1. The rofe of ceftazidim-avibactam (CAZ-AVI) initiated on the day of blooad culture was obtained
compared to CAZ-AVI started later days in predicting 30-day fatality



Male gender 0.89 [0.45-1.75 | 0.743 | 0.91 | 0.45-1.81 | 079
Age 102 | 101104 | 0033 | 1.0M4 | LO1-1.07 | 0.0
Charlson comorbidity index 0.99 |0.94-1.03 | 0771 | 0.96 | 083-1.11 |0599
Severe Neutropenia {neutrophil count <500) | 154 | 0.72-329 | 0264 |44 | 160-1256 | 0.00M
Patients initiated with CAZ-AV1 on the day

of blood culture was obtained 0.22 {0.07-0.74 [ 0.015 | 024 | 0.07-0.79 | 0019

Table 2. Univariate and multivariate analysis (cox regression) for the predictors of fatality among the patients
with Carbapenem-resistant Klebsiella pneumonia blood stream infection (BSI) who received ceftazidime-
avibactam (CAZ-AVI) within 7 days after bacterial identification (= 106 patients with CRKP-BSI, who
received CAZ-AVI).
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Karbapenem Direncgli Gram Negatif Bakteri infeksiyonlarinin Tedavisinde Seftazidim — Avibaktam: Cok Merkezli
Gercek Yasam Verilerinin Analizi ve Mortaliteye Etki Eden Faktorlerin Belirlenmesi
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« Cok Merkezli(16), retrospektif, 2021-2023

 Karbapenem direncli, CAZ-AVI duyarli gram
negatif bakteri enfeksiyonlari

« 1245 hasta
* 9%81.3 Klebsiella pneumoniae
* %12.4 Pseudomonas aeruginosa



%47.8 Hastane kokenli pnomoni
%19.3 Kan dolasimi enfeksiyonu
%31.6 Sekonder bakteriyemi
%80 Monoterapi

28. gun mortalitesi %45.2
14.gun klinik basari %71.1
Mikrobiyolojik kir %82.3

Mortalite icin bagimsiz risk faktorleri

SOFA yiiksekligi
APACHE Il yiiksekligi
SRRT

MV

CRP vyiiksekligi
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Patients consecutively treated with
CAZ-AVI o BAT s first targeted
therapy for CPE infections during

study period {i1= 339)

Bloodstream Infections Urlnary tract infectlons Abdominal infections Pneumonia
(111/339, 32.7%) (120/339, 38.1%) (60/330, 17.7%) (39/339, 11.5%)

CAZ-AVI BAT CAZ-AVI BAT TAZAVI BAT CAZAVI BAT
(72/120, 64 9%) | (38/110,35.1%) | | (67/120,52.9%) | (52/129, 48.1%) (27/60,45%) |  [33/60, 55%) (3/39,59%) | (16/39,41%)
Monatheaapy Monotheragpy® Moscthatapy Mongtiwepy Mosotharapy™ Monatherapy* Monatheapy' Mosctha gy
{54/72, 703%) (13/30,333%) (47487, T0.1%) {35/62, 56.5%) (48/27, 66:7%) [11/33,333%) (1223, 73.0%) {6116, 34.2%]

CAZ-AVT, ceflaaiidine ay ihagtun
e 0,

Y-

¥ UM

Figure 1. Flow chart showing patient enraiment. CAZ-AVL, ceftazidime/avibactam. “P<0.001. P=0.01. °P=001.
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Impact of ceftazidime/avibactam versus best available therapy on
mortality from infections caused by carbapenemase-producing

Enterobacterales (CAVICOR study)
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Ceftazidime/
avibactam

Vanabie (n=189) BAT(n=150)} Pvalue

21 day clinical cure, n (%) 169 (894) 119(793) 001

Microbioiogical response, n (%) 100 (529) 5S0(333) <0001

Infection relapse, n (%) {127) 13(86) 024

Cruds mortaity (30days), n (%) 26(137 33(22 004
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Figure 2. Koplan-Mesisr survival curves in potients treated with ceftazidme/awiboctam (CAZ-AVI; continuous Bne) or BAT (discontinuous bne) for in-

fections cousad by CPE. () Survival in patients with INCREMENT-CPE score of <7 points (log ronk 0.73). (b) Sunival in patients with INCREMENT-CPE
score of =7 points {log rank 0.004).

Table 2. INCREMENT-CPE risk score.
e
Severe sepsis or septic shock 5
Pitt bacteremia score 26
Charison Comorbidity Index >2 3

Origin of bacteremia other than urinary

tract or biliary oact 3

Inappropriate early antibiotic therapy 2

Note: The cut-off point for defining high mortality risk and need
for combination therapy is established when the score is =8.
Source: Elaboration basad on Gutiérrez-Gutiérrez et al.*

Table 3. Pitt Score

<350C o =400°C
35.1-36%C 0 39-39.9°C
36.1-38.99C

OmnN

Temperature
Acute event with drop in systolic
biood

>20mmHg or requirement for 2
vasopressor agents or

systolic blood pressure

<90mmHg

Mechanical ventilation

Cardiac amrest

Mental status

-3
A
ANRO BN

Coma

Note: This table presents the Pitt bacteremia score usad in

the INCREMENT-CPE score.

Source: Elaboration based on Gutiémrez-Gutierrez et al.”
and Hilfetal.=
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ABSTRACT

Introduction: Gram-negative sepsis remains one of the most difficult to treat infections in intensive care units (ICUs). Carbapenems are often
considered to be robust and reliable options for treating infections due to Gram-negative bacteria. The dominance of carbapenem-resistant
enterobacteriaceae (CRE) has emerged as one of the greatest challenges faced by the medical community today. Carbapenem-resistant
enterobacteriaceae may be resistant to all beta lactam antimicrobials including carbapenems and often, are even resistant to other classes
of drugs. There are limited studies comparing polymyxin-based therapies with ceftazidime-avibactam (CAZ-AVI)-based therapies for treating
infections caused by CRE.

Methods: A retrospective study comparing outcomes between patients with bacteremia caused by CRE treated with polymyxin-based
combination therapy and CAZ-AVI-based therapy (with or without aztreonam).

Results: Of total 104 patients, 78 (75%) were in the CAZ-AVI group. There was no significant difference in the underlying comorbidities between
the two groups. The incidence of nephrotoxicity was significantly higher in the polymyxin group (p = 0.017). Ceftazidime-avibactam-based
therapy was 66% less likely to be associated with day 14 mortality (p = 0.048) and 67% less likely to be associated with day 28 mortality
(p = 0.039) as compared with polymyxin-based therapy.

Conclusion: Ceftazidime-avibactam-based therapy may be a superior option to polymyxin-based therapy for infections caused by CRE. This
can have significant practical applications, in terms of optimizing therapy for the individual patient as well as sparing polymyxins and reducing
the use of polymyxins in our hospitals.

Keywords: Carbapenems, Carbapenem-resistant enterobacteriaceae, Ceftazidime-avibactam, Gram-negative sepsis, Polymyxin.

Indian Journal of Critical Care Medicine (2023): 10.5005/jp-journals-10071-24481
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terales Bloodstream Infections in an OXA-48 Endemic Region

Ridvan Dumlu ', Meyha Sahin', Okan Derin®, Ozlem Gil®,
Sedef Basgoniil4 Rehile Zengin®, (i2dem Arabaci®, Funda Simsek’,
Serap Gencer®, Sesin Kocagdz %, Ali Mert®

| Department of Infecrious Diseases and (linical Microbiology, Faculty
of Medicine Iswanbul Medipol Universiiy, Istanbul, Tarkiye;
2Epidemiology Docrorate Program, Graduare School of Health Sci-
ences Isanbul Medipol University, Istanbul Turkive; 2 Deparrment of
Infectious Diseases and Clinical Microbiology. Iscanbul Sisli Hamidiye
Etfal Training and Research Hospital Istanbul, Tarkiye; * Deparmment
of Infectious Diseases and Clinical Microbiology. Actbadem Masiak
Hospiral Istanbul Tarkiye; °Depanment of Infecious Diseases
and Qinical Microbiology. Acibadem Almunizade Hospiral Istanbul,
Tarkiye; ©Department of Medical Microbiology, Prof. Dr. Cemil Tas-
cioghy City Hospirallstanbul Health Scdence University [scanbul,
Turkiye; 7 Deparement of Infectious Diseases and Clinical Microbiol-
ogy. Prof. Dr, Cemil Toscioglu Ciry: Hospital istanbul Health Saence

University, Istanbul Turkiye; ®Department of Infectious Diseases

and (inical Microbiology, Faculty of Medicine Mehmer Ali Aydiniar

Acibadem University, Istanbul Tarkive; °Depanment of Internal

Medicine Faculty of Medicine, Istanbul Medipol University, Istanbul

Turkiye
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BACKGROUND-AIM: Ceftadizime-avibactam({CAZ-AV1) is recom-
mended as the primary rreatment for bloodstream infections (BSI)
caused by OXA-48 pg-lacamase producing Carbapenem-resisiant
Enterobacrerales (CRE). while polymyxin-based-combinaton-
therapies{PBT) are considered a last resort if in-vitro susceptible
and CAZ-AVI is unavailable,

Research comparing effectivenes of CAZ-AVI and PBT in CRE-BSI
is limited, mostly focusing on KP(C-producing isclates. In Turkey,
OXA-48 is endemic and OXA-48-Like is common.Globally, there is
limired studies on this topic. Therefore, our study aimed 0o com-
pare the impact of rthese rearmenis on 30-day monality in pa-
rients with CRE-BSI in chis region.

METHODS: Retrospective data from January 2019 o May 2023
were colleced from four tertiary healthcare centers in Istanbul.
Demographic, clinical, and ocutcome data of ICU patients treated
with CAZ-AV]I monotherapy or PET for CRE-BSI were analyzed. The
effect on 30-day survival was evaluared using Cox regression anal-
ysis post propensity score marching (PSM) with R4 3.3 and Rstudio.
RESULTS: Our of 151 pauents, 44 4% received CAZ-AVI and 55.6%
received PBT. 30-day all-cause monality rares were 20% with CAZ-
AVI and 36.9% with PBT. Cox regression analysis post PSM indicared
CAZ-AV1 monotherapy significantly reduced the 30-day monality
risk compared 10 PBT(HR: 0,16,95%C1 0.07-037p < 0.001), while

|age increased the nisk(HR:1.02 per year, 95% (1 1.0-1.04. p: 0.01),
CONCLUSION: In regions endemic with OXA-48, CAZ-AV] demon-

strated lower morality rares in CRE-BSI compared o PBT. The
results were auributed 10 the pharmacokinetic and pharmaco-
dynamic disadvantages of polymyxins compared ro CAZ-AVI and
the impact of age-related physical conditions. Therefore CAZ-AVI]
should be the preferred treatment for CRE-BSI in such endemic ar-
eas.




Efficacy and safety of ceftazidime-avibactam compared to other
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Fig. 1. PRISMA flow diagram of study retrieval and eligibility.
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Efficacy and safety of ceftazidime-avibactam compared to other
antimicrobials for the treatment of infections caused by
carbapenem-resistant Klebsiella pneumoniae strains, a systematic review and
meta-analysis
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(A) Ceftazidime.avibactam  Other antimicrobials Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _Year M-H, Random, 95% CI
Shields etal, 2017b 1" 13 39 9% 58% 804 (169, 38.28) 2017
Tsolaki et al,, 2020 33 41 19 36 133% 3.69(1.34,10.16] 2020 e —
Falcone etal, 2021b 39 52 24 50 19.0% 3.25[1.41,751) 2021 —_—
Fangetal, 2021 19 37 9 78 151% 809(3.14,2088) 2021 ——r—
Guetal, 2021 28 42 24 48 183% 2.00(0.85,4.70) 2021 T
Shi etal, 2021 22 43 18 62 201% 2560114,576) 2021 —_—
Zhang etal, 2021 18 22 17 32 84% 3.97(1.10,14.38) 2021 S ——
Total (95% CI) 250 402 100.0% 3.55 [2.42,5.19) B4
Total events 170 150
Heterogeneity Tau®= 002, Ch*=6.39,d=6 (P=0.38), F= 6% 0301 0;1 13 160
Testfor overall effect Z= 6.52 (P < 0.00001) Favours [comparator] Favours [ceftazidime-avi)
(B) Ceftazidime.-avibactam  Other antimicrobials Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI_Year M-H, Random, 95% CI
Shields etal,, 2017b 1" 13 39 96 17.0% 8.04 [1.69,38.28) 2017 .
Tsolaki etal, 2020 18 22 15 28 240% 3.90[1.05,14.51) 2020 ——
Falcone etal, 2021b 39 52 24 50 58.0% 325(1.41,761) 2021 ——
Total (95% CI) 87 174 100.0% 3.96 [2.08, 7.54] ’
Total events 68 78
3 = = s RS L 1 1 |
Heterogeneity. Tau®= 0.00; Chi*= 1.02, df= 2 (P = 0.60), F= 0% 001 01 10 100

Testfor overall effect Z= 4.19 (P < 0.0001) Favours [comparator] Favours [ceftazidime-avi)

Fig. 2. (A) Clinical success of CAZ-AVI vs comparators in the treatment of CRKP infections (B) Clinical success of CAZ-AVI vs comparators in the treatment of
CRKP BSIs.
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Efficacy and safety of ceftazidime-avibactam compared to other

antimicrobials for the treatment of infections caused by

carbapenem-resistant Klebsiella pneumoniae strains, a systematic review and

meta-analysis
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(A) Ceftazidime-avibactam  Other antimicrobials Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI  Year M-H, Random, 95% CI

Shields etal, 2017b 1 13 30 9% 31% 0.18(0.02,1.48] 2017
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Fig. 4. (A) 30-day mortality of CAZ-AVI vs comparators in the treatment of CRKP infections (B) 30-day mortality of CAZ-AVI vs comparators in the treatment of
CRKP BSIs.
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Ceftazidime—avibactam versus polymyxins in treating patients
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Abstract

Objective Carbapenem-resistant Enterobacteriaceae (CRE) pose a significant threat to human health and have emerged as
a major public health concern. We aimed to compare the efficacy and the safety of ceftazidime—avibactam (CAZ—-AVI) and
polymyxin in the treatment of CRE infections.

Methods A systematic review and meta-analysis was performed by searching the databases of EMBASE, PubMed. and the
Cochrane Library. Published studies on the use of CAZ—-AVI and polymyxin in the treatment of CRE infections were collected
from the inception of the database until March 2023. Two investigators independently screened the literature according to
the inclusion and exclusion criteria, evaluated the methodological quality of the included studies and extracted the data. The
meta-analysis was performed using RevMan 5.4 software.

Results Ten articles with 833 patients were included (CAZ-AVI 325 patients vs Polymyxin 508 patients). Compared with the
patients who received polymyxin-based therapy. the patients who received CAZ—-AVI therapy had significantly lower 30-days
mortality (RR=0.49: 95% CI 0.01-2.34; > =22%: P <0.00001). higher clinical cure rate (RR =2.70; 95% CI 1.67-4.38:
IF'=40%:; P<0.00001), and higher microbial clearance rate (RR=2.70: 95% CI 2.09-3.49; FF=0%: P<0.00001). However,
there was no statistically difference in the incidence of acute kidney injury between patients who received CAZ-AV1 and
polymyxin therapy (RR= 1.38: 95% CI 0.69-2.77: I’=22%: P=0.36). In addition, among patients with CRE bloodstream
infection, those who received CAZ—AVI therapy had significantly lower mortality than those who received polymyxin therapy
(RR=0.44:95% C10.27-0.69, I>=26%. P <0.00004)

Conclusions Compared to polymyxin. CAZ—AVI demonstrated superior clinical efficacy in the treatment of CRE infections.
suggesting that CAZ—-AVI may be a superior option for CRE infections.




CAZ-AVI ve KPC-Kp

Italya, CM, Retrospektif, Gozlemsel

577 eriskin hasta

165 hasta monoterapi ve 462 hasta kombinasyon
30. guin mortalitesi %25(146/577)

Mortalite acisindan monoterapi ile kombinasyon
arasinda fark yok(%26.1 - %25, p=0.79)

Mortalite icin bagimsiz risk faktorleri

-Septik sok
-NOGtropeni
-Increment skoru = 8
-Pnébmoni
-CAZ-AVI renal doz ayari
-CAZ-AVI uzamis infuzyon koruyucu faktor
Tumbarello M et al. Clin Infect Dis 2021
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Background: Bloodstream infections (BSIs) caused by KPC-producing Klebsiella pneumoniae (KPC-Kp) are still as-
sociated with high mortality, and the game-changing drug ceftazidime/avibactam has shown suboptimal
pharmacokinetics in some clinical settings. Ceftazidime/avibactam renal dose adjustment has recently been
identified as an independent risk factor for mortality.

Objectives: To investigate the effect of ceftazidime/avibactam renal dose adjustment on mortality.

Methods: Patients with KPC-Kp BSI treated with a ceftazidime/avibactam-based regimen were retrospectively
collected and analysed. The primary outcome was mortality at 7, 14 and 30 days after the start of definitive cef-
tazidime/avibactam antibiotic therapy. Renal function was estimated using the CKD-EPI equation.

Results: One hundred and ten patients with KPC-Kp BSI treated with a ceftazidime/avibactam-based regimen
were included. Full-dose ceftazidime/avibactam (7.5 g daily) was prescribed to 82 patients (74.5%), while 28 pa-
tients (25.5%) received a renal-adjusted dose (17 patients due to chronic renal disease or haemeodialysis, 11 pa-
tients due to infection-related acute kidney injury), with a median of 1.9 g daily. At multivariable analysis,
receiving a reduced dose of ceftazidime/avibactam was independently associated with mortality (HR 4.47,
95% (I 1.09-18.03, P=0.037), along with intra-abdominal or lower respiratory tract infections as source of
BSI (HR 5.42, 95% (I 1.77-16.55, P=0.003), septic shock (HR 6.99, 95% CI 1.36-35.87, P=0.020) and SARS-
CoV-2 coinfection (HR 10.23, 95% CI 2.69-38.85, P=0.001).

Conclusions: Dose reduction of ceftazidime/avibactam according to renal function in patients with KPC-Kp BSI
seems to be independently associated with higher mortality. This may be possibly due to inadequate exposure
provided by the recommended doses for renal impairment.
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 KPC Kp ile kolonizasyon %79.1

* YBU %30.9

o Septik sok %25.5

 KBY %30(5 hasta hemodiyalizde)
« COVID-19 9 hasta

« Uygun ampirik tedavi %38.2

« Kombinasyon %88.2(en sik meropenem veya
fosfomisin)

« 30.gun mortalitesi %18.2



82(%74.5) hasta tam doz
28(%25.5) hasta azaltiimis doz

14. gun mortalitesi
%6.1 ve %25, p=0,011

30.gun mortalitesi

%13.4 ve %32.1, p=0,044
Klinik 1yilesme

%64.6 ve %53.6
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Figure 1. Kaplan-Meier survival curve comparing those treated with a full
dose of ceftazidime/avibactam with those who received a dose reduced
according to renal function. CZA, ceftazidime/avibactam.



Table 4. Multivariable analysis of independent predictors of 30 day
mortality in patients with BSI from KPC-Kp

Variables HR (95% CI) Pvalue
Adjusted dose of CZA 447 (1.09-18.03) 0.037
Source of BSI: 1Al or LRTI 5.42 (1.77-16.55) 0.003
SARS-CoV-2 coinfection 10.23 (2.65-38.85) 0.001
Septic shock 6.99 (1.36-35.87) 0.020
CRRT required due to infection 2.27 (0.71-7.28) 0.165
CCI, one point increment 1.02 (0.84-1.23) 0.809
ICS, one point increment 0.90 (0.71-1.15) 0.419
Hospitalization in ICU 0.84 (0.28-2.51) 0.762
sCr at CZA prescription (0.1 mg/mL 0.94 (0.62-1.45) 0.812
increment)

Values in bold indicate P<0.05.

BSI, bloodstream infection; CCI, Charlson comorbidity index; CRRT, con-
tinuous renal replacement therapy; CZA, ceftazidime/avibactam; IAI in-
tra-abdominal infection; ICS, increment CPE score; ICU, intensive care
unit; LRTI, lower respiratory tract infection; sCr, serum creatinine.



Monoterapl - Kombinasyon

* Meta-analizlerde kombinasyon ile
monoterapi arasinda klinik iyilesme,
mortalite ve mikrobiyolojik eradikasyon
acisindan anlamli fark yok

* Direng gelisimi monoterapide %4.1,
kombinasyonda %3
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Abstract

Background This meta-analysis was conducted to compare the efficacy of ceftazidime-avibactam combination therapy with
that of monotherapy in the treatment of carbapenem-resistant Gram-negative bacterial (CR-GNB ).

Methods A literature search of PubMed. Embase. the Cochrane Library. and ClinicalTrials.gov was conducted until Sepiem-
ber |, 2023. Only studies that compared CZA combination therapy with monotherapy for CR-GNB infections were included.
Results A total of 25 studies (23 retrospective observational studies and 2 prospective studies) involving 2676 patients were
included. There was no significant difference in 30-day mortality between the study group receiving combination therapy
and the control group receiving monotherapy (risk ratio [RR]0.91; 95% confidence interval [CI] 0.7 I-1.18). In addition. no
significan differences were observed between the study and the control group in terms of in-hospital mortality (RR 1.00:
95% C10.79-1.27), 14-day mortality (RR 1.54; 95% C10.24-9.91), %0-day mortality (RR 1.18; 95% CI 0.62-2.22), and
clinical cure rate (RR 0.95: 95% CI 0.84-1.08). However, the combination group had a borderline higher microbiological
eradication rate than the control group (RR 1.15; 95% CI 1.00-1.32).

Conclusions Compared to monotherapy, CZA combination therapy did not yield additional clinical benefits. However,
combination therapy may be associated with favorable microbiological outcomes.



Kombinasyon

Kritik hastalarda(sepsis ve septik soktaki)
ekstraseltler volim ve renal disfonksiyon sorunu
CAZ-AVI'nin farmakokinetigini etkileyebilir

Pndomonide fosfomisin

Kan dolasimi enfeksiyonu, uriner ve
intraabdominal kaynakli bakteriyemilerde
amikasin/gentamisin

Intraabdominal enfeksiyon ve CYDE’de tigesiklin

Duyarlilik sinirina yakin MiK’in oldugu agir
enfeksiyonlarda kolistin(sadece kolistin duyarli
Ise)

Meini S et al. Infection 2021
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Ceftazidime-avibactam: Combination therapy versus monotherapy
in the challenge of pneumonia caused by carbapenem-resistant
Klebsiella pneumoniae
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ARTICLE INFPO ABSTRACT

Keywords: This reseauch focused on evaluating the clinical results of patients suffering from pneumonia
Ceftazidime-avibactam caused by carbapenem-resistant Klebsiella pneumoniae (CRKP), who received treatment with
2"°“:;::‘-":“’yu . either ceftazidime—avibactam (CZA) alone or in combination with other antibiotics. From Januaay
p;':jmc:;:” WSARY. 2020 to December 2023, we retrospectively analyzed CRKP-related pneumonia patients treated in

two Chinese tertiouy hospitals. Mortality was measured at 14 and 30 days as the primauy outcome.
Secondary outcomes included the 14-day microbiological cure rate and the 14-day clinical cure
rate. Factors contributing to clinical filure were evaluated via both univiviate analysis and
(PSM) was utilized. Among the 195 patients with CRKP Infections, 103 (52.8 9%) recelved CZA
combination therapy, and 92 (47.2 %) patients recelved CZA monotherapy. The combinartion
therapy group exhibited superlor clinical and microblological cure rates compared to the mon-
otherapy group, with a 14-day clinical cure rate of 60,1 9% vs. 45.7 26 (P « 0.042) and a l4a-day
microbiological cure rate of 72.8 % vs, 58.6 % (P = 0.038), respectively. Combination therapy
reduced mortality rates at 14 days (7.8 % vs. 17.4 %, P = 0.041), but not at 30 days (14.6 % vs.
25.0 %, P — 0.066). Even after using PSM, the group treated with the CZA combination continued
to had a lower mortality rate at 14 days (5.9 % vs. 17.0 Y, F = 0.039). The l14-day clinical cure
rate for the combination therapy group was 63.2 %, and the 14-day microbial cure rate was 77.9
%. Both of these statistics were notably greater than those observed in the monotherapy group.
Furthermore, the multivariate logistic regression model Indicated a significant link between
combination therapy and a decrease in clinical failure. Carbapenems were noted to be the most
effective class of concomitant agents. Our findings indicate that patients with pneumonia due to
CRKP Dbenefit from combination tweatment of CZA rather than monotherapy; administering

Carbapenem-resistant Klebslella pneumoniae
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Treatment of
Carbapenem-Resistant Enterobacteriaceae Infections
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Sinerji Calismalari

« 19Kp
-CAZ-AVI + FOS Sinerjik
-CAZ-AVI + ERT Sinerjik

Ojdana D et al. Microb Drug Resistance 2019

24 CRE, Zaman-0lum
-CAZ-AVI + COL Sinerjik %13
Antagonist %46

Shields RK et al. Antimicrob Agents Chemother 2018



Sinerji Calismalari
« CAZ-AVI + Polimiksin B
-KPC-3(+) Kp
-In vitro bakterisidal aktivitede iyilesme yok
-Galleria mellonella modelinde iyilesme yok

Borjan J et al. Int J Antimicrob Agents 2020

+ CID Kp ve Pa
-CAZ-AVI + AMI Sinerjik
-CAZ-AVI + ATM Sinerjik
-CAZ-AVI + MEM Pa etkili
-CAZ-AVI + FOS Kp etkili
-CAZ-AVI + COL Sinerjik

Mikhail S et al. Antimicrob Agents Chemother 2019
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Evaluation of the synergy of ceftazidime/
avibactam in combination with colistin,
doripenem, levofloxacin, tigecycline, and
tobramycin against OXA-48 producing
Enterobacterales: sy 3o ws wa
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This study aims to analyze the effect of ceftazidime/avibactam plus various antibiotics against OXA-48-producing
Enterobacterales isolated from Intensive Care Units. Seventy-four non-duplicate OXA-48-producing
Enterobacterales isolates were screened for their MICs by the microbroth dilution method. The in-vitro bactericidal
and synergistic activities of ceftazidime/avibactam aone or in combination with other antibiotics were detemrmined
by time-kill curve assays. According to our results, colistin was the most active drug with higher susceptibility rates
in the strains. Colistin, levofloxacin, tobramycin, and doripenem showed bactericidal effects against different
isolates. The best synergistic interactions were achieved with ceftazidime/avibactam + colistin, ceftazidime/
avibactam + tobramycin, and ceftazidime/avibactam + tigecycline against studied strans used at 1xMIC
concentrations at 24 h. No antagonism was obsenved against studied OXA-48-producing Enterobacterales strains.
The findings of this study suggest that ceftazidime/avibactam plus colistin, tobramycin, or tigecycline were
more effective against OXA-48-producing Enterobacterales strains. This combination therapy could be an
alternative antibiotic therapy for carbapenemase-producing Enterobacterales strains.



Synergistic antibacterial activity
of ceftazidime—avibactam

in combination

with colistin, gentamicin,
amikacin, and fosfomycin
against carbapenem-resistant
Klebsiella pneumoniae
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Results

Bacterial isolates

QOur research involved 55 CRKP strains, each belonging to a different patient. These strains were grown from
clinical specimens collected between November 2020 and November 2022, The patients were of varying ages
(ranging from 23-86) and genders (35 males and 20 females). The strains were collected from different parts
of the body, such as blood (n:25, 45.5%), deep tracheal aspirate (n:18, 32.7%), wound pus (n:6, 10.9%), sputum
(n:3, 5.5%), urine (n:2, 3.6%), and cerebrospinal fluid (n:1, 1.8%). OXA-48 production was the most common
(49.1%), followed by KPC production {29.1%), co-production of KPC and OXA-48 (10.9%), NDM production
(3.7%), co-production of VIM and NDM (1.8%), co-production of OXA-48 and NDM (1.8%), co-production
of KPC, OXA-48, and NDM (1.8%), and the absence of any gene (1.8%).

55 CRKP, 2020-2022

OXA-48 %49.1
KPC %29.1
OXA-48-KPC %10.9
NDM %3.7
VIM-NDM %1.8
OXA-48 - NDM %1.8

KPC-OXA-48 -NDM  %1.8



CZA |COL |Total | Synergy (%) | Additive (%) | Indifference (%)

S S 6 0 4 (66.7) 2{333)

R S 3 11333) 1(33.3) 1{33.3)
CZA+COL

S R 43 41 (953) 2({4.7) ]

R 3 1133.3) 0 2{66.7)

Total 55 43 (78.2) 7(12.7) 509.1)

CZA | GEN

S S 11 6 (545) 41(36.4) 1(9.1)

R S 1 a 0 1(100)
CZA+GEN

S R 38 4 (105) 4(105) 30 {79)

R R 5 0 0 5{100)

Total 35 10 (18.2) S{14.5) 37 (67.3)

CZA | AK

S S 13 5(38.5) 6 (46.2) 2(153}

R 5 3 Q 2{66.7) 1(33.3)
CZA+AK

S R 36 7(I9.4) 11 (30.6) 18 {50)

R R 3 Q 0 3(100)

Total 55 12(21.8) 19 (34.6) 24 {436)

CZA | FOS

S S 23 22 (95.7) 1(4.3) 0

R S 3 2166.7) 1{33.3) 0
CZA+FOS

S R 26 11{42.3) 2(7.7) 13 {50)

R R 3 Q o 3 (100)

Total 55 35(63.6) 417.3) 16(29.1)

Table 3. Results of checkerboard assay in CRKP isolates. CRKP carbapenem-resistant K. preumomniae, CZA
ceftazidime-avibactam, COL colistin, AK amikacin, GEN gentamicin, FOS fosfomycin.
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Synergistic effects of ceftazidime/avibactam combined with
meropenem in a murine model of infection with KPC-producing
Klebsiella pneumoniae
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Objectives: The emergence and expansion of carbapenem-resistant Klebsiella pneumoniae infections is a con-
cern due to the lack of ‘first-line’ antibiotic treatment options. The ceftazidime/avibactam is an important clinical
treatment for carbapenem-resistant K. pneumoniae infections but there is an increasing number of cases of
treatment failure and drug resistance. Therefore, a potential solution is combination therapies that result in syn-
ergistic activity against K. pneumoniae carbapenemase: producing K. pneumoniae (KPC-Kp) isolates and prevent-
ing the emergence of KPC mutants resistant to ceftazidime/avibactam are needed in lieu of novel antibiotics.

Methods: To evaluate their synergistic activity, antibiotic combinations were tested against 26 KPC-Kp strains.
Antibiotic resistance profiles, molecular characteristics and virulence genes were investigated by susceptibility
testing and whole-genome sequencing. Antibiotic synergy was evaluated by in vitro chequerboard experiments,
time-killing curves and dose-response assays. The mouse thigh model was used to confirm antibiotic combin-
ation activities in vivo. Additionally, antibiotic combinations were evaluated for their ability to prevent the emer-
gence of ceftazidime/avibactam resistant mutations of blakpc.

Results: The combination of ceftazidime/avibactam plus meropenem showed remarkable synergistic activity
against 26 strains and restored susceptibility to both the partnering antibiotics. The significant therapeutic effect
of ceftazidime/avibactam combined with meropenem was also confirmed in the mouse model and bacterial
loads in the thigh muscle of the combination groups were significantly reduced. Furthermore, ceftazidime/
avibactam plus meropenem showed significant activity in preventing the occurrence of resistance mutations.

Conclusions: Our results indicated that the combination of ceftazidime/avibactam plus meropenem offers
viable therapeutic alternatives in treating serious infections due to KPC-Kp.
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Background: Carbapenem-resistant Gram-negative bacteria (CR-GNB) develop resistance to many antimicro-
bials. To effectively manage infections caused by these organisms, novel agents and/or combinations of anti-
microbials are required.

Objectives: Evaluated the in vitro efficacy of ceftazidime/avibactam in combination with other antimicrobials
against CR-GNB.

Methods: PubMed, Web of Science, Embase and Scopus were searched. Study outcomes were quantified by
counting the number of isolates exhibiting synergy, defined as a fractional inhibitory concentration index <0.5
for checkerboard and Etest, and a >2 log cfu/mL reduction for time-kill studies. The proportion of synergy was cal-
culated as the ratio of isolates exhibiting synergy to the total number of isolates tested. These proportions were
analysed using a random-effects model, following the Freeman-Tukey double-arcsine transformation.

Results: Forty-five in vitro studies were included. A total of 734 isolates were tested, and 69.3% of them were
resistant to ceftazidime/avibactam. The combination of ceftazidime/avibactam with aztreonam showed a high
synergy rate against carbapenem-resistant Klebsiella pneumoniae (effect size, ES=0.91-0.98) and Escherichia
coli (ES=0.75-1.00). Ceftazidime/avibactam alsoc demonstrated a high synergy rate (ES= 1) in time-kill studies
when combined with azithromycin, fosfomycin and gentamicin against K. pneumoniae. Compared to ceftazi-
dime/avibactam alone, a higher bactericidal rate was reported when ceftazidime/avibactam was combined
with other antimicrobials against carbapenem-resistant K. pneumoniae (57% versus 31%) and E. coli (93% ver-
sus 0%).

Conclusions: Ceftazidime/avibactam frequently demonstrates synergistic bactericidal activity when combined
with various antimicrobials against CR-GNB in in vitro tests. Further pre-clinical and clinical studies are warranted
to validate the utility of ceftazidime/avibactam-based combination regimens for CR-GNB infections.



Table 2. In vitro synergy and antagonism of ceftazidime/avibactam in combination with other antimicrobials against K. pneumoniae by test method

Tests method
used

Antimicrobials

combined with CZA

Number of
studies

Number of
the isolates
tested

ES (95% CI)

Synergy rate

ES (95% CI)

Antagonism rate

Time-kill

Checkerboard

Etest

Amikacin
Azithromycin
Aztreonam
Colistin
Doripenem
Fosfomycin
Gentamicin
Levofloxacin
Meropenem
Polymyxin B
Tigecycline
Tobramycin
Amikacin
Aztreonam
Colistin
Fosfomycin
Meropenem
Polymyxin B
Tigecycline
Aztreonam
Cefiderocol
Ciprofloxacin
Ertapenem
Fosfomycin
Gentamicin
Imipenem
MER/VAB
Meropenem
Sulbactam
Tigecycline

WL NEFE NENWEREWOWERENEFERERE PO NPENRENNRERE PSP EP2D

23
2
11
23
4
3
5
4
6
20
14
4
46
131
30
3
15
12
45
153
11
13
42
19
13
23
18
23
2
33

0.43 [0.23; 0.66]
1.00 [0.16; 1.00]
0.91 [0.59; 1.00]
0.35 [0.16; 0.57]
0.25 [0.01; 0.81]
1.00 [0.29; 1.00]
1.00 [0.48; 1.00]
0.50 [0.07; 0.93]
0.50 [0.12; 0.88]
0.35 [0.15; 0.59]
0.07 [0.00; 0.34]
0.50 [0.07; 0.93]
0.41 [0.27; 0.57]
0.95 [0.89; 0.98]
0.00 [0.00; 0.12]
0.00 [0.00; 0.71]
1.00 [0.78; 1.00]
0.50 [0.21; 0.79]
0.02 [0.00; 0.12]
0.98 [0.94; 1.00]
0.55 [0.23; 0.83]
0.00 [0.00; 0.25]
0.71 [0.55; 0.84]
0.47 [0.24; 0.71]
0.00 [0.00; 0.25]
1.00 [0.85; 1.00]
0.72 [0.47; 0.90]
1.00 [0.85; 1.00]
0.50 [0.01; 0.99]
0.06 [0.01; 0.20]

Moderate
High

High

Low

Low

High

High
Moderate
Moderate
Low
Positive trend
Moderate
Moderate
High

No synergy
No synergy
High
Moderate
Positive trend
High
Moderate
No synergy
Moderate
Moderate
No synergy
High
Moderate
High
Moderate
Low

0.09 [0.01; 0.28]
0.00 [0.00; 0.84]
0.00 [0.00; 0.28]
0.35 [0.16; 0.57]
0.00 [0.00; 0.601]
0.00 [0.00; 0.711]
0.00 [0.00; 0.52]
0.00 [0.00; 0.601]
0.33 [0.04; 0.78]
0.20 [0.06; 0.44]
0.00 [0.00; 0.23]
0.00 [0.00; 0.601
0.02 [0.00; 0.12]
0.00 [0.00; 0.03]
0.00 [0.00; 0.12]
0.02 [0.00; 0.71]
0.00 [0.00; 0.22]
0.00 [0.00; 0.26]
0.02 [0.00; 0.12]
0.01 [0.00; 0.05]
0.00 [0.00; 0.28]
0.00 [0.00; 0.25]
0.02 [0.00; 0.13]
0.00 [0.00; 0.18]
0.00 [0.00; 0.25]
0.00 [0.00; 0.15]
0.00 [0.00; 0.19]
0.00 [0.00; 0.15]
0.00 [0.00; 0.84]
0.00 [0.00; 0.11]

Low

No antagonism
No antagonism
Low

No antagonism
No antagonism
No antagonism
No antagonism
Low

Low

No antagonism
No antagonism
Positive trend
No antagonism
No antagonism
Positive trend
No antagonism
No antagonism
Positive trend
Positive trend
No antagonism
No antagonism
Positive trend
No antagonism
No antagonism
No antagonism
No antagonism
No antagonism
No antagonism
No antagonism

CZA, ceftazidime/avibactam; ES, effect size, ES=0—the absence of the outcome, ES<0.35—low, 0.35<ES<0.75—moderate, ES>0.75—high;

MER/VAB, meropenem/vaborbactam.
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Introduction: The primary outcome of the study was to evaluate the effect on 30 day mortality of the combin-
ation ceftazidime/avibactam + fosfomycin in the treatment of bloodstream infections (BS1s) caused by KPC-pro-
ducing Klebsiella pneumoniae (KPC-Kp).

Materials and methods: From October 2018 to March 2021, a retrospective, two-centre study was performed
on patients with KPC-Kp BSI hospitalized at Sapienza University (Rome) and ISMETT-IRCCS (Palermo) and treated
with ceftazidime/avibactam-containing reglmens. A matched cohort (1:1) analysis was performed. Cases were
patients receiving ceftazidime/avibactam + fosfomycin and controls were patients receiving ceftazidime/avibac-
tam alone or in combination with in vitro non-active drugs different from fosfomycin (ceftazidime/avibactam +
other). Patients were matched for age, Charlson comorbidity index, ward of isolation (ICU or non-1CU), source of
infection and severity of BSI, expressed as INCREMENT carbapenemase-producing Enterobacteriaceae (CPE)
score.

Results: Overall, 221 patients were Included In the study. Following the 1:1 match, 122 subjects were retrieved:
61 cases (ceftazidime/avibactam + fosfomycin) and 61 controls (ceftazidime/avibactam x other). No difference
in overall mortality emerged between cases and controls, whereas controls had more non-BSI KPC-Kp infections
and a higher number of deaths attributable to secondary infections. Almost half of ceftazidime/avibactam + fos-
formycin patients were prescribed fosfomycin without MIC fosformycin availability. No difference in the outcome
emerged after stratification for fosformycin susceptibility availability and dosage. SARS-CoV-2 infection and ICS =
8 independently predicted 30 day mortality, whereas an appropriate definitive therapy was protective.

Conclusions: Our data show that fosformycin was used In the treatment of KPC-Kp BSI Independently from hav-
ing Its susceptibility testing available. Although no difference was found In 30 day overall mortality, ceftazidime/
avibactam + fosfomycin was associated with a lower rate of subsequent KPC-Kp infections and secondary infec-
tions than other ceftazidime/avibactam-based regimens.
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A bstract: Hospital-acquired pneumonia (HAP) and ventilation-associated pneumonia (VAP) are
challenging clinical conditions due to the challenging tissue penetrability of the lung. This study
aims to evaluate the potential role of fosfomycin (FOS) associated with ceftazidime /avibactam (CZA)
in improving the ocutcome in this setting. We performed a retrospective study including people
with HAP or VAP treated with CZA or CZA+FOS for at least 72 h. Chlinical data were collected
from the SUSANA study, a multicentric cohort to monitor the efficacy and safety of the newer
antimicrobial agents. A total of 75 nosocomial pneumonia episodes were included in the analysis.
Of these, 34 received CZA alone and 41 in combination with FOS (CZA +FOS). People treated with
CZA alone were older, more frequently male, received a prolonged infusion more frequently, and
were less frequently affected by carbapenem-resistant infections (p = 0.01, p = 0.06, p < 0.001, p = 0.03,
respectively). No difference was found in terms of survival at 28 days from treatment start between
CZA and CZA +FOS at the multivariate analysis (HR = 0.32; 959% CI = 0.07—-1.39; p = 0.128), while
prolonged infusion showed a lower mortality rate at 28 days (HR = 0.34; 959 CI = 0.140.96; p = 0.04).
Regarding safety, three adverse events (one acute kidney failure, one multiorgan failure, and one
urticaria) were reported. Our study found no significant association between combination therapy
and mortality. Further investigations, with larger and more homogeneous samples, are needed to
evaluate the role of combination therapy in this setting.

Antibiotics 2024, 13, 616. https:/ /doiorg/ 10.3390/ antibiotics1307 0616
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Ceftazidime/avibactam combined e
with colistin: a novel attempt to treat
carbapenem-resistant Gram-negative bacilli
infection

Zihao Zheng'', Zigiang Shao”’, Linai Lu’, Siyu Tang?, Kai Shi*, Fangxiao Gong? and Jingquan Liu™

Abstract

Background The rapid global emergence and spread of carbapenem-resistant Gram-negative badlli (CR-GNB)

is recognized as a major public health concemn, and there are currently few effective treatments for CR-GNB infection.
The aim of this study was to investigate the dinical characieristics and outcomes of patients with CR-GNB infections
treated with ceftazidime/avibactam (CAZ/AVI) combined with colistin from October 2019 to February 2023 in China.

Methods A iotzl of 31 patienis with CR-GNB infections were retrospectively identified using the electronic medical
record system of Zhejiang Provincial People’s Hospital.

Results Thirty-one patients were treated with CAZ/AVI combined with colistin. Respiratory tract infections (87%)
were most commeon. The common drug-resistant bacteria encompass Klebsiella pneumonia (54.8%), Acinetobac-
ter bsumannii (29.0%), and Pseudomonas aeruginosa (18.1%). The 30-day mortality rate was 20.0%, and the 7-day
microbial clearance rate was 64.5%. The inflammatory marker CR® changes, but not PCT and WBC, were statistically
significant on days 7 and 14 after combination therapy. There were seven patients developing acute renal injury (AKI)

after combination therapy and treating with continuous renal replacement therapy (CRRT). Two patients developed
diarrhea.

Conclusion The combination of CAZ/AVI and colistin has potential efficacy in patients with CR-GNB infection,
but more studies are needed to determine whether it Gan reduce 30-day mortality rates and increase 7-day microbial
clearance. At the same time, the adverse reactions of combination therapy should not be ignored.

Keywords Ceftazidime/avibactam, Colistin, Combination therapy, Carbapenemr-resistant Gram-negative baciili
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ABSTRACT

Objectives: Little is known regarding outcomes and optimal therapeutic regimens of infections caused
by Klebsiella pneumoniae carbapenemase-producing Klebsiella pneumoniae (KPC-Kp) resistant to cef-
tazidime/avibactam (CZA) and susceptible to meropenem (MEM), Although susceptible to MEM in vitro,
the possibility of developing MEM resistance overtime is a concern. We describe the clinical character-
istics of patients with colonization/infection due to KPC variants with a focus on the in vitro activity of
fosfomycin (FOS)containing combinations.
Methods: Patients with colonization/infection due to a KPC variant were included, Fosfomycin susceptibil-
ity was performed by agar dilution method. Synergistic activity of FOS-based combinations was evaluated
by gradient strip-agar diffusion method. The emergence of in vitro MEM resistance was also tested.
Results:  Eleven patients were included: eight with infection [four with ventilator-associated pneumo-
nia and four with bloodstream infections] and three with colonization. Previous therapy with CZA was
administered to all patients (with a mean cumulative duration of 23 days). All subjects with infection re-
ceived meropenem, in monotherapy (n - 4) or with amikacin (n 2) or fosfomycin (n - 2), and achieved
clinical cure. A new CZA-susceptible and MEM-resistant KPC-Kp strain was subsequently isolated in three
patients (27.3%). Meropenem/vaborbactam (MVB) showed high in vitro activity, while FOS MEM combi-
nation was synergistic in 40% of cases, In vitro resistance to MEM was observed with maintenance of CZA
resistance,
Conclusions: Detection of KPC variants may occur within the same patient, especially if CZA has been pre-
viously administered. Although clinical success has been obtained with carbapenems, the emergence of
MEM resistance is a concern, Fosfomycin plus meropenem is synergistic and may be a valuable combina-
tion option for KPC variants, while MVB may be considered in monotherapy. The detection of KPC variants
in an endemic setting for KPC-Kp represents a worryingly emerging condition. The optimal therapeutic
approach is still unknown and the development of meropenem resistance is of concern, which may lead
to therapeutic failure in clinical practice. In these cases, the addition of fosfomycin to meropenem, or a
more potent antibiotic, such as meropenem/vaborbactam, may be valuable therapeutic options.
@ 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Karbapenem Direncli Enterobacterales
Agir Enfeksiyonlar

o Seftazidim-Avibaktam

« Seftazidim-Avibaktam
-Temin edilemezse
-Alerji varsa
-Tolere edilemiyorsa
-Direnc varsa

« Eski antibiyotiklerin kombinasyonu

MBL(+) ise Seftazidim-avibaktam + Fosfomisin veya
Polimiksin veya AG veya Tigesiklin (aztreonam tilkemizde yok)



Eski Antibiyotikler

(MDR-Gram Negatifler Igin intraven6z Kullanilabilen)

Kolistin * Meropenem
Polimiksin-B » Sulbaktam
Aminoglikozidler « Fosfomisin
TMP-SMX » Tigesiklin
Kloramfenikol

Minosiklin

Temosilin



ce

TABLO 5: KRE enfeksiyonlarinin eski antibiyotiklerls tedavisi.*
Klinik Tablo Agr enfeksiyonlart® Agir olmayan enfeksiyoniar
Piysionetit veya Kompilke USE
Ertapenem direngi-Meropenem direncll ve Mempenem MIK sB mg/L ise Mearopaniem (YD, Ul) + Kolistin
Meropenem (¥D,Ul) + Aminoglikozid veya Fosfomisin veya Tigesiklin*** Aminogiikozidler****
Falistin
Tigesikin™"
Meropenem MIK 8 ma/L iss Fostomigin + Aminoglikozid
Tigesiklin** + Koistin veya Gantamisin
Secenakler cok siniri ise Citt karbapenem*™*
Kan Dolagimi Enfeksiyonlan
Meropenem MIK <8 mg/l ise Meropenem (YD, Ul) + Polimiksin
Meropenem (YD,U) +
mellllll H‘Ej’a Tmil"lli
Meropenem MIK > malL isa Palimiksin®***** + Tigesiklin™***
Palimiksin®™***** + Fosfomisin
Tigesiklin'**** + Aminoglikozid
intraabdominal Enfakslyoniar
Meropanem MIK <8 mo/L ise Meropenem{YD,U) + Tigesiklin
Tigesikiin
Meropenem MIK 8 mglL ise Palimiksin + Tigesikdin
Fostomisin + Tigestklin
Palimiksin + Fostomizin™®****
Tigesikin + Aminogakozid™**+*
Hastanede Gelisen Pnimoni veya Ventilatirle iliskili Pndmoni
Meropenem MIK <8 mg/L ise Meropenem {YD,Ul) + Polimiksin
Meropenem + Fosfomisin™****
Merapenem MIK »& molL ise Meropenem********** & Fosfomisin*™****
Fosforrisin + Tigesiklin (YD)
Polimiksin + Tigesikin (YD

“feni andbiyolikiern temin ediemadil, yeni anibiyotikiee drang varif y2 da yen antibyotklann toless ediemedifi dunamizsda edavi kink eblonun sfrhifing, in vitro duyariik ve sker| testien scnuglanna, ssqllecak ajanin farmakokinetk ve farmekodinamik Szeliklerne, anfeksiyon yerna va kons-
§in dzelidering piea bireyselesirimelidir, Eski antibyotklarn koebinasyonianran kindk eqedan bihivenng deiliniiked konusundstd bilgisdmiz yeladl dedidin® Merpensm + keitstin digindatd difer kombinasyoniarda dinik deneyim azdsr ve kandlans Snem bir kism) in vilro sinadi testisrindan et

mekdedir. Genslikes kombinasyontanda anlagonizma gisledlememistr ®
I mkdnze in vitro atkll 2 antbiyetk bombnaseomu yapdmakde
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KPC(+) K. pneumoniae - Tedavi

+ 2010-2011, CM(3), Italya
« 125 Kan Dolasimi Enfeksiyonu — KPC-Kp
« 30 gunluk mortalite %41.6

* Monoterapide(tigesiklin, kolistin, gentamisin)
mortalite %54.3

« Kombinasyonda(2 veya 3 AB) mortalite
%34.1, p=0.02

Tumbarello M et al. Clin Infect Dis 2012



OXA-48(+) Enterobacteriaceae

36 Kan Dolasimi Enfeksiyonu, KDE
26 K.pneumoniae
28.gun mortalitesi %50

Kolistin iceren kombinasyonlarda mortalite
daha az(p<0.001)

Balkan il et al. Int J Infect Dis 2014



KPC(+) K. pneumoniae - Tedavi

+ 2010-2013, CM(5), Italya, KPC-Kp
» 447 Bakteriyemi
« 214 Bakteriyemi ile seyretmeyen enfeksiyon

» In vitro etkili 2 ilag kombinasyonu ile daha
dusuk mortalite(OR, 0.52)

» Meropenem MIK < 8 mg/L ise, meropenem
iceren kombinasyonlarda daha yuksek

sagkalim
Tumbarello M et al. J Antimicrob Chemother 2015
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Prospective, comparative clinical study between high-dose colistin )]
monotherapy and colistin—meropenem combination therapy for
treatment of hospital-acquired pneumonia and ventilator-associated
pneumonia caused by multidrug-resistant Klebsiella pneumoniae

Mohamed Farouk Ahmed Abdelsalam®*, Maged Salah Abdalla®!,
Hanan Salah El-Din El-Abhar*

< Clinical Pharmacy Department, The Teachers’ Hospital, Al-Jazeera, Cairo, Egypt
P Anesthesia Department. Faculty of Medicine, Cairo University, Cairo, Egypt
< Department of Pharmacology and Toxicology, Faculty of Pharmacy, Cairo University, Cairo, Egypt

ARTICLE INFO ABSTRACT

Artdicle history: Objectives: Inclinical practice, colistin is used as combination therapy to improve its antibacterial activity,
Received 11 May 2018 despite the consequent increase in toxicity. This prospective, comparative study evaluated the
Received in revised form 4 july 2018 effectiveness and adverse effects of using colistin alone at a loading dose of 9 million international units

Accepted 6 July 2018

Arsiable oaliae 1T-0 o les 5618 (MIU) followed by 3 MIU every 8 h (g8 h) versus colistin +meropenem 1 g g8 h in treating multidrug-

resistant (MDR) Klebsiella pneumoniae-induced hospital-acquired pneumonia (HAP) or ventilator-
associated pneumonia (VAP). The primary outcome measure was in-hospital mortality. The secondary
measure was the occurrence of colistin toxicity.

Methods: A total of 60 patients were divided into two groups (30 patients each); the first group received
intravenous colistin at a mean daily dose of 8304 MIU and the second group received colistin 8.58 MIU

Keywords:
Multidrug-resistant

Klebsiella pneumoniae
Hospital-acquired pneumonia

Ventilator-associated pneumonia combined with meropenem (mean daily dose of 2.88 g for 15 days).
Hospital mortality Results: The colistin-meropenem combination group showed a significant decrease in mortality versus
Procalcitonin colistin alone [16.7% (5/30) vs. 43.3% (13/30); P=0.047]. The improved clinical response mediated by

combination therapy was not associated with any significant nephrotoxicity, hepatotoxicity or
neurotoxicity. Moreover, the 42 surviving patients showed normal procalcitonin values associated with
a decrease in SOFA score, whilst 12 of them showed significantly elevated C-reactive protein (CRP)
(P=0.0002).
Conclusions: This study revealed the superiority of colistin-meropenem combination therapy over
colistin monotherapy in the treatment of MDR K. pneumoniae-induced HAP or VAP and highlights the
advantage of procalcitonin over CRP as a marker for eradication of sepsis and suspension of therapy.
© 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
rights reserved.



KDE — Polimiksin - Metaanaliz

* 19 kontrollu ve 6 tek kollu calisma

1086 hasta

« Kontrollu calismalarda polimiksin ile tedavi
edilen gruplarla kontrol gruplari arasinda
mortalite, klinik yanit ve mikrobiyolojik
yanit acisindan fark yok

Ni W et al. Braz J Infect Dis 2015



KDE — Polimiksin - Metaanaliz

 Alt grup analizinde polimiksin
kombinasyonunda, polimiksin
monoterapisine ve kontrol grubuna gore
mortalite(28. veya 30.gun) dusuk (OR,
0.36,p<0.01 ve OR,0.49,p<0.01)

Ni W et al. Braz J Infect Dis 2015



KDE — Kombinasyon - Metaanaliz

« 20 randomize olmayan calisma
* 692 hasta

» Bakteriyemi, pndmoni, USE

. Komblnasyon Mortalite

-Tigesiklin + Gentamisin %50
-Tigesiklin + Kolistin %64
-Karbapenem + Kolistin %67

Falagas ME et al. Antimicrob Agents Chemother 2014



KDE — Kombinasyon - Metaanaliz

 Monoterapi — Mortalite
-Kolistin %57
-Tigesiklin %80
* 194 Bakteriyemi

-Kombinasyonda mortalite daha az

Falagas ME et al. Antimicrob Agents Chemother 2014



Karbapenem Direncli GNB

» Gozlemsel calismalarda polimiksin
monoterapisinde mortalite yuksek

» Klebsiella pneumoniae bakteriyemilerinde
bu fark daha belirgin

 Kanit kalitesi?

Zusman O et al. J Antimicrob Chemother 2017



Kolistin ve MDR Gram Negatifler:
Kombinasyon? Monoterapi?

Gozlemsel calismalarda kombinasyon
daha yuksek sagkalim ile birlikte

RKC Ise bu etki yok
Mortalite oranlarinda fark yok

Asya’'daki calismalarda Acinetobacter spp.
bakteriyemilerinde yuksek doz kolistin ile
kombinasyon etkili gorantyor

Vardakas KZ et al. Int J Antimicrob Agents 2018



Journal of Global Antimicrobial Resistance 23 (2020) 197-202

Contents lists available at ScienceDirect

Journal of Global Antimicrobial Resistance

journal homepage: www.elsevier.com/locate/jgar

Polymyxin monotherapy versus polymyxin-based combination N
therapy against carbapenem-resistant Klebsiella pneumoniae: e

A systematic review and meta-analysis

Si-Yuan Hou®", Dan Wu", Xing-Huo Feng®*

* Intensive Care Unit, The People’s Hospital of Liaoning Province, NO. 33 Wenyi Road, Shenhe District, Shenyang Liaoning 110016, China
® Second Department of Rheumatology, Shengjing Hospital of China Medical University, 39 Huaxiang Road, Tiexi District, Shenyang, Liaoning 110022, China

ARTICLE INFO ABSTRACT

/\"H'C{E history: Objectives: This meta-analysis was performed to compare polymyxin monotherapy and polymyxin-based
Received 22 October 2018 combination therapy for carbapenem-resistant Klebsiella pneumoniae (CR-KP) infections.

Received in revised form 21 july 2020 Methods: We conducted searches on MEDLINE, Embase and Cochrane Collaborative database for both

Accepted 31 August 2020

Available online 19 October 2030 observational studies and randomised controlled trials (RCIs) comparing polymyxin monotherapy with

polymyxin-based combination therapy in patients with CR-KP infection. The primary outcome was mortality. We
= - divided all included studies into several groups according to different combination-combination and different
eyWOords; infection types. The odds ratio (OR) and 95% confidence intervals (Cl) were calculated for outcome analysis.

:,,O:,{,ggﬁgpy Results: Ten studies with 481 patients were included. Polymyxin monotherapy was associated with higher
Combination therapy mortality than polymyxin-based combination therapy in treatment of CR-KP bloodstream infections (BSI)
Carbapenem-resistant Klebsiella (OR 193, 95% A 1.14-327, P=0.01) and ventilator-associated pneumonia (VAP)/hospital-acquired
prneumoniae pneumonia (HAP) (OR 3.82, 95% Cl 1.15-12.71, P=0.03). In subgroup analysis of different combinations,

mortality was significantly higher with polymyxin monotherapy compared with combination therapy
with tigecycline (OR 1.88, 95% Cl 1.05-3.37, P=0.03), or with cabapenem (OR 3.11, 95% Cl 1.25-7.74,
P=0.01), but nodifferences were found in combinations withaminoglycosides (OR 1.29,95% C10.72-2.29,
P=0.38). Three-drug combination therapy including polymyxin was also associated with significant

survival benefit (OR 3.86, 95% Cl 1.60-9.32, P=0.003).
Conclusions: Polymyxin-based combination therapy provides significantsurvival benefitin treatmentofCR-
KP, which appears to be more pronounced when a carbapenem or tigecycline is included in the regimen.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy. Thisis anopen access article under the CCBY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).



» PDR Kp(CAZ-AVI heniiz yok)
-Ertapenem + Meropenem + Kolistin
Oliva A et al. Int J Infect Dis 2015
» PDR Kp(CAZ-AVI heniiz yok)

-Cift Karbapenem x Kaolistin
Emre S ve ark. KLIMIK Derg 2018
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Ertapenem plus meropenem combination treatment
in carbapenem-resistant Klebsiella pneumoniae bacteremia:
an analysis of 53 cases
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Abstract

Herein. we aimed to describe the outcomes of patients with blood stream infections due to carbapenem-resistant Klebsiella
prneumoniae (CR-Kp) who received ertapenem plus meropenem combination treatment (EMCT). A total of 53 patients
with culture proven CR-Kp bacteremia treated with ertapenem + meropenem were included. The patients with secondary
bacteremia due to urinary tract infection exhibited a significantly lower |-month mortality (OMM), particularly in those
with microbiological eradication and those with end-of-treatment success. Salvage EMCT resulted in 49% 1-month survival.

Table 1 Analysis of study - :
aiables i ol o s Treatment e gimens after culture results Day-30 mortality p value
mortality (p valoes show Present Absent
comparison of that gimen
versus othars) Gender Femak 8.(62%) 5 (38%) 0379
Maie 19 (52%) 21 (48%)
Age (years) 62.19 + 276 5892+ 291 0.4
Day 3-5 microbiological success Present 4{20%) 16 (80%) 0.002¢
Absent 19 (65%) 10 (35%)
End of treatment microbiological success Present 12(32%) 25 (68%) <0.001*
Absent 11 (92%) 1(8%)
Pneumonia subgroup Present 7 (70%) 3 (30%) 0293
Absent 2 (46%) 23 (54%)
Urmary tract infection subgroup Present 0(0%) 8 (100%) 0.002¢
Absent 27 (60%) 18 (40%)
Only receiving EMCT Present 7(37%) 12 (63%) 0920
Absent 13 (38%) 21 (62%)
End of therapy clinical success Present 2{(7%) 25 {93%) <0.001*
Absent 25 (96%) 1 (4%)

*p<0.05
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Double-, single- and none-carbapenem-containing regimens for the
treatment of carbapenem-resistant Enterobacterales (CRE)
bloodstream infections: a retrospective cohort

Maria Helena Rigatto™?*4, Fabiano Ramos*“t, Andressa Barros’, Silvia Pedroso®, Isabelli Guasso®,
Luciana Gongalves®, Pedro Bergo® and Alexandre P. Zavascki®?
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Clinicas de Porto Alegre, Porto Alegre, Brazil; “Infection Control Service, Hospital Sdo Lucas da PUCRS, Porto Alegre, Brazil; Pontificia
Universidade Catélica do Rio Grande do Sul, Medical School, Porto Alegre, Brazil

*Corresponding author. E-mail: mrigatto@hcpa.edu.br
{These authors contributed equally to this study.

Received 27 April 2022; accepted 19 July 2022

Objectives: To investigate the effect of double-, single- and none-carbapenem-containing antimicrobial regi-
mens in the treatment of patients with carbapenem-resistant Enterobacterales (CRE) bloodstream infections
(BSIs).

Methods: We conducted a retrospective cohort study from 2013 to 2020 in two Brazilian hospitals. Patients
>18 years old with CRE BSI were included and excluded if death or treatment duration for <48 h after BSI or
non-Class A-producing carbopenemase isolates. We evaluated the impact of different carbapenem-containing
regimenson 30 day mortality through a propensity score adjusted model and a Cox proportional hazards model.

Results: Two-hundred and seventy-nine patients were included for analyses: 47 (16.9%), 149 (53.4%) and 83
(29.8%) were treated with double-, single- and none-carbapenem-containing regimens, respectively. One-hun-
dred and seventeen (41.9%) patients died in 30 days. Treatment with a single-carbapenem regimen was asso-
ciated with a lower risk of death in 30 days compared with therapies containing no carbapenem [adjusted HR
{aHR) 0.66, 95% CI1 0.44-0.99, P=0.048], when adjusted for Charlson score and ICU admission at baseline, while
double-carbapenem regimens were not assaciated with a lower risk of death (aHR 0.78, 95% CI 0.46-1.32, P=
0.35). Propensity score adjusted model results went in the same direction.

Conclusions: Double-carbapenem- was not superior to single-carbapenem-containing regimens in patients
with CRE BSIs. Single-carbapenem-containing schemes were associated with a lower mortality risk.



Tigesiklin + Kolistin

 OXA-48(+) Kp: Sinerjik

« KPC-3(+) Kp: Intermediate veya Aditif

 VIM-1 ve KPC-2(+) Kp: Intermediate veya
Aditif

Betts JW et al. Antimicrob Agents Chemother 2014



« KPC-Kp, Intraabdominal enf
-Normal doz Tigesiklin + Kolistin: Basaril
-Susun MIK degerleri duisuk
Camargo JF et al. Antimicrob Agents Chemother 2015
» PDR Kp bakteriyemi(CAZ-AVI heniiz yok)
-Yuksek doz Tigesiklin + Kolistin: Basarili
Humphries RM et al. J Med Microbiol 2010



Tigecycline Treatment for Carbapenem-Resistant
Enterobacteriaceae Infections

A Systematic Review and Meta-Analysis

Wentao Ni, MD, Yuliang Han, MD, Jie Liu, MD, Chuangi Wei, MD, Jin Zhao, MD,
Junchang Cui, MD, Rui Wang, PhD, and Youning Liu, MD

Abstract: Carbapenem-resistant Enterobacteriaceae (CRE) infections
are prevalent worldwide: they have few effective treatments and this
jeopardizes public health. Clinicians often use tigecycline to combat
CRE, but its clinical efficacy remains controversial. Therefore, to
compare the efficacy and safety of tigecycline in treating CRE infections
compared with that of other antimicrobial agents, and to evaluate
whether combination therapy and high-dose regimens are beneficial,
we performed a systematic review and meta-analysis.

PubMed and Embase were searched for controlled trials or cohort
studies reporting the efficacy and/or safety of tigecycline-based regi-
mens to treat CRE infections. Statistical analyses were performed using
the Comprehensive Meta-Analysis V2.2, All meta-analyses were per-
formed based on fixed- or random-effects model, and the I° method was
used to assess heterogeneity.

Twenty-one controlled studies and 5 single-arm studies were included
in this systematic review. With regard to the controlled studies, the
tigecycline groups did not differ significantly from the control groups
in terms of overall mortality (Odds ratio (OR) =0.96 [95% confidence
interval (CI)=0.75-1.22; P =0.73]), clinical response rate (OR=0.58
[95% CI=0.31-1.09; P=0.09]), or microbiological response rate
(OR =046[95%CI=0.15-1.44; P =0.18]). Subgroup analyses showed
that 30-day mortality was significantly lower in patients who received
tigecycline combination therapy than in those who received monotherapy
(OR=1.83 [95% CI=1.07-3.12; P=0.03]) and other antibiotic regi-
mens (OR =0.59 [95% CI=0.39-0.88;: P=0.01]), respectively. In
addition, high-dose tigecycline regimens differed significantly from
standard dose schedules in terms of ICU mortality (OR= 1248 [95%
CI=2.06-75.43; P=0.006]). The results of the 5 single-arm studies
corroborated the findings of the controlled studies.

Our results indicated that the efficacy of tigecycline in treating CRE
infections is similar to that of other antibiotics. Tigecycline combination
therapy and high-dose regimens may be more effective than monotherapy
and standard-dose reglmens respectlvely Nonetheless, cons:dcrmg that

controlled tnals are urgently needed to clarxfy the comparatwe efﬁcacy
of tigecycline in treating CRE infections.

(Medicine 95(11)e3126)

Abbreviations: CI = confidence interval, CRE = carbapenem-
resistant Enrerobacteriaceae. ICU = intensive care unit, NOS =
Newcastle—Ottawa scale, OR = odds ratio. RCT = randomized
controlled trial.

INTRODUCTION

E nterobacteriaceae, such as Klebsiella pneumoniae, Escher-
ichia coli, and Enterobacter cloacae, are frequently
involved in hospital-associated infections. In particular, qtrams
that produce extended-spectrum [-lactamases are common.'

Carbapenems are the most broadly used first-line antibiotics for
such infections. However, widespread use of these drugs has
resulted in the emergence of carbapenem-resistant strains, most
of which produce carbapenemases and are, therefore, resistant
to the drug.” In recent years, these versatile carbapcncmases
have spread worldwide among the Enterobacteriaceae, especi-
ally K pneumoniae. For this reason, nosocomial outbreaks of
carbapenem-resistant Enterobacteriaceae (CRE) are frequent
worldwide, lcadmg to prolonged hospital stays and higher
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Polymyxin B/Tigecycline
Combination vs. Polymyxin B or
Tigecycline Alone for the Treatment
of Hospital-Acquired Pneumonia
Caused by Carbapenmnem-Resistant
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Introduction: it is not clear whether polymyxin B/tigecycline (PMB/TGC) combination
is better than PMB or TGC alone in the treatment of hospital-acquired pneumonia (HAP)
caused by carbapenem-resistant organisms (CROs).

Methods: We conducted a muiticenter, retrospective cohort study in patients with
HAP caused by CROs. The primary outcome was 28-day mortality, and the secondary
outcomes included clinical success and the incidence of acute kidney injury (AKI).

Multivariate Cox rearession analvsis was performed to examine the relationshio
between antimicrobial treatments and 28-day mortality by adjusting other potential

confounding factors.

Results: A total of 364 eligible patients were included in the final analysis, i.e., 99 in
the PMB group, 173 in the TGC group, and 92 in the PMB/TGC combination group.
The 28-day mortality rate was 28.3% (28/99) in the PMB group, 39.3% (68/173) in the
TGC group, and 48.9% (45/92) in the PMB/TGC combination group (o = 0.014). The
multivariate Cox regression model showed that there was a statistically significant lower
risk of 28-day mortality among participants in the PMB group when compared with
the PMB/TGC combination group [hazard ratio (HR) 0.50, 95% confidence interval (Cl)
0.31-0.81, p = 0.004] and that participants in the TGC group had a lower risk of 28-day
mortality than in the PMB/TGC combination group but without statistical significance.
The incidence of AKI in the PMB group (52.5%) and the PMB/TGC combination group
(53.3%) was significantly higher than that in the TGC group (33.5%, p = 0.001).

Conclusion: The appropriate PMB/TGC combination was not superior io
appropriate PMB therapy in the treatment of HAP caused by carbapenem-resistant
Enterobacteriaceae/carbapenem-resistant Acinetobacter baumannii (CRE/CRAB) in
terms of 28-day mortality.
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Pharmacokinetics of high-dose tigecycline
in critically ill patients with severe infections
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Abstract

Background: in critically ill patients, the use of high tigecycline dosages (HD TGC) (200 ma/day) has been recently
increasing but few pharmacokinetic/pharmacodynamic (PK/PD) data are available. We designed a prospective obser-
vational study to describe the pharmacokinetic/pharmacodynamic (PK/PD) profile of HD TGC in a cohort of critically ill
patients with severe infections.

Results: This was a single centre, prospective, observational study that was conducted in the 20-bed mixed ICU of a
1500-bed teaching hospital in Rome, Italy. In all patients admitted to the ICU between 2015 and 2018, who received
TGC (200 mg loading dose, then 100 mg g12) for the treatment of documented infections; serial blood samples

were collected to measure steady-state TGC concentrations. Moreover, epithelial lining fluid (ELF) concentrations
were determined in patients with nosocomial pneumania. Amongst the 32 non-obese patients included, 11 had a
treatment failure, whilst the other 21 subjects successfully eradicated the infection. There were no between-group
differences in terms of demographic aspects and main comorbidities. In nosocomial pneumonia, for a target AUC,, ,,/
MIC of 4.5, 75% of the patients would be successfully treated in presence of 0.5 mecg/mL MIC value and all the patients
obtained the PK target with MIC = 0.12 mcg/mL. In intra-abdominal infections (IAl), for a target AUC, .,/MIC of 6.96,

at least 50% of the patients would be adequately treated against bacteria with MIC < 0.5 mcg/mL. Finally, in skin and
soft-tissue infections {SST1), for a target AUC,,/MIC of 17.2 only 25% of the patients obtained the PK target at MIC
values of 0.5 mecg/mL and less than 10% were adequately treated against germs with MIC value > 1 mcg/mL HD TGC
showed a relevant pulmonary penetration with a median and IQR ELF/plasma ratio (%) of 152.9 [73.5-386.8].

Conclusions: The use of HD TGC is associated with satisfactory plasmatic and pulmonary cancentrations for the
treatment of severe infections due to fully susceptible bacteria (MIC < 0.5 mcg/mL). Even higher dosages and combi-
nation strategies may be suggested in presence of difficult to treat pathogens, especially in case of SST1 and JAL

Keywords: Tigecycline, High dose, Pharmacokinetics, Epithelial lining fluid, Critically ill patients, Severe infections




Table 1 Baseline patients’ characteristics

Total cohort (n=32) Treatment failure (n=11)  Treatment success (n=21)  pvalue
Demographicsand comorbidities
Age, years 56 [46-685) 55 [49.75-71] 56 (45-6825] 075
Malesex, N (%) 17 (53.1) 51(455) 12457.1) 08
Weight, (kg) 76.5 [60-50) 75 [67.8-80] 90 {60-100] 045
Albumin, (g/dL)* 23 [21.5-265] 22 [1925-2625] 24[2275-265) 017
Fluid balance, (mL)* +7629 [—393 10 43703 5] +3332({-11242t0+4+4112] 616.3 [—3585 10 +2592.7) 05
SAPS Il score 535 [445-675] 61 [44.7-665) 52(435-675] 082
Cardiovascular diseases, N (%) &6(18.75) 3273) 3(143) 039
COPD, N (%6) 50156} 1{%1) 4(19.0) 064
Chronic renal failure, N (%) 7(219) 3(273) 4(19.0) 04
Diabetes, N (%) 3(94) 0 3(143) 053
Neoplasm, N (%) 7219 4{364) 3(143) 02
Presenting features and outcomes
ICU LOS before TGC, (dayz) 75{25-16) 5[05-11.25] 12{3.75-1825] 013
MV duration before TGC (days) 8{3-12) 5[05-11.25] 8[3.751475} 0ae
Vasopressors duration before TGC (days) 45(0-85] 5 [025-825) 4 [0-825} 089
SOFA score® 7§4-10) 8{47512) & [4-9) 02
Septic shock, N (3)* 18(563) 7 (636) 11(524) o7
ARF requiring MV, N (56)* 28{875) 10 (90.9; 18(857) 1
AKl requiring CRAT, N (%)* 11 (344) 3(273) B(38.1) 07
Creatinine clearance (mi/min)* 97.3(32-1508) 632 [32-155) 104 [30-142] DAa5
VAP, N (%) 19 (594) 3(273) 16 (762} a0z
Non-pulmonary infections, N (96)# 13 {406) 8(72.7) 5(238) a0z
Secondary bacterasmia, N (%) 13 {406) 4(364) (429 1
Source control, N (36) 13 {406) 7{635) 6 (2856) ao7
TGC therapy duration, (days) 12 [9-15] 12[10-15) 11{8-17] 069
TGC empirical therapy, N (%) 17(531) 7 (638) 10(47.6) 047
Gram-positive bacteria N (%)** 11 (344) 4(3564) 7(333) 1
Gram-negative bacteria N (%6)*** 29 (906) 10{909; 19 (905) 1
ICU LOS after TGC, (days) 15 {10.5-27] 145[12-19) 16[10-314) D42
MV duration after TGC (days) 10 [5-15) 14{9.75-1575) 8(2-135) D04
Vasopressars duration after TGC (days) 3{15-13) B[225-13) 3 [0-10.75) D12
30-day mortality g9{28.1) B(727) 1 (48) <DDO1

Data are presented as median [IQR], unless otherwise indicated

Pts patients, VAP ventilator-associated pneumonia; TGC tigecyching, SAPS I Simplified Acute Physiology Score, COPD chronic obstructive pulmonary disease, LOS length
of stay, ICU Intensive Care Unit, MV mechanical ventilation, SOFA Sequential Organ Fallure Assessment, AK! acute kidney injury; CRRT continuous renal replacement
therapy, ARF acute respiratory failure, MV mechanical ventllation; kg kilogram, JQR interquartile range

* Evaluated at TGC starting day

** i.e. Staphylococcus aureus (n = 6), enterococcl (n = 3), streptococcus spp. (n= 2}

*44 Le. Acinetobacter boumannil (n = 10), carbapenem-resistant Kiebslella pneumonia (n = 6), Escherichia coli (n= 6), Proteus spp. (n= 5}, Bacteroldes spp. (n=2)

* Ten Intra-abdominal infections and three skin and soft-tissue Infections



Table 2 Steady-state serum and alveolar

parameters in the 32 enrolled patients

TGC PK

Parameter

Patients (n=32)

Vid, L
CL LM
vz h

C g meg/mib

e

C i meg/mil
ELFC
ELF C,,, mca/mlL*®

ELF/plasma ratio (%0), medan [XJR)"
AUC, ., mcg h/mL

AUC;.,/0.12 meg/mL MIC > 45, (3%)
AUC 5 54/0.25 meg/mL MIC = 45, (%)
AUC ;2405 meg/mL MIC =45, (9%)
AUC 241 meg/mL MIC =45, (%)
AUC; /2 meg/mL MIC = 4.5, (%)
AUC; ,,/012 meg/mL MIC =696, (%)
AUC; ,,/0.25 meg/mL MIC =656, (%)
AUC, ../05 meg/mL MIC = 6.96, (%)
AUC, /1 meg/mbL MIC =696, (%)
AUC, 24/2 mcg/mL MIC = 696, (%)
AUC, 20/0.12 meg/mi MIC = 17.9. (%)
AUC 5 24/0:25 mog/mL MIC = 17.9, (%)
AUC, /05 meg/mL MIC > 17.9, (%)
AUC, /1 mcg/mL MIC= 179, (%)
AUC; /2 mcg/mL MIC= 179, (%)

s TCG/MLE

43386

421

7.2

0.34 (0.15-1.03)
0.09 (0.05-026)
042 (0.15-1.2)
0.32 (0.17-043)
152.9 [735-386.8]
361 [2.55-10.39)
100

o4

75

406

28.1

100

91

50

344

156

78

44

25

9.4

3.1

Data are expressed as median (MOR] and N (%)

TGC tigecycline; PK pharmacokinetic; Vd volume of drug distribution, JOR
interquartile range; CL drug clearance; t;,; elimination haif-life; C_ _ peak
plasmatic concentration; C,,,,, trough plasmatic concentration; ELF epithelial
lining fluid; MIC minimum inhibitory concentration; AUC total drug area under

the time—concentration curve

*TGC ELF concentrations were measured in 12 {1 h) and 7 (12 h) samples,

respectively
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Fig. 1 Total tigecycline plasma concentration (mean = 5E) versus
time of administration
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Fig. 2 Probability of target attainment of pharmacodynarnics

indices in plasma, according to infection types and MIC. HAP;
haspital-acquired pneumania; AL intra-abdominal infection; S5T1: skin
and soft-tissue infection; AUC: area under the curve; MIC: minimum
inhibitory concentration (mag/mil)
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INn-vitro activity of fosfomycin against £Escherichia
coli and Klebsiella prnewumnoniage bloodstream
isolates and frequency of OXA-48, NDM, KPC, vinm,

IMP types of carbapenemases in the carbapemnem -
resistant groups
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Sxakim, HMalis Akahin, iftihar Koksal & Serhat UOnal

Table 2. In-vitro fosfomycin susceptibility of E. coli isolates.

Fosfomycin susceptibility® Fosfomycin Fosfomycin
Bacteria n of the isolates n (%) MICs, (ng/ml) MICyq (ng/ml) Range (pug/ml)
Escherichia coli
Carbapenem-susceptible 85 84/85 (98.8%) 05 8 05-128
Carbapenem-resistant™ 41 39/417 (95.1%) 1 32 0.5-256
Total 126 122/126 (96.8%)

*Fisher's exact test pvalue=0.786
“32/41 were carbapenemase-produdng

Table 3. In-vitro fosfomycin susceptibility of K pneumoniae isolates,

Fosfomycin susceptibility® Fosfomycin Fosfomycin
Bacteria n of the isolates n (%) MICs, (1g/ml) MiC,, (1g/ml) Range (ug/ml)
Kiebsiella pneumoniae
Carbapenem-susceptible 76 69/76 (90.79%) 16 32 1-256
Carbapenem-resistant”® 144 100/144 (69.4%) 16 128 05-256
Total 220 169/220 (76.8%)

*CMH Chi-sq. test pvalue=0.0004
*131/144 were carbapenemase-produdng

Table 4. Distribution of types of carbapenemases in fosfomycin-resistant and fosfomycin-susceptible £ coil and K pneunaoniae isolates.
Oxa-48 NDM  KRC VIM WP Oxa-48 NDM  Oxa48 NDM, KIC  Oxa-48, NOM, M OXA-48, IMP  NDM KPC VIM  NDM, KPC. VIM, IMP

Escherichia coli 30 - - 1 - 1 - - - - - -
Carbapenemase-psitve i1 =32)

Fosfomycn<esistant (n=1) 1 - - - - - - -

Fasfomycinsuscaptiie | =31) 29 - - 1 - 1 - -

Klebsiella pneumaniae 82 2 14 5 - E 1 - 1 2 3 2
Carbapenemase-positive ¢ =131)

Fosfomycin<esistant (n=40) 24 4 2 2 - 6 - - - 1 1 -

fosfomycins usceptibie {1 =91) 58 8 12 3 - 3 1 - 1 1 2 2
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Retrospective analysis of fosfomycin combinational therapy for
sepsis caused by carbapenem-resistant Klebsiella pneumoniae

YUN LIAOY . GUANG-HUI HU? . YUN-FEI XU-, JIAN-PING CHE-, MING LUO~,
HAI-MIN ZHANG~, BO PENG~, XU-DONG YAO’, JUN-HUA ZHENG~ and MIN LIU~

. Abstract. The aim of the present study was to compare the
C;In’ 2012-2014 efficacy and safety of fosfomyein combinational therapy with
. : other antibiotics for the treatment of infections caused by
Er|§k|n haStalar(1 04) carbapenem-resistant Klebsiella pneumoniae (CRKP). This

_ : retrospective cohort study examined 104 cases of sepsis caused
Karb R K. p neumoniae by CRKP occurring between January 2012 and November 2014

SepSIS/Ag”. SepSIS/Septlk §Ok in Shanghai Tenth People's Hospital. Three categories of

patient outcome were assessed: Survival/mortality, duration
ol : : of intensive care umit stays and duration of medical ventila-

10 sus fosfomisin direncli . e ¢ b ety
tion. Univariate ordinal analyses were adopted to evaluate
T NEa—— Ty e sl o 1047 the correlations between outcome and treatment. A total of
tients with severe infection caused by carbapenem-resistant 104 patients with Phj,'mman—d%agnnsed CR_KFP were 111'i.'olv_ed_1n
Klebsiella pneumoniac. the study. The overall mortality rate was 25.0%. The majority
of the infections (84; 80.8%) were hospital acquired. Critical

Drog Sensiie Tiiecmediry:  Resittnoe infections received more than one active antibiotic as therapy.
Tigecycline 68 (65.4) 1(1.0) 35 (337) Patients treated with fosfomyecin combinational therapy were
Minocyline 79 (76.0) 17 (16.3) 8(77) less likely to fail therapy (OR: 4.71, 95% CI: 1.03-21.65,
Colistin 97 (93.3) 0@ 7(6.7) P=0.034) and tended to have a shorter duration of mechaniecal
Senamety: W) 00 i ventilation. Gender (OR: 435, 95% CI: 1.08-3.60, P=0.037).
Q{?rlomgm 'f (({gf:) 88 162 ((;392) history of chronic obstructive pulmonary disease (OR: 9.35,
imipepxleem 1 (1:00 0 (0) 103 (99:0) 95% CI: 0.06-0.19, P=0.007) and periph_eml catheter use ((;)R:
Enapenem 1(1.00 0(0) 103 (99.0) 3.00, 95% CI: 0.07-019, P=0.002) are r1sk factors for clinical
Cefepime 9(8.7) 0(0) 95(91.3) outcome. Therefore, the use of fosfomyein combinational
Fosfomycin 40 (38.5) 54(519) 10 96) therapy for treatment of infection due to CRKP appears to be

associated with improved survival rate.



Table I. Baseline characteristics of 104 patients with severe infection caused by carbapenem-resistant Klebsiella pneumoniae.
Univariate analysis of factors associated with clinical outcome, N (%).

Demographic variables Total (104) Mortality (26) Survivors (/8) P-value OR (93% CI)
Age (mean + SD) 672157 68.4+155 66.8+£159 0.641
Gender
Male 79 (76.0) 16 (61.5) 63 (80.8) 0.047 2.63 (1.00-6.93)
Female 25 (24.0) 10 (38.5) 15 (19.2)
Type of infection
CAP 28 (26.9) 6 (23.1) 22 (28.2) 0.610 131 (046-3.69)
HAP 84 (80.8) 21 (80.8) 63 (80.8) 1.000 1.00 (0.32-3.08)
Urinary tract infection 17 (16.3) 5(19.2) 12 (154) 0.646 0.76 (0.24-2.42)
Surgical site infection 11 (10.6) 2(77) 9 (11.5) 0.581 1.57 (0.32-7.76)
Intra-abdominal infecton 4398 1(3.8) 3(3.8) 1.000 1.04 (1.00-1.08)
Primary bacteraemia 9(8.7) 3 (11.5) 6 (7.7) 0.546 0.64 (0.15-2776)
Central venous catheter
bacteraemia 0 (0 00 0 (©0)
Ventilator associated pneumonia 1(10) 0 (0) 1(1.3) 1.000 0.75 (067-0.83)
Targeted treatment
Monotherapy 32 (30.8) 11 (42.3) 21 (269) 0.141 0.50 (0.20-1.27)
Combination therapy 72 (69.2) 15 (57.7) 57 (73.1)
Fosfomycin combination 24(231) 2(7.7) 22 (28.2) 0.034 4.71 (1.03-21.65)
I_Othcr treatment regimens 65 (61.9) 16 (24.6) 49 (75.4)
Length of ICU stays 15.2+10.5 17.6+12.2 0.355
Duration of mechanical ventilation 10.7£10.6 109+£109 0958



In vitro synergistic activity of fosfomycin in
combination with meropenem, amikacin
and colistin against OXA-48 and/or
NDM-producing Klebsiella pneumoniae

Buket Erturk Sengel® @, Gulsen Altinkanat Gelmez™ @, Guner Soyletir @
and Volkan Korten® @

Journal of Chemotherapy 2020

Table 1. Chequerboard results obtained with fosfomycin in combination with meropenem, amikacin and colistin against
17 CPKp blood isolates.

MIC values (mg/L)  MRP/FOS | AMK/FOS COLFOS
Isolate no  Carbapenemase FOS MRP AMK COL | Activity FICI Activity FICI Activity  FICI
1 OXA-48 >256 16 16 - | 0.51 | 1.24 A 4,18
2 OXA-48 + NDM 16 128 2560 0.5 S 0.36 S 0.05 S 0.32
3 NDM 16 64 >5120 1 S 0.20 Undetermined® S 0.32
4 OXA-48 16 16 64 32 | 0.81 | 0.86 | 2,33
5 NDM 64 84 4096 =32 S 0.39 | 0.75 S 0.21
6 NDM 8 84 >5120 C S 0.35 Undetermined™ A 4.86
7 NDM 256 256 2560 1 S 0.48 n 0.75 S 0.27
- OXA-48 + NDM 84 256 2560 32 S 0.44 | 0.80 | 20
] OXA-48 32 64 512 16 S 0.26 S 0.29 | 3.0
10 OXA-48 + NDM 84 64 4608 32 S 0.33 | 0.77 n 2.51
11 OXA-48 16 32 256 8 S 0.07 S 0.15 | 0.54
12 OXA-48 32 16 8 - S 0.29 | 1.80 | 0.88
13 OXA-48 + NDM 256 512 >5120 32 S 0.42 Undetermined® | 1.20
14 NDM 32 64 4608 16 S 0.12 S 0.24 S 0.06
15 OXA-48 + NDM 84 64 2560 1 S 0.18 S 0.38 S 0.31
16 OXA-48 16 16 2 1 S 0.23 | 1.35 | 0.67
17 OXA-48 32 16 4 1 S 0.32 | 1.70 S 0.45

SThree results were not interpretable due to off-scale MICs and labeled indeterminate for the AMK/FOS combination.

S: Synergy (FICI <0.5), I: Indifference (FIC| >0.5 but <4), A: Antagonism (FICI >4), Undetemined: FICI not interpretable,
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A comparative study of ceftazidime/avibactam-based and fosfomycin plus
meropenem-based regimens for managing infections caused by
carbapenem-resistant Klebsiella pneumoniae in critically ill patients

Ugur Onal® @, Ulkii Tiizemen®, Pinar Kiiciikdemirci Kaya®, Remzi iscimen*, Nermin Kelebek Girgin®,
Ciineyt Ozakin®, Ferda Kahveci® and Halis Akalin®

*Department of Infectious Diseases and Clinical Microbiology, Uludag University, Bursa, Turkiye; "Department of Medical
Microbiology, Uludag University, Bursa, Tiirkiye; “Department of Anesthesiology and Reanimation, Uludag University, Bursa, Tiirkiye

ABSTRACT ARTICLE HISTORY

The main aim of this study was to compare and analyze the effectiveness of treatment regimens ~ Received 9 November 2023
using ceftazidime/avibactam (CAZ/AVI) versus fosfomycin plus meropenem (FOS/MER) for man-  Revised 22 April 2024
aging bloodstream infections (BSI) or ventilator-associated pneumonia (VAP) caused by carbape- ~ Accepted 24 April 2024
nem-resistant Klebsiella pneumoniae (CRKP) in critically ill patients. Between 4 January 2019, and
16 July 2023, adult patients (=18 years old) diagnosed with BSI or VAP due to culture confirmed Cofmidinc svibactam:
CRKP in ICU of a tertiary care hospital were investigated retrospectively. A total of 71 patients fosfomycin; me,opene;n.
were categorized into two groups: 30 patients in CAZ/AVI-based, and 41 patients in FOS/MER- . banenem-resistant
based group. No substantial disparities were found in the total duration of ICU hospitalization,  Kiebsiella pneumoniae
as well as the 14- and 30-day mortality rates, between patients treated with CAZ/AVI-based and

FOS/MER-based therapeutic regimens. We consider that our study provides for the first time a

comprehensive understanding of treatment outcomes and associated risk factors among

patients with CRKP-related infections.

KEYWORDS



Table 1. Characteristics of patients receiving CAZ/AVI-based and fosfomycin plus meropenem-based therapeutic regimen.

Variable CAZ/AVI (n= 30) FOS/MER (n=41) Chi-square or t-test p-values
Age 5940+349 58.76+2.76 0.834
Gender (Female) 10 (33%) 17 {41%) 0.486
Hypertension 14 (47%) 19 {46%) 0.978
Diabetes mellitus 8 (27%) 16 (39%) 0.277
CoPD 5 (17%) 4 (10%) 0387
Chronic Renal Failure 4 (13%) 12 (29%) 0.112
Immunosuppression 7 (23%) 13 (32%) 0438
APACHE-! score (at admission) 22931132 23.15+1.52 0.916
APACHE-II score (at diagnosis) 239+131 219+1.05 0.235
SOFA score (at the time of culture collection) 7.87+064 856+054 0414
SOFA score (at diagnosis) 8331064 8.66+0.54 0.700
INCREMENT-CPE score (at diagnosis of BSI} 948+ 087 11.12+057 0.110
Bloodstream infection 17 (57%) 24 (59%) 0.875
Combination treatment” 19 (63%) 29 (71%) 0.511
7 (23%) 13 (32%) 0438
Duration (in days) from index culture to initiation of treatment® 42+052 337+045 0.235
Polymicrobial infection 19 (63%) 21 (51%) 0309
Polymicrobial BSI 8 (27%) 10 {24%) 0.828
Polymicrobial infection with Acinetobacter spp. 9 (30%) 11 (27%) 0.769
Polymicrobial infection with Pseudomonas aeruginosa 5 (17%) 4 (10%) 0387
Polymicrobial infection with Staphylococd 3 (10%) 6 (15%) 0.562
Polymicrobial infection with other pathogens® 4 (13%) 2 (5%) 0.206

All data are exhibited as number (3%), Mean + standard deviation {SD), COPD: Chronic obstructive pulmonary disease, CRRT: Continuous renal replacement
therapy, CAZ/AVI: Ceftazidime/avibactam-based, FOS/MER: Fosfomycin plus meropenem-based.

"Rather than FOS/MER combination.
PCAZ/AVI- based or FOS/MER-based treatment.

“Escherichia coli (n = 2), Citrobacter koseri (n = 2), Stenotrophomonas maltophilia (n = 1), Enterococcus faecium (n=1).

Table 2. Mortality rates and length of ICU hospitalization for CAZ/AVI-based and fosfomycin plus meropenem-based therapeutic

regimens.

Variable CAZ/AVI (n=30) FOS/MER (n=41) Chi-square or r-test p-values
14-day mortality 10 (33%) 17 (42%) 0.486

30-day mortality 15 (50%) 25 (61%) 0357

14-day mortality within the BSI subgroup 5 (29%) 7 (29%) 0.986

30-day mortality within the BSI subgroup 8 (47%) 13 (54%) 0.654

14-day mortality within the VAP subgroup 5 (39%) 10 (59%) 0.269

30-day mortality within the VAP subgroup 7 (54%) 12 (71%) 0346

Total duration of ICU hospitalization (days) 59.93+998 4527+729 0.228

All data are exhibited as number (%), Mean +standard deviation (SD), CAZ/AVI: Ceftazidim/avibactam-based, FOS/MER: Fosfomycin plus meropenem-

based.
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Rapid emergence of colistin resistance and its impact
on fatality among healthcare-associated infections

M. Aydin®*, O. Ergoniil®, A. Azap“, H. Bilgin“, G. Aydin ©°°, S.A. Cavus’,
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N.A. Demir®, I. Karaoglan', S. Basaran™, C. Hatipoglu”, S. Erdinc”,

E. Yilmaz®, A. Tumturk?, Y. Tezer”, H. Demirkaya“, S.E. Cakar’,

S. Keske”, S. Tekin”, C. Yardimc1®, C. Karakoc®, P. Ergen", O. Azap 9,

L. Milazimosglu 9, O. Ural®, F. Can Y, H. Akalin ©, Turkish Society of Clinical
N

GC SUMMARY

This article describes the emergence of resistance and predictors of fatality for 1556 cases
of healthcare-associated Gram-negative bloodstream infection in 2014 and 2015. The
colistin resistance rate in Klebsiella pneumoniae was 16.1%, compared with 6% in 2013. In
total, 660 (42.4%) cases were fatal. The highest fatality rate was among patients with
Acinetobacter baumannii bacteraemia (58%), followed by Pseudomonas aeruginosa (45%),
Klebsiella pneumoniae (41%), Enterobacter cloacae (32%) and Escherichia coli (28%). On
multi-variate analysis, the minimum inhibitory concentrations for carbapenems [odds ratio
(OR) 1.02, 95% confidence interval (Cl) 1.01-1.04; P = 0.002] and colistin (OR 1.1, 95% Cl

1.03-1.17; P = 0.001) were found to be significantly associated with fatality.
@ 2017 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.



Table |

Antibiotic resistance rates in 1556 episodes of healthcare-associated Gram-negative bacteraemia

Species N (%) of isolates that were resistant to:

Carbapenems  Fluoroquinolones  Third-generation cephalosporins  Aminoglycosides  Colistin
Acinetobacter baumannii N =437 401 (91.8) 389 (89.0) 410 (93.8) 310 (70.9) 9(2.1)
Klebsiella pneumoniae N = 416 216 (51.9) 266 (63.9) 320 (76.9) 200 (48.1) 67 (16.1)
Escherichia coli N = 339 34 (10.0) 189 (55.8) 203 (59.9) 103 (30.4) 3(0.9)
Pseudomonas aeruginosa N = 205 88 (42.9) 102 (49.8) 103 (50.2) 65 (31.7) 18 (8.8)
Enterobacter cloacae N = 159 37 (23.3) 46 (28.9) 59 (37.1) 51 (32.1) 9(5.7)

The most common primary diagnosis in the study patients
was cardiovascular disease, followed by solid organ and hae-
matological malignancies (Table Il). On univariate analysis,
numerous factors were found to be associated with fatality
(Table Il). On multi-variate analysis, age =70 years, central-
catheter-related infections, wventilator-associated pneu-
monia, APACHE Il score, MIC of carbapenems and MIC of colistin
were included as the independent wvariables. The MICs of
carbapenems [odds ratio (OR) 1.02, 95% confidence interval
(ch 1.01—1.04; P = 0.002] and colistin (OR 1.1, 95%
Cl 1.03—1.17, P = 0.001) were the only factors that were
significantly associated with fatality. The logistic regression
model predicted fatality with sensitivity of 74% (area under
receiver operating charactenrstic curve was 74%).



Kolistin-R ve Karbapenem-R Kp

« Kolistin + Tigesiklin sinerjik

Betts Jwet al. Antimicrob Agents Chemother 2014

« Kolistin + Ertapenem + Meropenem hizli
bakterisidal etki

Oliva A et al. Int J Infect Dis 2015
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Effect of colistin-tigecycline combination on colistin-resistant
and carbapenem-resistant Klebsiella pneumoniae and
Acinetobacter baumannii

Suyeon Park,' Yanhong Jin,' Kwan Soo Ko'

TABLE 1 Antimicrobial susceptibility profiles of K. pneumaniae and A. baumanmii strains

Species Strain Minimum inhibitory concentration {mg/L)*
Tigecycline Colistin Meropenem Imipenem
K. pneumoniae 742 1(S) 64 (R) 64 (R) 64 (R)
777 1(S) 64 (R) 64 (R) 64 (R)
A baumannii F-1629 2(S) >64 (R) >64 (R) >64 (R)
SCH2203-16 2(S) 64 (R) >64 (R) >64 (R)

R, resistant; S, susceptible.

Zaman-Olum Egrisi
Kolistin 2 mg/L + Tigesiklin 4-8 mg/L Sinerjik etkili
Galleria mellonella larva modelinde etkili
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Synergistic Activity of Colistin-Containing Combinations
against Colistin-Resistant Enterobacteriaceae

Thea Brennan-Krohn, 29 Alejandro Pironti,© James E. Kirby><

TABLE 2 Rates of synergy by drug using checkerboard array
% synergy? (95% confidence interval) for:

Strains excluding species

intrinsically resistant to
Drug tested in combination with colistin All strains colistin
Linezolid 95.0(73.1-99.7) 100 (78.1-100.0)
Rifampin 947 (71.9-99.7) 100{77.1-100.0)
Azithromycin 90.0 (66.9-98.2) 100 (78.1-100.0)
Fusidic acid 90.0 (66.9-98.2) 94.4(70.6-99.7)
Minocycline 85.0 (61.1-96.0) 88.9(63.9-98.1)
Clindamycin 80.0 (55.7-93.4) 88.9(63.9-98.1)
Erythromycin 80.0 (55.7-93.4) 88.9(63.9-98.1)
Chloramphenicol 75.0 (50.6-90.4) 77.8(51.9-92.6)
Levofloxacin 70.0 (36.4-80.0) 66.7 (41.2-85.6)
Doxycycline 60.0 (36.4-80.0) 66.7 (41.2-85.6)
Ceftazidime-avibactam 41.2(19.4-66.5) 46.7 (22.3-72.6)
Tigecycline 25.0(9.6-49.4) 27.8(10.7-536)
Vancomycin 25.0(9.6-49.4) 27.8(10.7-53.6)
Tetracycline 20.0 (6.6-44.3) 22.2(7.4-48.1)
Meropenem 15.0 (4.0-38.9) 11.1(1.9-36.1)
Amikacin 15.0 (4.0-389) 16.7 (44-42.3)
Trimethoprim-sulfamethoxazole 15.0(4.0-38.9) 11.1(1.9-36.1)
Apramycin 10.0(1.8-33.1) 11.1(1.9-36.1)
Daptomycin 0.0 (0-22.9) 0.0 (0.0-25.3)

aSynergy percentages represent the results of testing of 20 isolates for each combination, except
rifampin (results of testing of 19 isolates were used because 1 trial had skipped wells), daptomycin (results
for testing of 17 isolates were used because 1 trial had skipped wells and 2 trials had colistin MICs > +1
2-fold dilution from the modal MIC), and ceftazidime-avibactam (results for 17 isolates were used because 3
trials had colistin MICs >+ 1 2-fold dilution from the modal MIC).



TABLE 3. Univariate analysis of risk factors for in-hospital
mortality among 91 patients infected by carbapenem-resis-

tant Kilebsiello pneumoniae (CR-KP)

Survivors Non-survivors
(n = 66), n (%) (mn~25),n(%) p
Demographic dara
Age (years, median, IQR) 6B 457 .752 75,60 775 005
Male sex <40 (&0.8) 15 (60) '
Underiying conditions
n PP S0 27 (409 15 {60) 0.15
Diabetes 23 34.8) 8 32) 081
Chromic obstructiee i8 27.3) 13 32) 004
pulmonary disease
Chronic kidney discase 15 Q2.7) 12 (48) o.02
Cancer 13 (19.7) & 24) o077
Chromsc liver disease 4 (&) 2 (8) '
Crarison score {(median, IQR) 5 28 & 4-10 0.03
Days of stay before 125,737 17.13-25 029
isolation {(median, IQR)
Ward of hospialization
Intensive-care wnst 23 (34.8) 21 (84) ~0.001
APACHE I} score 14, 1217 I8 12-22 o2
(median, 1O
Medical 34 (515 2 (8) ~0.001
Sargical 9(I3& Z 3 051
Mechanism of carbap resi
Kp ice carbagp 59 (89.4) 24 (98) 0.69
Veraona integron-encoded 3 (4.5) o
menllo-fi-laccamase
Exzended specoruem 4 (&.1) 1%
o f‘ﬁhcunnses + OmpKs
Imipenem &4 (97) 24 (96) ]
Meropenem 57 (B6.4) 24 (9&) 027
Gentamecin 51 (77.3) 21 {(B4) 057
Codsun 19 (28.8) 13 (32) 0.05
Tigecycine 15 2. 2z (8) 0.1+
i 8714 (571 3% (33.3) 0.40
Type of infecton
tract 29 (43.9) o ~0.001
I8 (27.3) 16 {&49) 0.002
10 (15.2) & (2%) 0.36
8 (121 10 {40) 0.006
8 {121 & (24) 0.19
9 (13.6) 2 (8 !
2(3) 1 (% '
Q 15 (&0) ~0.001
S0 (7S 17 (65) 0.59
iz (56:?; 17 (68) 034
(53 (22_7) 1 (% 003
4 (1) 045
12 (IO Z; 4 (1s) i
& 032
3 (ﬂ S) 2 o0&l
4 (6.1) 2 '
TRy ey ¥

IQR. interquartile range: ICU, ntensive care unet. OmpKs, cuter membrane

Em

indodes patents with sold organ transplantation. cortoo-

stnrodthm andlunanmodeﬁdcn:y wirus infecoon.

“APACHE W score ar the KOU adm

hospaalized i ICU at the teme of CR-KP nohnon.

d for the 46 pavents

“Skin and soft gssues Infection includes surgical site infecoons.
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High rate of colistin resistance among patients with carbapenem-resistant
Klebsiella pneumoniae infection accounts for an excess of mortality
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TABLE 4. Multivariate analysis of risk factors for in-hospital
mortality in patients with infection due carbapenem-resistant
Klebsiella pneumonice (CR-KP), adjusted for appropriate
antibiotic treatment, combination therapy and removal of
the infectious source

OR (95% C1) [
Charlson comorbidity score 142 (115 1.76) 0.001
Hospicalzason o intensive-care unit 18.05 (3.90 8351) <0.001
Bloodstream infection 4.92 (1.35-1728) 0.0t
Infection due to a colisun-resismnt strain 415{0L17-1474) 0.02
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Objectives: Antimicrobial therapy for sepsis caused by carbapenem- and colistin-resistant Kiebsiella pneumoniae

is not well established. We hypothesized that the early use of gentamicin in cases due to susceptible organisms
would decrease the crude mortality rate of this infection.

Methods: This retrospective cohort study examined 50 cases of sepsis caused by carbapenem-resistant
K. pneurnoniae occurring between June 2012 and February 2013 during an outbreak of K. pneumonice ST512
producing KPC-3, SHV-11 and TEM-1. Survival curves categorized by the use of gentamicin were constructed
using the Kaplan - Meier method and compared using the log-rank test. Eight multivariate models using Cox
regression were designed to study the risk factors for mortality and test the hypothesis.

Results: The 30 day crude mortality rate was 38%. The use of targeted gentamicin was associated with reduced
mortality (20.7% versus 61.9%, P=0.02). In all multivariate regression models, the use of gentamicin was
independently associated with lower mortality until Day 30 (HR 0.17 -0.29, P=0.03-0.002 depending on the
model) after controlling for other potential confounding variables such as age, optimal treatment, renal function,
severity of infection, underlying disease, use of tigecycline and previous hospitalization.

Conclusions: Gentamicin reduced the mortality from sepsis caused by this K. pneurnonice ST512 clone producing
KPC-3, SHV-11 and TEM-1.

Keywords: K. pneumoniae, carbapenem resistance, mortality



Table 1. Baseline characteristics of 50 patients with severe infection caused by carbapenem-resistant and colistin-resistant K. pneumonige: univariate

analysis of factors associated with crude mortality at 30 days

Number (%) of patients (unless otherwise stated)

no survivors
total (n=50) survivors (n=19) (n=31) P HR (959 CI)

Demographic variables

age (years), median (range) 60.5 (19-86) 67 (41-86) 55 (19-85) 0046 1.03(1.00-1.06)

male 32 (64.0) 12 (63.2) 20 (64.5) 09571 0.98(0.38-2.49)
Comorbidities

Charlson index, median (range) 4 (0-11) 4 (0-11) 3 (0-8) 0.178 1.13(0.95-1.35)

renal failure® 16 (32.0) 10 (52.6) 6 (19.4) 0.008 3.44(1.39-8.54)
Previous hospitalization (3 previous months) 16 (32.0) 10 (52.6) 6 (19.4) 0022 2.88(1.16-7.14)
Admission to the ICU 22 (44.0) 8 (62.1) 14 (45.2) 0671 1.16(0.59-2.59)
Invasive procedures (in previous week)

mechanical ventilation 26 (52.0) 10 (52.6) 16 (51.6) 0.644 1.24(0.49-3.16)

central venous catheter 36 (72.0) 11 (57.9) 25 (80.6) 0.349 0.62(0.23-1.68)

urinary catheter 46 (92.0) 17 (89.5) 29 (93.5) 0.893 0.90(0.21-3.92)
Prior antibiotic therapy (in the previous month)

quinolones 21 (42.0) 12 (63.2) 9 (259.0) 0043 2.63(1.03-6.71)

amoxicillin/clavulanic acid 14 (28.0) 3 (15.8) 11 (35.5) 0.132 0.42(0.12-1.43)

meropenem 23 (46.0) 9 (47.4) 14 (45.2) 0.764 1.14(0.46-2.82)

cephalosporins 12 (24.0) 7 (36.8) 5 (16.1) 0.071 2.36(0.93-6.02)

piperacillinftazobactam 13 (26.0) 6 (31.6) 7 (22.6) 0.461 1.44(055-3.79)
Type of infection

pneumcenia 24 (48.0) 8 (62.1) 16 (51.6) 0.356 1.07(0.93-1.23)

purulent tracheobronchitis & (8.0) 1(5.3) 31(9.7)

urinary tract infection 10 (20.0) 5 (26.3) 5(16.1)

surgical wound infection 4 (8.0) 1(5.3) 3(9.7)

intra-abdominal infection 1(2.0) 1(5.3) 0 (0)

infection of skin and soft tissue 1(2.0) 0 (0) 1(3.2)

endocarditis 1(2.0) 1(5.3) 0

primary or catheter-related bacteraemia 4 (8.0) 2 (10.5) 2 (6.5)

infection of the CNS 1(2.0) 0 1(3.2)
Bacteraemia 18 (36.0) 7 (36.8) 11 (35.5) 0.866 1.08(0.43-2.57)
Severe sepsis/septic shock 30 (60.0) 18 (94.7) 12 (38.7) 0006 16.6(2.21-125.1)
ClLcr at start of antibiotic treatment (mL/min), mean+ SD 96.2+53.2 69.4 + 38.0 1126 + 55.0 0.005 0.98(0.97-0.99)



Active empirical treatment 6 (12.0) 2 (10.5) 4(12.9) 0.857 0.87(0.20-3.78)
Time to initiation of optimal targeted treatment (days), 2,1 (0-5) 1.7 (0-5) 2.2 (0-5) 0.405 0.86(0.61-1.22)
mean (range)
Optimal targeted treatment 37 (74.0) 9 (47.4) 28 (90.3) 0001 0.18(0.07-0.45)
monotherapy 16 (32.0) 4(21.1) 12 (38.7) 0.258 0.53(0.18-1.60)
tigecycline 8 (16.0) 3 (15.8) 5(16.1)
gentamicin 8 (16.0) 1(5.3) 7 (22.6)
combination therapy 21 (42.0) 5(26.3) 16 (51.6) 0.058 0.37(0.13-1.03)
tigecycline +gentamicin 21 (42.0) 51(26.3) 16 (51.6)
Optimal targeted treatment with tigecycline 29 (58.0) 8 (42.1) 21 (67.7) 0.059 0.41(0.16-1.03)
Optimal targeted treatment with high-dose tigecycline 10 (20.0) 1(5.3) 9 (29.0) 0.098 0.18 (0.20-1.37)
no survivors
total (n=50) survivors (n=19) (n=31) P HR (95% CI)
Targeted treatment with meropenem 11 (22.0) 9 (47.4) 2 (6.4) <0.001 6.02(2.37-15.28)
Optimal targeted treatment with gentamicin 29 (58.0) 6(31.6) 23 (74.2) 0002 0.21(0.08-0.57)
MIC <2 mg/L 13 (26.0) 1(53) 12 (38.7) 0.009 0.05(0.01-0.47)
MIC >2 to <4 ma/L 16 (32.0) 5(26.3) 11 (35.5) 0.133 0.42(0.14-1.30)

Variables with a statistically significant different distribution between survivors and non-survivors are shown in bold.

“CLcr calculated using the Cockroft-Gault formula.



Klebsiella pneumoniae Bakteriyemisi

» Kartal Kosuyolu Hastanesi
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« 210 Kp bakteriyemisi

« 111 Karbapenem direncli

* 60 Kolistin direncli(OXA-48 %78, NDM %35)
« 30.gun mortalitesi %58
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« Tedaviye amikasin eklenmesi koruyucu
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Kolistin Direncli Kp - VIP

Table 2 - Antibiotic susceptibility test on bronchoalveolar

lavage positive for KPC-Kp.

Antibiotic' Vitek-2* (MIC ug/m]) E-test (MIC ygg/ml)
Amikadn > 16 32
Colistin >16 4
Cotrimoxazole - »32
Fosfomycin - 16
Gentamicn 4 2
Imipenem »16 16
Meropenem >16 8
Tigegydine 2 2

KPC-Kp, Klebsiella preumoniae producing KPC-type carbapenemase,

MIC, minimum inhibitory concentration.

* Susceptiblity was determined in sccordance to Eumpean
Committes on Antimicrobial Susceptibdity Testing (EUCAST)
clinical breakpoints,




Kolistin Direncli Kp - VIP

BAL positive to KEC-Kp
ond dlagnosh of VAP

 Tigesiklin 2x100 mg
+ Fosfomisin 3x3 g
+ Kolistin 2x4.5 MIU

* 9 gunluk tedavi ile
lyllesme

Viaggi B et al. Respir Invest 2015

‘nG-fos-coL| ¢

Fig. 2 - Time-course of serum procalcitonin concentration
and antibiotic administrations in the intensive care unit.
QOL: colistin, FOS: fosfomycin, TIG: tigecycline, BAL:
bronchoalveolar lavage, KPC-Kp: Klebsiella pneumoniae
producing KPC-type carbapenemase,
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ABSTRACT Combination therapy including colistin and a carbapenem has been
found to be associated with lower mortality in the treatment of bloodstream infec-
tions (BSI) due to KPC-producing Klebsiella pneumoniae when the isolates show a
meropenem or imipenem MIC of <16 mg/liter. However, the optimal treatment of
BSI caused by colistin- and high-level carbapenem-resistant KPC-producing K. pneu-
moniae is unknown. A prospective cohort study including episodes of bacteremia

caused by colistin-resistant and |high-level meropenem-resistant (MIC = 64 mg/liter)

KPC-producing K. pneumoniae diagnosed from July 2012 to February 2016 was per-
formed. The impact of combination therapy on crude 30-day mortality was analyzed
by Cox regression using a propensity score as a covariate to control for indication
bias and in an inverse probability of treatment weighting (IPTW) cohort. The study
sample comprised 104 patients, of which 32 (30.8%) received targeted monotherapy
and 72 (69.2%) received targeted combination therapy; none of them received either
colistin or a carbapenem. The 30-day crude mortality rate was 30.8% (43.8% in pa-
tients treated with monotherapy and 25% in patients receiving combination ther-
apy). In the Cox regression analysis, 30-day mortality was independently associated
with septic shock at BS| onset (hazard ratio [HR], 6.03; 95% confidence interval [C]],
1.65 to 21.9; P = 0.006) and admission to the critical care unit (HR, 2.87; 95% (I,
0.99 to 8.27; P = 0.05). Targeted combination therapy was associated with lower
mortality only in patients with septic shock (HR, 0.14; 95% (I, 0.03 to 0.67; P = 0.01).
These results were confirmed in the Cox regression analysis of the IPTW cohort.
Combination therapy is associated with reduced mortality in patients with bactere-
mia due to colistin-resistant KPC-producing K. pneumoniae with high-level carbap-
enem resistance in patients with septic shock.



Patients with KPCKP bacteremia from July 2012 to February 2016
(n=162)

Excluded patients
(n=58)

KPCKP bacteremia of Polymicrobial Targeted treatment
abdomina! origin bacteremia initiated > 72 hours
(n=486) (n=7) following culture
(n=5)
Monotherapy Bitherapy Triple therapy
(n=32) (n=40) (n=32)

FIG 1 Study flow diagram.

TABLE 3 Outcome of patients with bacteremia due to colistin-resistant Kiebsiella
pneumoniae with high-level meropenem resistance according to treatment regimen

Treatment regimen No. dead/treated Mortality (%)
Monotherapy
Tigecycline 8/15 533
Gentamicin 4/9 R
Fosfomycin 2/8 25
Total for monotherapy 14/32 4338
Combination therapy
Tigecycline + gentamicin 3113 23.1
Tigecycline + fosfomycin 6/16 375
Gentamicin + fosfomycin 3 273
Tigecycline + fosfomycin + gentamicin 6/32 18.8

Total for combination therapy 18/72 25




Kolistin-R ve Yuksek Duzeyde
Meropenem Direncli Kp Bakteriyemisi

Kolistin ve karbapenem icermeyen kombinasyonlar

Monoterapi 14/32(%43.8 mortalite)
-Tigesiklin
-Gentamisin
-Fosfomisin

Kombinasyon 18/72(%25 mortalite)

-Tigesiklin + Gentamisin
-Tigesiklin + Fosfomisin

-Gentamisin + Fosfomisin
-Tigesiklin + Fosfomisin + Gentamisin
Septik soklu hastalarda kombinasyon yararli(p<0.001)
Machura | et al. Antimicrob Agents Chemother 2017
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Treatment pattern, prognostic factors, and outcome in patients
with infection due to pan-drug-resistant gram-negative bacteria

Diamantis P. Kofteridis' - Angeliki M. Andrianaki® - Sofia Maraki” - Anna Mathioudaki' - Marina Plataki' -
Christina Alexopoulou® « Petros loannou ' - George Samonis ' + Antonis Valachis*

PDR Gram Negatif, Retrospektif, Yunanistan
2010-2018, 65 PDR izolat

Klebsiella pneumoniae 31(%48)
Acinetobacter baumannii 28(%43)
Pseudomonas aeruginosa 6(%9)

Ampirik tedavi

Kolistin iceren kombinasyonlar 32(%49)
Kolistin ve tigesiklin icermeyen kombinasyonlar 25(%39)
Karbapenem + Tigesiklin 8(%12)



Table 3 Predictive factors for
infection-related in-hospital
mortality in patients with
infection due to PDR pathogens

Table 2 Infection-refated n-hospital mortality in study cohornt

according to antibiotic treatment strategy

Treatment strategy

Total number Mortality

of patients nite, in %
(%)
Empirical therapy 65 {100) 32
Colistin combmation 32 (49) 16
Colistin + carbapenemes (1) 29
Colistin + tigecycline + carbapencemes 70 0
Colistin + 1 other antibronc 7(11) 0
Colistin + 2 other antibiotics 6(9) 33
(non-tigecycline)

“olistin + tigecychne 5(7) 20
Non-colistin, non-tigecycline combmation 25 (39) 56
Carbapencmes + tigecycline 8(12) 25

Subsequent therapy 38 (59) 47
Cohstin combmation 26 168) 58
Colistin + 2 other antibioties 14(37) 64
(non-tigecycline)
“olistin + tigecychne + carbapenemes 7 (1%) 57
Colistin + 1 other antibiotic 4010 50
Non-colistin, non-tigecycline combmation 8 (21) 25
Carbapencmes + tigecycline 4010 25
Colistin + tigecychne 1(2) {
Varubles Odds ratio 95% confidence mterval ~ p value
Charlson comorbidity index 15 1.0-23 0.030
Prior steroid use 4l 1.0-17.0 0.049
Non-colistin, non-tigecycline empirical therapy 15 1.7-328 0.008
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Abstract: Introduction: Gram-negative bacteria (GNB) account for about 70% of infections in the
intensive care unit (ICU) setting and are associated with significant morbidity and mortality. In recent
vears, pan-drug resistant (PDR) strains, strains that are not susceptible to any antibiotic, have been
emerged and new treatment strategies are required. Results: Fifty eligible patients were recruited in
the three groups. A statistically significant reduction in the Sequential Organ Failure Assessment
(SOFA) score was observed in the control group on day 4 in comparison to day 0 of VAP (p = 0.005).
The Clinical Pulmonary Infection Score (CP1S) was also reduced on day 4 (p = 0.0016) and day 7
in comparison to day 0 (p = 0.001). Patients that received combination therapy, CAZ-AVI + ATM
and DCT, presented with a lower SOFA score and CPIS on day 7 in comparison to day 0 (p = 0.0288
and p = 0.037, respectively). No differences in the ASOFA score and ACPIS were found between the
groups. The control group presented with a significantly lower ICU stay and duration of mechanical
ventilation (p = 0.03 and p = 0.02, respectively). There was no difference in mortality. Materials and
methods: This is a retrospective analysis. This study was conducted in a mixed ICU in the University
Hospital of Larissa, Thessaly, Greece during a three-year period (2020-2022). Patients suffering
from ventilator associated pneumonia (VAP) due to carbapenem-resistant K. pneumonia (CR-KP)
were divided in three different groups: the first one was treated using ceftazidime-avibactam plus
aztreonam (CAZ-AVI + ATM group), the second was treated using double carbapenems (DCT group),
and the last one (control group) received appropriate therapy since the strain was susceptible in vitro
to at least to one antibiotic. Conclusions: Treatment with CAZ-AVI +ATM or DCT may offer a clinical
benefit in patients suffering with infections due to PDR K. preumoniae. Larger studies are required to
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Table 2. Possible antimicrobial combination therapy for C-C-RKp infections, according to the meropenem MIC value and the site of infection. The choice of
antimicrobials depends on in vitro susceptibility assays.

Metallo-$-Lactamase Producer Strain

Site of Infection Serine Carbapenemases Producer Strain (i.e., KPC, OXA-48 Like) (i.e,, VIM, IMP. NDM)

Meropenem MIC < 16 mg/L Meropenem MIC > 16 mg/L

o ceftazidime/avibactam
o ceftazidime/avibactam + fosfomycin

o ceftazidime/avibactam or gentamicin
¢  meropenem double dosage (prolonged infusion) e  Consider fosfomycin plus gentamicin in case of 1 T——"

+ fosfomycin resistance to ceftazidime/avibactam CefEiioae/avibactain  arfutnay

Bloodstream infections ° ~:.nerolt:'ene.n) double dosage (prolonged infusion) ke cptions: Future option:
P o cefiderocol

o meropenem double dosage (prolonged infusion) *  cefiderocol

+ fosfomycin + gentamicin e  plazomicin

e meropenem/vaborbactam (not active against
OXA-48-like carbapenemases)

e ceftazidime/avibactam + fosfomycin
 grnmamian e ceftazidime/avibactam + aztreonam

double d longed infusi

A TRy Consider fosfomycin plus gentamicin in case of

Flospital anyutlr: 0 fosf(_m?_v ) : f resistance to ceftazidime/avibactam s
pneumonia, including VAP ® iegea’f::‘n':;g:v'b“mm + fosfomycin Future options: o cefiderocol

e meropenem/vaborbactam (not active against o exavacychne

OXA-48-like carbapenemases)

o ceftazidime/avibactam + tigecycline

£ gentamicin
e ceftazidime/avibactam + tigecycline ' cenazidime./avibactam Hlgeoydiee o ceftazidime/avibactam + aztreonam
+ gentamicin + fosfomycin :
Abdominal infections e  meropenem double dosage (prolonged infusion)  Future options: Futereoption:
+ tigecycline + gentamicin e cefiderocol

e plazomicin
e meropenem/vaborbactam (not active against
OXA-48-like carbapenemases)
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Table 2. Cont.
A ; X - : Metallo-3-Lactamase Producer Strain
Site of Infection Serine Carbapenemases Producer Strain (i.e., KPC, OXA~48 Like) (ie, VIM, IMP NDM)
Meropenem MIC < 16 mg/L Meropenem MIC > 16 mg/L
o ceftazidime/avibactam + fosfomycin
o ceftazidime/avibactam + fosfomycin + gentamicin . )
5 ftazidime/avibacta tre
+ gentamicin o consider fosfomycin + gentamicin in case of * ShmleremaD
N —— ¢ meropenem double dosage (prolonged infusion) resistance to ceftazidime/avibactam Future option:
Urinary tract infections + fosfomycin + gentamicin . - 0 R
o consider fosfomycin trometamol for uture options: bz otaicin
uncomplicated urinary tract infections ¢ meropenem/vaborbactam (not active against P
OXA 48-like carbapenemases)
»  meropenem double dosage (prolonged infusion) felleekiitievibacn < gecpie o  ceftazidime/avibactam + aztreonam
Complicated skin and skin + tigecycline o ceftazidime/avibactam = fosfomycin P e
tructure infecti AT s . . X o ceftazidime/avibactam + tigecycline
structure Infections o ceftazidime/avibactam = tigecycline 1 fakoty ci’n BeCY & catidiseel

Source control is recommended within 24 h of the diagnosis of intra-abdominal infection to remove infected fluid and tissue and to prevent ongoing contamination. C-C-RKp = Colistin-,
Carbapenem-resistant K. pnewmoniae; KPC: K. pneumoniae carbapenemase; VIM: Verona integrin encoded metallo-f-lactamase; IMP: Imipenemase; NDM: New Delhi metallo-f-lactamase;
VAP: Ventilator associated pneumonia.






