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Kolistin

Bacillus polymyxa subspecies colistinus
Polimiksin A-E, 1947
Polimiksin B ve Polimiksin E(Kolistin)

1950-1980 yillar arasinda yogun
kullanim

Nefrotoksisite
Kistik fibroz



Kimyasal Yapisi

Kolistin ve Kolistin Metansulfonat
Kolistin Metansulfonatin Sulfametil Gruplar
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Figure 1. Colistin structures. (A) Structures of colistin A and B. (B) Structures of colistimethate A and B. Fatty acid: 6-methyloctanoic acid for colistin A and

6-methylheptanoic acid for colistin B; Thr = threonine; Leu = leucine; ab = =, v-diaminobutyric acid; =« and + indicate the respective amino groups invohed
in the peptide linkage. (Modified from Li et al.®).



Etki Mekanizmasi

= Bakterisidal etkisi son derece hizli
= Konsantrasyona bagimli etki
= Anti-endotoksin etki



Etki Mekanizmasi

Hedefi dis hucre membranidir
Dis membranin koruyucu etkisi = LPS

LPS: Hidrofobik ve/veya buyuk
antibiyotiklerin gecisini engeller



Polimiksin gram negatif bakteriler
uzerine 2 basamakli mekanizma ile
tamamen deterjana benzer bir etki
gosterir

Katyonik peptid olan kolistin, bakteri
dis membranindaki anyonik LPS ile
elektrostatik olarak etkilesir

LPS'nin fosfat gruplari icindeki Ca ve
Mg iyonlarini digsari ¢ikarir

Permeabilite bozuklugu sonucu olum






KOLISTIN — KOLISTIMETAT SODYUM

1 mg Kolistin baz = yaklasik 2,4 mg Kolistimetat sodyum
COLIMYCIN / KOCAK’ta: 384 mg Kolistimetat sodyum var

1 mg Kolistin baz = 30.000 1U

1 mg Kolistimetat sodyum = 12.500 IU

1.000.000 1U = 80 mg Kolistimetat
sodyum

1.000.000 I1U = 33.3 mg Kolistin Baz

150 mg Kolistin  =4.500.000 IU



Kolistin (Sanford, 2016)

* FK/FD: f AUC/MIC

* Tek doz sonrasi(150 mg baz IV) Cmax 5-
7.5 pg/ml (Sanford, 2015)

* Proteine baglanma %350

« Serum yarilanma omru 6.3-12 saat
* Vd 0.17 L/kg

* Gebelikte C grubu

« Aminoglikozidler, AmB-d, Vankomisin ile
birlikte nefrotoksisite artisi



Kolistin

Kararli duzeylere 2.gunde ulasiyor
Yukleme dozu gerekli

CMS renal yoldan atiliyor

Kolistin tubuler reabsorbsiyona ugruyor
CMS ve kolistin hemodiyalizle atiliyor
Surekli hemofiltrasyonda 6 MU/gun

Couet W et al. Clin Pharmacol Ther 2011
Plachouras D et al. Antimicrob Agents Chemother 2009
Garonzik SM et al. Antimicrob Agents Chemother 2011



Renal clearance

Colistimethate
Renal clearance
Non-renal clearance
(Hydrolysis)
Colistin

Non-renal clearance

Figure 2: Schematic representation of the disposition of colistimethate and
the colistin generated from it in the body, following administration of
colistimethate sodium




Kolistin - Doz Ne Olmali ?

Yukleme dozu (Kolistin baz)
2.5 x 2 x Vucut aglrllgl (ideal veya gercek-

dusuk olani kullanilir)

l[dame doz (yUkleme dozundan 12 saat sonra gegilmesi ve

8-12 saatte bir verilmesi onerilmektedir)

2.5 X [(1.5 x CrCl) + 30]
CrCl= CrCIl X vucut yuzeyi /1.73 m?
ldame giinlik maksimum doz < 340 mg

Sanford, 2016



Colimycine - Prospektus

 Yukleme dozu

-5 mg/kg (300 mg’'t gecmeyecek sekilde)

-Kreatinin klirensinden bagimsiz bir
sekilde

-Diyalize girmeyen tum hastalar icin



Spektrum

Acinetobacter spp.
Pseudomonas aeruginosa
Klebsiella spp.

Enterobacter spp.
Escherichia coli
Stenotrophomonas maltophilia




Kolistine Intrensek Direncli
Bakteriler

« Serratia spp.

* Proteus spp.

* Providencia spp.

* Burkholderia cepacia
* Morganella spp.

* Moraxella catarrhalis



Kolistin — Heterorezistans

* A.baumannii’'de kolistine karsi
heterorezistans

Li J et al. Antimicrob Agents Chemother 2006

e Kolistin — Heterorezistans
-K. pneumoniae
-A. baumannii
-P. aeruginosa

Bialvael AZ et al. Curr Med Res Opin 2015



Enterobacteriaceae

Miscellaneous agents MIC breakpoint | Disk | Zone diameter |[Notes

(mg/L) content |  breakpoint |Numbered notes rel:

(pg) (mm) Lettered notes relate
S¢ R > §2 R<

Chleramphenicol g g 30 17 17 1. Fosfomycin MICs musi
Caolistin 2 2 Note™ Mote”  (dilution methods). Follow
Daptomycin _ - i 2.. Tri methn:upr.im:sul‘arr' et
Fosfomycin iv 37! e vl P = HE-Breskpomnisappiyie
Fosfomycin oral (uncomplicated UTI only) 32! 32" IF =
Fusidic acid - - - A. Use an MIC method.
Metronidazole - - -
Mupirocin - - -
Nitrofurantoin (uncomplicated UTI only), E. coli f4 B4 100 11
Rifampicin - - -
Spectinomycin - - -
Trimethoprim {uncomplicated UTI only) 2 4 5 g 15
Trimethoprim-sulfamethox azole® 2 1.25-23.75 ﬁ 13




Pseudomonas spp.

EUCAST Clinical Breakpoint

Miscellaneous agents MIC breakpoint Disk Zone diameter |Notes
{mgfL) content breakpoint  [Numbered notes relate to general comments andfor MIC bre
(pg) {mm) Lettered notes relate to the disk diffusion method.
Sc< R= Sz R=
Chleramphenicol - - - 1. Infections caused by wild type isolates (ECOFF 128 mg/L}) have been tre
Colistin 4 4 Mote™ Mote™

Daptomycin

Fosfomycin iv!

Fosfomycin oral’

Fusidic acid

Metronidazole

Mupirccin

Hitrofurantoin (uncomplicated UTI only)

Rifampicin

Spectinomycin

Trimethoprim {uncomplicated UTI only)

Trimethoprim-sulfamethoxazole

A. Use an MIC method.

Acinetobacter spp.

Miscellaneous agents

MIC breakpoint
{(mg/iL)

Disk
Ccontent
(pa)

S5 <

Zone diameter
breakpoint

{mm)

5>

R =

Notes
MNMumbered notes rel:
Lettered notes relate

Chloramphenicol

Colistim

MNote™

Daptomycin

Fosfomycin iv

Fosfomycin oral

Fusidic acid

Metronidazole

Mupirccin

Mitrofuramtoin (uncomplicated UTI only)

Rifampicin

S pectinomycin

Trimmethoprin uncoemplicated UTI cnly)

R _ 1
Trimethoprim-sulfamethoxazole

= 1.25-23.T5

16

1. Trmethoprim:sulfamet

A Use an MIC method.




Kombinasyon-In vitro Sonuclar

» A.baumanni

= Kolistin + rifampisin
= Kolistin + amikasin
= Kolistin + imipenem
= Kolistin + doksisiklin

Giamarellos-Bourboulis E et al. Diagn Microbiol Infect Dis 2001
Timurkaynak F et al. Int J Antimicrob Agents 2006
Haddad FA et al. Eur J Clin Microbiol Infect Dis 2005

Bratu S et al. Eur J Clin Microbiol Infect Dis 2005



Acinetobacter baumannii - Polimiksin
In vitro Sinerji

* 39 yayin ve 15 bildiri

« Zaman - olum egqirisi

» Kolistin + Karbapenem %77 sinerjik
» Meropenem > Imipenem

Zusman O et al. Antimicrob Agents Chemother 2013



Acinetobacter baumannii — Polimiksin
In vitro Sinerji(%)

« /0 yayin ve 31 bildiri
* 1484 A. baumannii susu

Zaman-0Olum Dama Tahtasi E-test
POL+CAR 80.6 39.6 32.4
POL+RIF  57.2 60.3 30.8
POL+TIG 41.6 10.4 13.5
COL+GLP 70.8 56 -
POL+SUL 70.8 54.1

Wentao N et al. Int J Antimicrob Agents 2015



Kolistin Tedavisi

2000-2007, Atina

MDR gram negatif, 258(222’si YBU)
-170 A. baumannii
-68 P. aeruginosa
-18 K. pneumoniae
-1 S. maltophilia
-1 E. cloacae

135 izolat sadece kolistine duyarl

155 pnomoni, 33 bakteriyemi, 22
abdominal enfeksiyon

Falagas ME et al. Int J Antimicrob Agents 2010



Kolistin Tedavisi

* Ortalama kolistin suresi 17.9 gun

 Tedavi
-Ko
-Ko
-Ko
-Ko
-Ko

basarisi

Istin, Kolistin + Meropenem %83.3
Istin + Pip/Tazo %64.7
Istin + Amp/Sulb %75
istin + Diger %61.3
Istin = Kolistin + Meropenem

* Yuksek doz — Dusuk mortalite

Falagas ME et al. Int J Antimicrob Agents 2010



Yukleme ve Yuksek Doz: Klinik Sonuc

« 300 mg yukleme — 2x150 mg idame
. 28 atak, 18 KDE ve 10 VIP

* A.baumannii(13), K.pneumoniae(13),
P.aeruginosa(2)

* 14 monoterapi, 14 kombinasyon(AG veya
Karbapenem)

e Klinik kur: %82.1
 Akut bobrek hasari %17.8

Dalfino L et al. Clin Infect Dis 2012



Karbapenem Direncli
Acinetobacter baumannii

 Kolistin: Kombinasyon? Monoterapi?



Acinetobacter baumannii - KDE

» Kolistin kombinasyonu monoterapiye gore
-Anlamli yuksek eradikasyon
-Nisbeten yuksek sagkalim(14.gun)

« Sulbaktam ve karbapeneml
kombinasyonlar arasinda fark yok

Batirel A etal. Eur J Clin Microbiol Infect Dis 2014



Acinetobacter baumannii - Kolistin

 KDE: Kombinasyon ile monoterapi arasinda fark yok

Lopez-Cortes LE et al. J Antimicrob Chemother 2014

» KDE ve VIP: Kombinasyon ile monoterapi arasinda fark
yok

Simsek F et al. Indian J Med Microbiol 2012

» VIP: Kolistin ile kolistin + sulbaktam arasinda fark yok

Kalin G et al. Infection 2014



Acinetobacter baumannii - Kolistin

« Ciddi enfeksiyonlar: Kolistin ile kolistin +
rifampisin kombinasyonu arasinda fark yok

Durante-Mangoni E, et al. Clin Infect Dis 2013

» VIP: Kolistin ile kolistin + rifampisin
kombinasyonu arasinda fark yok

Aydemir H et al. Epidemiol Infect 2013



Meta-Analiz Sonuclari

« Kombinasyonun ustun oldugunu
destekleyen kuvvetli kanit yok

Liu Q et al. PLOS ONE 2014

» Agir enfeksiyonlarda kombinasyon tercih
edilebilir
Poulikakos P et al. Eur J Clin Microbiol Infect Dis 2014
» VIP:Kombinasyon monoterapiden Ustin
deqil

Gu W-J et al. Int J Antimicrob Agents 2014
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Review
Intravenous colistin combination antimicrobial treatment vs.
monotherapy: a systematic review and meta-analysis £

Konstantinos Z. Vardakas **, Andreas D. Mavroudis , Maria Georgiou ?,
Matthew E. Falagas *™%*

1 Alfa Institute of Biomedical Sciences, Athens, Greece

b Department of Medicine, Henry Dunant Hospital Centre, Athens, Greece

= Hellenic Police Health Headquarters, Athens, Greece

d Department of Medicine, Tufts University School of Medicine. Boston, MA, USA



Kolistin
Monoterapi - Kombinasyon

32 calismanin meta-analizi

29 gozlemsel ve 3 randomize

2328 hasta

Acinetobacter baumannii ve Klebsiella pneumoniae
Kombinasyon ile mortalite azalmiyor

Yuksek doz(>6 MU) kolistin ile kombinasyonda
daha az mortalite

Asya’daki calismalarda kombinasyon ile daha az

mortalite
Vardakas KZ et al. Int J Antimicrob Agents 2018



Kolistin
Monoterapi - Kombinasyon

« Bakteriyemilerde kombinasyonda mortalite daha

az
* Acinetobacter spp. infeksiyonlarinda mortalite

daha az

Vardakas KZ et al. Int J Antimicrob Agents 2018
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Combination Maonotherapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewents Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
1.1.1 Retrospactive
Aydemir ef al, 2013 13 21 16 22 5.9% 0,85 [D.86, 1.30) S
Batirel et al 2014 112 214 26 G 140% 0.72 [D.57, 0.892] -
Capone et al 2013 12 ar 4 1 1.4% 0.89 [0.36, 2.21) -
Chuang et al 2014 T 15 52 104 3.4% 0.93 [0.53, 1.686] S
Daikos at al. 2008 1] B L] 15 0.2% 0.20 (0.1, 327 4
Daikas al al. 2074 11 ] 12 22 2.9% 0.52 [D.24, 0.97] e —
Duranle-Mangani <1 al 2093 45 104 45 105 9.7% 1.01 (074, 1.38)] —_—
Falagas of al 2009 i 218 i a6 4.1% 147 (D649, 1.58] - 1
Falagas ot al. 2008 T 16 1 4 0.4% 1.76 0249, 10.44] - ¥
Gamacho-Montaro ot al 2013 14 28 14 28 4.0 0.97 (057, 1.64] -
Hemadez-Tomes at al. 2011 5 20 2 & 0.8% 0,50 [0.14,1.73) -
Jang &l al 2003 11 18 14 22 4.5% 0.91 [D.55, 1.50] i E—
Konlopidou al al, 2013 13 31 12 26 3.3% 0.91 [D.51, 1.63] e
Kol al2012 Fi 19 26 71 2.8% 1.01 [D.52, 1.85] I
Lim af al 2011 5 1" [H 20 1.4% 1.62 [D.60, 3.84]
Lopaz-Cortes af al 2014 4 23 12 a6 1.2% D67 (D24 1.84] v
Mouloudi et al. 2010 11 18 18 a5 A 6% 119 (0,73, 1.84] 1
MWavarro et al. 2012 10 17 a 1 0.2% 2331021, 26.58] - 4
Ozvatan at al. 2015 50 1] 3 -] 1.8% 1.12 [D.49, 2.55]
Pagadirmilriou «f al. 2014 3 17 1 2 D.4% 0,36 (D08 1.848]) +
Parcham ol al. 2016 19 41 Fal 49 5.1% 1.08 0638 1.73] L
Patrosillo of al 2014 5 108 17 i1l 4.6% 1.20[0.74 1.84] -1
Fintado at al 2008 15 52 1 a 0.3% 2.31 035, 15.16] i ¥
Porwal at al 2014 13 28 a 12 3.5% 06T (D38, 1.19) L —
Samonis el al. 2014 4 r 3 8 1.0% 1.52 [D.51, 4.58)
Simaak al al 2012 10 31 10 20 2.6% 0.65 [0.33, 1.28) -
Sirffatuphat «f al 2014 22 47 a7 ar B.7% 0,81 D85, 1.27) —
Souli ol al 2008 8 12 1 2 0.6% 1.33 [0.32, 5.64]
Tumbarzllo i al 2012 T4 51 il 22 3% 0.65 (030, 1.07] |
‘Vardakas et al. 2014 i1 ar £ 18 2.7% 1.76 (091, 3.348) T -
Yimaz et al 2015 30 53 r 17 3.0% 1.37 [0.74, 2.54) -1 -
Farkolou et al. 2011 4] 14 4 T 0.2% 0.06 [D.00, 0.87] 4
Subtotal [95% CI) 1444 B84 100.0% 0.1 [0.az, 1.02] »
Tolal svants 614 395
Helerogeneity: Tau® = 0.01; Chi* = 3368, df = 31 (P =034 F = 8%
Test for overall effect: £ =163 (P =010}
Total (95% CI) 1444 B84 100.0% 0.91 [0.82, 1.02] -»
Tolal evants 614 395
Helerageneity: Tau® = 0.07; Chi" = 3368, dl = 31 (P = 0,38}, F = 8% -Cl:2 I:I:b Iﬁ =I|

Tas! for overal “"m_;t' Z=183(P=0 1_E|] Favours combination  Favours monatherapy

Test for subgroup differences: Mot applicable
Fig. . Forest plot depicting the risk ratios of mortality among patients treated with intravenous colistin in combination with other antibiotics vs intravenous colistin monotherapy.
Vertical line, ‘no diference’ point between the two regimens; sguares, risk ratios; diamonds, pooled risk ratios for all studies; horizontal lines, 95% confidence intervals
{1). The area of each square is proportional to the weight given to the study. Risk ratios are indicated by the centre of each square. M-H, Mantel-Haenszel.
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Combination Menotherapy Risk Ratic Risk Ratic
Study orf Subgroup Events  Total Ewenls  Tolal Weight  M-H. Random, 95% CI M-H. Random, 85% CI
1.5.1 high-dose
Aydemir et al. 2013 13 21 16 22 12.9% 0.85 [0.56.1.2340) =
Batirel et al 2014 112 214 26 36 40.1% 0.72 [0.57, 0.52) —
Dalkos et al. 2014 1 38 12 22 5.8% 0.52 [D.238, 0.57] e
Falagas &l al 2009 25 oz &5 13 3.9% 0.71 [D.33, 1.52] e E—
GZamacho-Monlera ef al 2093 14 28 14 28 B.3% 0.97 [0.57.1.64] . B
Kontopidou et al. 2013 13 n 12 26 E.7% 0.91 [0.51, 1.63)] -
Sinjatuphat et al 2014 22 47 27 47 15.0% .81 [0.551.21) — &
Souli et al. 2008 a8 12 1 2 1.1% 1.33 [0.32, 5.64)
Yimaz et &l 2015 30 53 T 17 B.1% 1.37 [D.74, 2.54] 1
Subtotal (85% CI) 538 A3 100.0% 080 [0.69, 0.93] -
Talal wwants 248 120
Hetaroganeity: Tau® = 0.00; Chi* = 6.92, df = & (P = 085 P = 0%
Tast for ovarall effect: Z = 2.84 (P = 0.005)
1.5.2 low-dosa
Chuang al al 2014 T 15 52 104  10.6% 0.93 [D0.53, 1.858] —_— 5
Durarla-Mangani ol al 2013 45 104 45 106 35.8% 1.01 0,74, 1.348] ——
Falagas «t al 2008 52 125 5 1 5.5% 1.75[0.79, 3.88] -
Orvatan at al. 2015 50 Ba 3 6 5.2% 1.12 [0.458, 2.55) N
Parchem et al. 2016 1% 41 | 49 16.4% 1.08 (068 1.72) .
Petrosillo et &l 2014 <] 105 17 61 14.8% 1.20 [0.74, 1.84] I
Prilado al al 20038 15 82 1 a8 1.0% 2.31[0.35,15.18]
Poraal el al 2014 13 28 a 12 10.8% 0,67 [D.38,1.19] —_—
Subtotal [(85% CI) 560 366 100.0% 1.04 [0.86, 1.25] k.
Tatal evants 235 152
Hetarogeneity: Tau® = 0.00; Chi* = 538, df = ¥ (P = 081 P = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
1.5.3 unknown dose
Capone et al 2013 12 v 4 11 E.1% D.89 038 2.21] I
Diaikas at al. 2008 4 ] 4 15 0.8% J.200001. 327 ¢ -
Falagas etal 2008 ¥ 16 1 4 1.8% 1.75 (0,29, 10.44)
Hemadez-Tomas at al. 2011 = 20 2 4 3.6% 0.50 094 1.73]
Jang el al 2003 1 19 14 22 14.0% 0.91 [D.55, 1.50] —
Ko el 2012 T 14 268 T 0.8% 1.01 [D,52, 1.95] . E——
Lim ef al 2011 5 1 5] 20 5.9% 1.52 (D60, 3.04] [ I
Lopaz-Cortas af al 2014 4 23 12 46 5.1% D67 (0,24 1.84] L
Moulowdi et al. 2010 11 18 18 35 14.3% 1.9 0,73, 1.54) I
MWavama et al. 2012 10 7 L1} 1 1.0% 2.33 0.2, 26.548] b
Pagadirmilriou & al. 2014 3 17 1 2 2.0% 0.35 [D.0&, 1.54]
Bamonis ol al, 2014 4 T 3 B8 4,49 1.52 [D.51, 4.58] I
Simsak el al 2012 0 3 10 20 89.6% D65 0,33 1.8 —
Tumbarallo at al 2012 14 51 11 22 109% 0.55 0,30 1.01) e
Wardakss et al. 2014 26 ar 2] 15 10.0% 1.76 [0.91, 3.348) T ™
Larkoiou et al. 2011 1] 14 4 ) 0.8% 0.06 [0.00, 087 *
Subtotal [95% €I} 345 303 100.0% 0.92 [0.72, 1.18] -
Talal events 139 122
Heleroganaity: Taw? = 005, Ch? = 1817, di =15 (P=021} F = 2%
Tast for overall effect: £ = 067 (P = 0.50)

01 0.2 0.5 2 5 10

Favaurs combination  Favours monalherapy
Tes! for subgroup differences: Chif =4 45 df=2 (P=0,11), I" = 55.0%

Fig. 3. Forest plot depicting the risk ratios of mortality among patients treated with intravenous colistin in combination with other antibiotics vs. intravenous colistin monotherapy
according to colistin dose. Vertical line, ‘no difference” point between the two regimens; squares, risk ratios; diamonds, pooled risk ratios for all studies; horizontal lines,
95% confidence intervals (CI). The area of each square is proportional to the weight given to the study. Risk ratios are indicated by the centre of each square. M-H, Mantel-Haenszel



Colistin alone versus colistin plus meropenem for treatment W (M)
of severe infections caused by carbapenem-resistant
Gram-negative bacteria: an open-label, randomised

controlled trial

Mical Paul, George L Daik os, Emanuele Durante-Mangoni, Dafna Yahav, Yehuda Carmeli, Yael Dishon Benattar, Anna Skiada, Roberto Andini,
Noa Eliakim-Raz, Amir Nutman, Oren Zusman, Anastasia Antoniadou, Pia Clara Pafundi, Amos Adler, Yaakov Didstein, loannis Pavleas,
Rosa Zampino, Vered Daitch, Roni Bitterman, Hiba Zayyad FidiKoppel InbarLevi, Tanya Babich, LenaE Friberg, Johan W Mouton,

Ursula Theuretzbacher, Leonard Leibovici

Summary
Background Colistin—carbapenem combinations are svnergistic in vitro against carbapenem-resistant Gram-negative Lancet Infect Dis 2018
bacteria. We aimed to test whether combination therapy improves clinical outcomes for adults with infections caused  pubished Online

by carbapenem-resistant or carbapenemase-producing Gram-negative bacteria. February 15, 2018
hittp febe doi org/ 10, 1016/



Kolistin

Monoterapi - Kombinasyon
* Acik etiketli, randomize, kontrollu

Karbapenem direncli GNB

Eriskin hastalar

Bakteriyemi, VIP, HGP, Urosepsis
406 hasta

%87(355/406) pnomoni veya
bakteriyemi

%77(312/406) A baumannii

Paul M et al. Lancet Infect Dis 2018



Kolistin

Monoterapi - Kombinasyon

* Tedavi basarisi
-Yasamda kalma
-Hemodinamik stabilite
-SOFA skorunun stabil kalmasi ya da
lyilesmesi
-Pa02/FiO2 oraninin stabil kalmasi ya
da iyilesmesi(pnomonide)
-Mikrobiyolojik kur(bakteriyemide)
 Klinik basarisizlik: Tum basari kriterlerinde
bulusulamamasi(14. gunde)



Colistin Colistin and meropenem
(n=198) (n=208)
(Continued from previous page)
Appropriate empirical antibiotic treatment 106 (54%) 103 (50%)
within 2 days*
48-h mortality 12 (6%) 15 (7%)
Modification of assigned regimen in first 17 (9%) 8 (4%)
Sdays
Receipt of additional antimicrobials permitted by protocol
Glycopeptide or daptomycin 29 (15%) 22 (11%)
Other antibacterialt 14 (7%) 11 (5%)
Antifungal 4(2%) 5 (2%)

Total cumulative colistin for patients alive
onday 14 (million units)

99.0 (72.0-135.0), n=134

Receipt of nephrotodic medications during
treatment £

87 (44%)

106-5 (72-5-153-0), n=138

94 (45%)

Data are mean (500, n (%) or median (JR). n valves indicated for outcomes assessed only for survivors, or if patient
data are missing. BMI=body- mass index. S0FA=5eguential Organ Failure Assessment. *Covering treatment given in
the first 48 h of infection, before reporting of final culture results. 10ther antibacterials include penicillins, linezolid,
cefarolin, or metronidazole. #incduding non-steroidal anti-inflammiatory drugs, acidovir, gancidowir or foscamet,
divretics, angiotensin- comverting enryme inhibitors or angiotensin receptor antagonists, dcosporin, tacrolimus,

amphoteridn B, methotrexate or dsplatin.

Table1: Patient and infection characteristics

100 — Colistin
—— Colistin plus meropenem
+ Colistin censored
20 l_|—| + Colistin plus meropenem censored
E =
T 60 —_—
z =
7
L
-
2 4
104
Log-rank p=0-66
o T T T T T 1
0 4 é 12 16 20 4 28
Number at risk Time after randomisation (days)
Colistin 1497 75 149 138 132 124 118 m
Colistin-meropenem 207 174 153 144 136 1y 118 116

Figure 2: Survival analysis to day 28 after randomisation




Colistin Colistin and meropenem  pvalue
{n=198) {n=208)

Adverse event requiring F(2%) 4 (2% 100
treatment discontinuation
Creatinine onday 7, mg/dL 1-30 (0-68-2-15), n=161 112 (3:56-2-40), n=162 0258
RIFLE score day 14 compared n=124 n=125 0-001+
with randomisation®

Mone 64 [52%) 89 (71%)

Risk 20 (16%) 18 (14%)

Injury 17 (14%) 7 (6%)

Failure 21 (17%) 10 (%)

Loss 2 (2%) 1(1%)
Creatinine cnday 14, mg/dL 1-45 (0-B0-2-60), n=124 1-08 (0-56-1-98), n=162  O-007
RIFLE score day 28 compared n=77 n=88 0-075+%
with randomisation®

Mone S0 (B5%) 70 (BO%)

Injury 5 (6% 5 (6%)

Failure 12 (16%) 4 (4%

Loss 10(13%) 8 (9%)

End-stage kidney disease 0 1{1%)
Creatinine cn day 28, mg/dL 113 (3-651-87), n=75 1-00 (0-60-1.84), n=82 0-544
Diarrhoea 32 (16%) 56 (37%) 0-009
ostridium difficile infection 2 (1%) & (3%) 0-174
Seizures 6(3%) 5 (2%) 0-698

Data are n (%) or median (IQ8). nwvalues indicated for owtoomes assessed only for survivors or in a specific patient
subgroup, or if patient data are missing. *Among patients not on haemodialysis at rndomisation, alive with renal

function tests availablie. fp fior trend.

Table 3: Adverse events




Colistin Colistin Risk ratio (35% Q)  pwvalue
and meropensm for outcomewith
combination
Per protocol population®
n 169 185
Clinical failure 129 (76%) 131 (71%) 0-92 (0-B2-1.05) 0220
2B-day mortality 69 (41%) 75 (41%) 0-97 (07 6-1-25) 0-840
14-day mortality 48 (28%) 53 (29%) 1.00 (072-139) 0992
Inappropriate empirical antibiotic treatment+
n g2 105
Clinical failure 74 (B0%) 76 (72%) 0-91 (07 8-1.07) 0254
28-day mortality 40 (43%) 44 [42%) 0-98 (D71-1-36) 0-910
14-day mortality 34 (37%) 28 (27%) 074 (0-45-113) 0166
Bloodstream infection, ventilator-associated pneumonia, or hospital-acquired pnevmaonia
n 173 182 -
Clinical failure 141 (82%) 133 (73%) 0-3 (0-5-1-004) 0059
28-day mortality 77 (45%) 81(45%) 0-99 (DF3-1-25) 0931
14-day mortality 55 (328%) 60 (33%) 1.04 (078-1.38) 0-804
Main pathogen
n 198 208
Clinical failure
Acinetobacterbaumannii 125 (B3%), n=151 130 (81%), n=161 0-97 (0-B7-1-09) 0643
Enterobacteriaceaet 23 (68%), n=34 18 (46%), n=39 0-78 (0-54-1-13) 0185
Pseudomonas B (62%), n=13 4 (50%), n=8 0-81(0-36-1-84) 0673
or athers§
2B-day mortality
A baumannii 70(46%), n=151  B4(52%),n=161  111(0-E7-1-41) 0-404
Enterobacteriaceae 12 (35%), n=34 B (21%), n=39 0-52 (0-2%-1.36) 0235
Pseudomonas or others 431, =13 2 (25%), n=8 0-81 (0-19-3-47) 1.0
14-day mortality
& baumannii 54(36%), n=151  62(39%), n=161  1-11(0-B2-1.52) 0495
Enterobacteriaceae 6 (18%), n=34 6 (15%), n=39 0-90 (-32-2-51) 0-838
Pseudomonas or others 4 (31%), n=13 2 (25%), n=8 0-81 (0-19-3-47) 1.0

n values indicated for outcomes assessed in a spedific patient subgroup. *Surviving 48 h and no modification in the
first § days after randomisation. Mo cowvering treatment until day 3 after culture taken. Appropriate empirical
antibiotic treatment consisted of colistin in all but nine patients who received aminoghcosides (three patients),

co- trimoxarole. tigecy dine, ampidillin-sulbactam, minocycline. gentamicin plus dhloramphenicol and gentamidn plus
tigecydine (ome patient each). # Includes polymicrobial infections inwhich at least one of the carbapenem-resistant
Gram-negative bacteria were Enterobacteriaceas; 66 of 72 patients had KMebsialla pnevmanios infections. Sincudes
Psevdomonas aervginosa and A bavmannd polymicrobial infections; 19 of 21 patients had P aervginesa infections.
Unstratified analysis due to small numbsers.

Table 4: Subgroup analyses




Kolistin
Monoterapi - Kombinasyon

* A baumannii igin tedavi kollarinda fark yok
« Kombinasyon kolunda daha fazla diyare

« Kombinasyon kolunda daha az hafif
bobrek yetmezligi






VIP: Kolistin — Inhalasyon?



Kolistin - Inhalasyon Tedavisi

2005-2008, CID VIP tedavisi
Retrospektif, vaka-kontrol

Kolistin(43) ile kolistin + inhale kolistin(43)
karsilastiriimasi

Sadece kolistine duyarli A.baumannii, P.
aeruginosa ve K. pneumoniae

E test, <2 mg/L duyarl
Kolistin 3x3 MIU intravenoz
Aerosol 2x1 MIU

Kofteridis DP et al. Clin Infect Dis 2010



Kolistin - Inhalasyon Tedauvisi

66/86 A. baumanni
Kolistin (IV) ortanca suresi 10(4-36) gun

Kolistin(Aerosol + V) ortanca suresi 13 (5-
56) gun

Bakteriyolojik eradikasyon oranlari
arasinda fark yok

Klinik basari ve mortalite acisindan
anlamli fark yok

Kofteridis DP et al. Clin Infect Dis 2010



Kolistin - Inhalasyon Tedavisi

2005-2007, Atina
121 VIP (92 olguda etken A. baumannii)

78 hasta(lV + inhalasyon), 18’inde etkili
3.antibiyotik

43 hasta sadece |V almis

Klinik 1yilesme
-IV + inhalasyon 62/78(%79.5)
iV 26/43(%60.5),p=0.025

Korbilla IP et al. Clin Microbiol Infect 2010



Kolistin - Inhalasyon Tedauvisi

* Ayni anda baska bir antibiyotik almayan grup
-IV + inhalasyon 46/60(%76.7)
-V 22/38(%57.9),p=0.049

* Hastane ici mortalite
-IV + inhalasyon  31/78(%39.7)
-V 19/43(%44.2),p=0.69

» Cok degiskenli analizde mortalite icin risk
fak.
-Yuksek APACHE Il skoru
-Malignite
-Dusuk IV kolistin/gun

Korbilla IP et al Clin Microbiol Infect 2010



Kolistin - Inhalasyon Tedavisi

29 hasta |V + inhalasyon
16 hasta IV

IV olarak dozlar farkl
-15 hasta 4x2.5 mg/kg
-20 hasta 2x2.5 mg/kg
-10 hasta dusuk doz(CICr)

Yuksek doz ve inhalasyon yararli
bulunmamis

Kalin G et al. J Infect Chemother 2012



Kolistin - Inhalasyon Tedavisi
Meta-Analiz

* 16 calisma

* Aerosol + |V kolistin=anlamli olarak klinik
yanit artisi saghyor(OR, 1.57; 95% ClI,
1.14-2.15; p=0.000) fakat kanitin kalitesi
cok dusuk

* Mikrobiyolojik eradikasyonda anlamli artis
sagliyor(OR, 1.61; 95% CI, 1.11-2.35;
p=0.01) fakat kanitin kalitesi dusuk

Valachis A et al. Crit Care Med 2015
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Review
Intravenous combined with aerosolised polymyxin versus @ N
intravenous polymyxin alone in the treatment of pneumonia caused
by multidrug-resistant pathogens: a systematic review and
meta-analysis
Dong Liu?, Jing Zhang®, Hai-Xia Liu?, Ying-Gang Zhu?, Jie-Ming Qu *-%*
2 Department of Pulmonary Medicine, Huadong H ospital, Shanghai Medical College. Fudan University, Shanghai, China
b Department of Pulmonary Medicine, Zhongshan Hospital, Shanghai Medical College, Fudan University, Shanghai, China
© Ruijin Hospital, Shanghai Jicotong University, School of Medicine, Shanghai, China
ARTICLE INFO ABSTRACT
Article history: Colistin has been used to treat nosocomial pneumonia {(NP) caused by multidrug-resistant (MDR)
Received 13 August 2015 Gram-negative bacteria (GNB) via different administration routes. Whether patients may benefit from
Accepted 28 September 2015 aerosolised colistin as adjunctive treatment was contradictory. We aimed to clarify the safety and effi-
cacy of administering aerosolised and intravenous (IV-AS) colistin versus intravenous (IV') colistin alone
Keywords: o in patients with NP caused by MDR-GNB. Two reviewers independently evaluated and extracted data
Aerosolised colistin from PubMed, EMBASE and Cochrane databases. Primary outcomes were clinical response rate, all-

Adjuvant _thera]:r}r : cause mortality (ICU or hospital), microbiological eradication and nephrotoxicity. Pooled odds ratios
Mosocomial pneumonia

Multidrug-resistant Gram-negative (ORs) were calculated and significance was determined by the £ test. Nine eligible studies involving

hacteria 672 participants were included. The overall clinical response rate (improvement and cure) was sig-

Meta-analysis nificantly higher in the IV-AS group than that in the IV group [OR=1.81, 95% confidence interval (CI}
1.30-2.53; P=0.0005]. Patients treated with IV-AS colistin showed a higher rate of pathogen eradication
(OR=1.66,95% C1 1.11-2.49; P=0.01) and lower all-cause mortality compared with IV colistin (OR=0.59,
95% C10.50-0.95; P=0.02). Nephrotoxicity did not differ significantly between IV-AS and IV groups (five
studies; 383 patients) (OR=1.11, 95% ClI 0.69-1.80; P=0.67). These data indicate that IV-AS colistin has
additional benefits compared with I'V colistin alone. Clinicians should be encouraged to give combined
administration routes in critically ill patients with NP caused by MDR-GMNB.

Intraven6z kolistine ek olarak aerosol olarak verilmesi yararhdir



Russell er al BMC Pulmonary Medicine (2016) 16:40
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The use of inhaled antibiotic therapy in the @ o
treatment of ventilator-associated

pneumonia and tracheobronchitis: a

systematic review

Christopher J. Russell’? (@, Mark S. Shiroishi’, Elizabeth Siantz®, Brian W. Wu™ and Cecilia M. Patino”

Abstract

Background: Ventilator-associated respiratory infections (tracheobronchitis, pneumonia) contribute
significant morbidity and mortality to adults receiving care in intensive care units (KCU). Administration

of broad-spectrum intravenous antibiotics, the current standard of care, may have systemic adwverse effects.
lhe efficacy of aerosolized antibiotics for treatment of ventilator-associated respiratory infections remains
unclear. Our objective was to conduct a systematic review of the efficacy of aerosolized antibiotics in the
treatment of ventilator-associated pneumonia (VAP) and tracheobronchitis (WAT), using the Cochrane
Collaboration guidelines.

Methods: We conducted a search of three databases (PubMed, Web of Knowledge and the Cochrane
Collaboration) for randomized, controlled trials studying the use of nebulized antibiotics in VAP and

VAT that measured clinical cure (e.g., change in Clinical Pulmonary Infection Score) as an outcome
measurement. We augmented the electronic searches with hand searches of the references for any
narrative review articles as well as any article included in the systematic review. Included studies were
examined for risk of bias using the Cochrane Handbook's “Risk of Bias® assessment tool

Results: 5ix studies met full inclusion criteria. For the systemic review's primary outcome (clinical cure),
two studies found clinically and statistically significant improvements in measures of WAP cure while four
found no statistically significant difference in measurements of cure. Mo studies found inferiority of
aerosolized antibiotics. The included studies had various degrees of biases, particularly in the performance
and detection bias domains. Given that outcome measures of clinical cure were not uniform, we were
unable to conduct a meta-analysis.

Conclusions: There is insufficient evidence for the use of inhaled antibiotic therapy as primary or adjuvant
treatment of VAP or VAT, Additional, better-powered randomized-controlled trials are needed to assess the
efficacy of inhaled antibiotic therapy for VAP and WAT.

Keywaords: Antibiotics, Inhaled, Antibiotics, Aerosolized, Ventilator-associated pneumonia, Therapy

Aerosol olarak verilmesinin onerilmesi icin yeterli kanit yoktur
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Review

Intravenous plus inhaled versus intravenous colistin monotherapy
for lower respiratory tract infections: A systematic review and
meta-analysis

Konstantinos Z. Vardakas **, Andreas D. Mavroudis , Maria Georgiou *,
Matthew E. Falagas P4~

 Alfa Institute of Biomedical Sciences. Athens, Greece
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Kolistin: IV + Inhalasyon

13 calisma(11 retrospektif, 2 prospektif)
Veri kalitesi: Cok dusuk — Dusuk
Dozlar farkl

Dusuk doz IV kolistin(< 6 MU) verilen
calismalarda kombinasyon alanlara gore
mortalite yuksek

Vardakas KZ et al. J Infect 2018
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Fig. 2. Forest plot depicting the risk ratios (ER) of mortality among patients treated with V/INHCC and IVCM. (Vertical line = “no diference™ point between the two regimens,
Sqguares = risk ratios; Diamonds = pooled risk ratios for all studies. Horizontal lines = 95% (0. The areas of squares are proportional to the weight given o each study. Risk raotios are
the centers of each square ).



Use of nebulized antimicrobials for the treatment of respiratory infections in
invasively mechanically ventilated adults: a position paper from the European
Society of Clinical Microbiology and Infectious Diseases.

Rello J1, Solé-Lleonart C2, Rouby JJ3, Chastre J4, Blot S°, Poulakou G5, Luyt

CE3, Riera J’, Palmer LB8, Pereira JM?, Felton T19, Dhanani J!1, Bassetti M2, Welte

T13, Roberts JAL,

Overall, the panel recommends avoiding the use of nebulized antibiotics in clinical
practice, due to a weak level of evidence of their efficacy and the high potential for
underestimated risks of adverse events (particularly, respiratory complications).

Clin Microbiol Infect 2017
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| Menenijit ve Kolistin
Intraventrikiler veya Intratekal
Uygulama



Acinetobacter Meneniitl

» Intravendz uygulama sonrasi BOS
konsantrasyonlari ¢ok iyi calisiimamis

« Sadece intravenoz yol ile tedavi edilen
olgular var(3 x 3 MIU veya 4 x 1.25 mg/kQ)

» Intravendz tedavi ile basarisiz olgular da
var (2 x 2.5 MIU veya 4 x 2 MIU)

Kim Baek-Namet al. Lancet Infect Dis 2009



MSS Enfeksiyonlari

31 calisma, 60 hasta, 64 atak

Sadece polimiksin tedavisi
IntraventrikUler/intratekal 11 atak
Kombinasyon(+IV) 25 atak

Intraventrikuler/intratekal doz
Polimiksin B ve kolistin
20000-250000 U
5000-120000 IU(bebek-cocuk)

Sure 1-9 hafta

Falagas ME et al. Int J Antimicrob Agents 2007



MSS Enfeksiyonlari

* lyilesme 51/64(%80)
Eriskin 27/134(%79)
Cocuk 24/30(%80)

P.aeruginosa 27/31(%87)
A.baumannii  10/11(%91)
K.pneumoniae 5/8(%63)

* Toksisite 17/60
En yaygin meninks irritasyonu: 12
hasta



Acinetobacter Menenijiti

1990-2009,18 makale
30 hastada 32 atak (27 eriskin hasta)

Son tedavi rejimi olarak kolistin
-Sadece topikal olarak 8 hastada
-Sistemik + topikal 13 hastada

Eriskinde 1.6 mg-20 mg/gun, 3-42 gun
Cocuklarda 1-4 mg/gun

Topikal tedavi alan tum hastalarda BOS'ta
bakteri eradike edilmis

Cascio A et al. Int J Infect Dis 2010



Acinetobacter Meneniitl

Eradikasyon icin ortanca sure 4.1 gun(1-15)
%75 olguda 5.gunden once eradikasyon

5 hastada topikal uygulama ile iligkili yan
etki-3 hastada kultur negatif pleositoz
-1 hastada nonspesifik norolojik belirtiler
-1 hastada konvulsiyon(IT 8 mg)

Intraventrikller yolda intratekal yola gore
daha az yan etki

Gecikmeden topikal uygulama

Cascio A et al. Int J Infect Dis 2010



IDSA Onerileri

* 10 mg/gun (intraventrikuler)
* V-P sant oncesi 10-14 gun negatif kultur






KPC(+) K. pneumoniae - Tedav!

+ 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



KPC(+) K. pneumoniae - Tedav!

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

In vitro etkili 2 ilac 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



KD-K.pneumoniae

2009-2010, CM(19), Yunanistan
127 hasta(39 KIKDE, 35 VIP)

Kolistin direnci %20
Tigesiklin direncl %33
Gentamisin direnci %21
Amikasin direnci %64
14. gun mortalitesi %23.5
Klinik yanitsizlik %45.2

Kolistin alan hastalarda klinik yanit daha iyi

Kontopidou F et al. Clin Microbiol Infect 2013



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 ii et al. Int J Infect Dis 2014



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



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



Karbapenem Direncli
Klebsiella pneumoniae

« Cift Karbapenem Tedavisi
« Kolistin + Cift Karbapenem Tedavisi



KDKp

Ertapenem + Meropenem

2015 yilina kadar olgu sunumlar

2015 yilindan itibaren retrospektif olgu
seriler

Uriner sistem enfeksiyonlari
Karbapenemaz tipi(KPC)
Kurtarma tedavisl

Kolistine direnc varsa ya da kolistin
nefrotoksisitesi

Kolistin + cift karbapenem daha etkili




NDM-1(+) KDKp

» Kolistin + Fosfomisin cok nadir olarak sinerjik
» Kolistin + Tigesiklin cok nadir olarak sinerjik

Bercot B etal. J Antimicrob Chemother 2011



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



Journal of
J Antimicrob Chemother 2017; 72: 1985-1990 ARtImIcF‘ObIUI
doi:10.1093/jac/dkx070 Advance Access publication 21 April 2017 Chemot erapy

Pharmacodynamics of colistin and fosfomycin: a ‘treasure trove’
combination combats KPC-producing Klebsiella pneumoniae

Miao Zhao'-2t, Zackery P. Bulmant, Justin R. Lenhard?, Michael J. Satlin?, Barry N. Kreiswirth® Thomas J. Walsh?,
Amanda Marrocco?, Phillip J. Bergen®, Roger L. Nation®, Jian Li®, Jing Zhang?$ and Brian T. Tsuji'*$

1} aboratory for Antimicrobial Pharmaocodynarnics, School of Pharmacy and Pharmaceutical Sciences, University at Buffalo, Buffalo, NY,
UsA; 2Institute of Antibiotics, Huashan Hospital, Fudan University & Key Laboratory of Clinical Pharmacology of Antibiotics, National
Health and Farnily Planning Commission, Shanghai, China; 2 Weill Cornell Medicine, Cornell University, New York, NY, USA; “Public
Health Research Institute, Newark, NJ, USA; “Monash Institute of Pharmaceutical Sciences, Monash University, Melbourne, Australio

*Corresponding author. Tel: +1-716-881-7543; Fax: +1-716-849-6890; E-mail: btsuji@buffalo.edu
FThese authors contributed equally.
floint senior authors.

Received & July 2016; returned 7 September 2016; revised 25 January 201 7; accepted 12 February 2017

Objectives: KPC-producing Klebsiella pneurnonioe are an emerging public health problerm around the globe. We
defined the combinatorial pharmacodynamics and ability to suppress resistance of two ‘old’ antibiotics, fosfo-
rmycin and colistin, in time-kill experiments and hollow-fibre infection models (HFIM}).

Methods: Two KPC-2-producing K. pneumonioe isolateswere used: one susceptible to both colistin and fosformy-
cin (KPC 98: MIC _gjistin 0.25 ma/L and MICtesformycn =8 ma/L) and the other resistant to colistin and susceptible to
fosformycin (KPC 58: MIC qyimin 64 mafl and MICe, .fomyein 32 mMagil). Time-kill experiments assessed an array of co-
listin and fosfomycin concentrations against both isolates. Colistin and fosfomycin pharmaocokinetics from critic-
ally ill patients were simulated in the HFIM to define the pharmacodynamic activity of hurmaonized regimens over
S days against KPC 94,

Results: In time-kill experiments, synergy was demonstrated for all colistind/fosformycin combinations containing
=8 mg/L fosformycin against the double-susceptible KPC strain, 94, Synergy versus KPC strain SA was only
achieved at the highest concentrations of colistin (4 mo/L) and fosfomycin (512 mag/L) at 48 h. In the HFIM, colis-
tin or fosformycin monotherapies resulted in rapid proliferation of resistant subpopulations; KPC 94 regrew by
24 h. Incontrast to the monotherapies, the colistin/fosformycin combination resulted in arapid 6.15 logqo cfu/mL
reduction of KPC 94 by 6 h and complete suppression of resistant subpopulations until 120 h.

Conclusions: Colistin and fosfomycn may represent an important treatment option for KPC-producing
K. pneurnonioe otherwise resistant to traditional antibiotics.

Kolistin + Fosfomisin Sinerjik
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In vitro activity of fosfomycin in combination with imipenem, meropenem, colistin
and tigecycline against OXA 48-positive Klebsiella pneumoniae strains ™ NI
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ARTICLE INTFO ABSTRACT

Article history: Carbapenem resistance due to OXA-48 enzymes in Kebsiella pneumonioe is increasing particularly in the
Received 14 November 2012 Middle Eastern and European regions. Treatment options are limited, The aim of this study was to evaluate the
Received in “-""'ii“-_"'j F‘_-‘”“ 22 February 2013 in vitro synergistic activity of fosfomycin in combination with imipenem, meropenem, colistin and tigecycline
i‘::ﬂ;"j 3n?ipr|:|2‘fr:-i 013 against OXA-48 producing K. pneumonige strains.

o Twelve carbapenem-resistant OXA-48 producing K. pneumoniae isolates were enrolled in this study. Syner-
gistic activity of fosfomycin combined with imipenem, meropenem, colistin, and tigecycline was assessed by

Keywords:

m;.mm}‘_.m chequerboard method.

Synerzy The combination of fosfomycin was synergistic with imipenem, meropenem and tigecycline with the ratios of
K. pneumoniae 4%, 33%, and 33% respectively. Whilst the combination of fosfomycin with colistin was fully antagonistic

against all of the strains, there was no statistically significant difference between the in vitro synergistic
activities of fosfomycin in combination with imipenem, meropenem and tigecycline combinations (P> 0.05).
Fosfomycin in combination with other agents can be preferred against multidrug resistant K. pneumonige strains.

© 2013 Elsevier Inc. All rights reserved.

Kolistin + Fosfomisin antagonistik



Tahle 2.

Potential Treatment Algorithm for Carbapenem-Resistant KPC-Producing Klebsiella pnewmoniae™

Empiric Treatment

Empiric Treatrment:

Infection Source Core Drugs Possible Adjunct Drugs Antimicrobial Susceptibility Directed Treatment Considerations
Bloodstream = High-dose = Aminoglycoside Men:rp-enem.-"dnnp-enem_
Meropeneam or * Tigecycline MIC =16 pg'mL continue high-dose memnmpenam)/
daripenem * Fosfomycin doarpenem
s And polymyxin B « Rifampin = PMIC =16 pa/mlL consider altemative in vitro active
Lur - Highdose e Ti li antimicrobial®
Q ig igecycline
MEropeneanm or = Aminoglycoside Polyrmyxin Bicolistin:
daoripeneam +« Fosfomycin = MIC =<2 pg/mlL continue polymy=xin Bfcolistin®
And polymyxin B = Rifampin * MIC =2 pgfmlL consider alternative in vitro active antimicrobial
Gastrointestinal/ = High-dose = Fosfomycin If both mempenemfdoripenam MIC (=16 pg/mL) and
biliary tract MErepeneam or = Rifampin polyrmyxin Bicolistin MIC (=2 pgfmL), then consider a high-dose
daripenem tigecycline-based regimen or a dual dual carbapenem-based
= And polymyxin B regimen™*
= And high-dose
tigecycline If pardmug-resistant infection, select case-reports support dual
Urine = High-dose e Colistin carbapenarmbased regimen®
MEropensam or « Aminoghcoside
daripenem Tigecycline:

And fosfomycin®
Or aminoglycoside®

= MIC <1 pg/mL consider tigecycline®
= PMIC =1 pg'mL consider altemative in vitro active antimicrobial

Fasfomycin'

= PAIC <32 pgdfml consider fosfomycin

= DPMIC =32 pg'mlL consider alternative in vitro active
antimicrobial

Arnmgw.nmslde
MIC <=2 pg/mlL (Gentamicin/ Tobamycind or <4
rmikacin} consider aminoglycoside

o MIC =2 (Gemamicin/ Tobramycind or =4 pgfmbL (Amikacind
consider alternative in vitro active antimic robial

pafmb

Abbreviations: CRE, carbapenemaesistant entencbactenaceas; KPC, KHabsialls pnaumoniaa cabapenemase; MBL, metallo-f-lactamase; MIC, minimwrm i nhilbitory
concentration; OXA, cxacillinase.

*C RE infecticns are complicated and asscciated with high monality; always consulta lecal infectious diseases expert in the management of sencus CRE infections and
ahnays base treatment on antimic robial suscept bility results. If the pathogen is suspected tobe a MBL or OXACGE, azrecnam may be a prefemed empine core dreg. |F
axreonam MIC <8 pgfml, consider continuing aztrecnam at a dose of &6 to 8 giday split into 3—4 doses that are given as 3—4 houwrs infusion. For patients who are critically
ill or with deep-seated infections, consider empiric and antibicgram-drected combinaticn thempy with 3 drogs. There are limited clinical data supporting the use of
aminoghocosides, nfampin, and fosformyycin. |If any of these drogs have in witno activity and are selected for use (especially for infections outside the unnary tract for
aminoghrcosides and fosfoamycinl, consider use in comibxination with 2 other in wvitro active drogs due the potential for the emergence of on-treatment resistance.

* Phamacokinetic data have found that high-dosed, prolonged infusion meropenerm has a high probability of target attainment up toan MIC of 16 pgfml. Howewer,
rmortality may be higher with mermopenam MICs =8 pgfmil. Strongly consider cormbyinati on therapy with moderately elevated (=4 pgfml) o elevated =8-16 pgfml)
e nopeenerm hMICs .

B May be difficult to achieve adequate plasma concentrations of polmmyxin Bicolistin with a polyryxin Bioolistin MIC of 1=2 padml.

© There are seweral challenges associated with polyrmyxin Bicolistin MIC testing (see refs. [77, 78 for mome information).

9 High-dose tigecydine should always be considerad if a igecycline-based regimen is used. If tigecycline is used as an adjunct dreg, consider the tigecycline MIC
and risks and benefits of using high dosing vs traditicnal dosing.

“ Dual carbapene m-based regimen should include high-dose meropensm or high-dose doripenem and etapenem 1 gm daily, and it may be most effective in
comibina tion with a third dreg.

T Oral fosfomycin shoud not be used for management of infections ocutside the urinary tract. Intravenocus fosfomycin is not available in the United States. See text
and Tabde 3 for mome infomation on fos formrmycin  teatrment.
2 Unnary tract infections in noncrtically ill patients may be sucocessfully treated with monotherapy with in witro actnee fosformycin or an aminoglycoside. Howeswer,

Ccomibination thempy may still be warranted due 1o the potential for the emergence of esistance. In criically il patients, strongly consider combination therapy.

Morrill HJ et al. Open Forum Infect Dis 2015



The management of multidrug-resistant
Enterobacteriaceae

Matteo Bassetti, Maddalena Peghin, and Davide Pecori

Curr Opin Infect Dis 2016, 29:583-594

Table 5. Expert opinion treatment options for Klebsiella pneumoniae carbapenemase-producing K. pneumonice. Dose
adjustment is recommended depending on renal function and antimicrobial susceptibility fests®

Meropenem 2g q 8h iv. () +  Inhaled antibiofics® + meropenem 2g  Meropenem 2g q 8hiv. (f) + Meropenem 2g q 8hiv. (f) +
tigecycline 100 mg every q 8hi.v. [f) + tigecycline 100 mg tigecycline 100mg every 12hi.v. fostomycin 4 g every 4h
12hiv. (g) + colistin 4.5 every 12h i.v. [g) + colistin 4.5 MU (g) + colistin 4.5 MU every 12h i.v. i.v. +gentamicin 3-5 mg/kg/day
MU every 12 hi.v. [h) or every 12h iv. (h) or gentamicin 3— (h) or gentamicin 3-5 mg/kg/day every 24 h iv. (i or colistin 4.5 MU
gentamicin 3-5 mg/kg/day 5mg/kg/day every 24hi.v. (i) or every 24 hiv. (i) or fosfomycin 4g every 12hiv. (h)
every 24h iv. (i) or fosfomycine 4g every 4h iv. every 4 hiv.

fostomycin 4g every 4h i.v.
Ceftazidime-avibactam 2.5g  Ceftazidime-avibactam 2.5g every Ceftazidime-avibactam 2.5g every Ceftazidime-avibactam 2.5 g every
every 8h i.v. 8hiv. 8h i.v. + metronidazole i.v. 8hiv.



Tigecycline 100 mg every 12h  Inhaled antibiotics® + colistin 4.5 MU~ Tigecycline 100mg every 12hiv. [g)  Colistin 4.5 MU every 12h iv. i} +

.i.v (g) + colistin 4.5 MU every 12h iv. (h) + tigecycline + colistin 4.5 MU every 12h iv. (h) fostomycin 4 g every 6hi.v. +/—
every 12h iv. [h) + 100 mg every 12hi.v. [g) or + gentamicin 3-5mg/kg/day trimethoprim—sulfamethoxazole
fostomycin 4g every 4h i.v. gentamicin 3 mg/kg/day every 24 h every 24 (i) 20mg/kg/day (m)
or gentamicin 3-5mg/kg/ i.v. [i) +/— rifampin 600-900 mg
every 24h iv. (i) every 24h iv.

Ceftazidime-avibactam 2.5g  Ceftazidime-avibactam 2.5g every Ceftazidime-avibactam 2.5g every Ceftazidime-avibactam 2.5 g every
every 8h iv. 8hi.v. 8h i.v. + metronidazole i.v. 8hiv.

Tigecycline 100 mg every 12hi.v.  As for BSls + inhaled antibiotics® As for BSls As for BSls
(g) + colistin 4.5 MU every
12h iwv. (h) + rifampin &00—
P00 mg every 24 h iwv.
Ertapenem 500 mg every & h iv.
[c) + meropenem 2g q 8h i.v.

Ertapenem 500 mg every & h i.v.
[c) + doripenem 500 mg every
gh i)

Ceftazidime-avibactam 2.5g every
8h iv.

(c) Ertapenem: maintenance dose with confinvous infusion (500 mg every &h in 4 h).

(i Mercpenem: loading dose (2 g in 1 h) followed by maintenance doses with centinuous infusion (2g every 8 h in & h).

(g) Tigecycline: loading dose [200mg) followed by maintenance doses with 100mg every 12 h.

(h) Celistin: loading dose [? MU) followed by maintenance doses with 4.5 MU every 12 h.

(i) Gentamicin once a day or amikacin 15-20mg/kg/day every 24h i.v.

() Doripenem: maintenance doses with doripenem 500 mg every 8h (infusion in 1h).

{m) Trimethoprim—sulfamethoxazole divided every & h.

BSI, bloodstream infection; i.v., infravenous; KPC-Kp, Klebsiella pneumoniae carbapenemase Klebsiella pneumonios; MIC, minimum inhibitory concentration; MU,
millien units.

“Antimicrobial susceptibility test. Colistin: MIC 2 mg/| or less, continue colistin; MIC mere than 2 mg/l, censider alternative in-vitre active antimicrobkial.
Tigecycline: MIC 1 mg/| or less, consider tigecycline; MIC more than 1 mg/l, consider alternative in-vitro active antimicrobial. Fosfomycin: MIC 32 mg /| or less,
consider fosfomycin; MIC more than 32 mg/|, censider alternative in-vitre active antimicrebial. Amincglycoside: MIC 2 mg/| or less for gentamicin/tcbramycin or
4 mg/| or less for amikacin, consider aminoglycoside; MIC more than 2 for gentamicin/tobramycin or more than 4 mg/| for amikacin, consider altemative in-vitro
active antimicrobial.

Binhaled antibiotic: colistin 2 ML every 8 h or tobramycin 300 mg every 12 h or amkacin 250 mg every 24 h.



Nefrotoksisite

» Eski galismalar(1962-1977)
Genellikle IM verilmis

Yuksek dozlar
%10.5-50(%20.2-%36)

* Yeni calismalar
Nefrotoksisite taniminda farkliliklar
Kolistin %14-18.6
Polimiksin B %10-14

* Doza bagimli, membran permeabilite artisi,
akut tubuler nekroz

Falagas ME et al. Critical Care 2006



Nefrotoksisite

« 2011 yilinda meta-analiz: %0-53.3
* Genellikle ilk 5-7 gun iginde
* Geriye donebilen

Javan AO et al. Eur J Clin Pharmacol 2015
Spapen H et al. Ann Intensive Care 2011



Nefrotoksisite

%48 oraninda

RIFLE skoru
Temogin F et al. Jpn J Infect Dis 2015

%40 oraninda
RIFLE skoru

Tigen ET et al. Indian J Crit Care Med 2016
%70 oraninda

RIFLE skoru
Ozkarakas H et al. Turk J Med Sci 2017



Acinetobacter baumannii, VIP(67) ve KDE(27)

Toplam Yasayanlar Olenler P degeri
(n=94) (n=65) (n=29)
Yas (vil) 51,5+17.70 51,2+19,44 51,2+17,0 >0.05
Cinsiyet (K/E) 33/61 22/43 11/18 >0.05
APACHE Il skoru 20.17+£7.99 20,82+8.08 18.67+7.71 >0.05
GCS 7.71+4.54 7.52+4.59 8.13+4.48 >0.05
APACHE 11>20 (n,%) 49 (53,26) 38 (77,6) 11 (22,4)
SOFA tedavi baslangi¢ giinii 8.27+3.57 7,80+3,44 9,34+3,69 0.023"
SOFA tedavi sonu/ 10. giin 8.51+4.21 7.27+3.82 11.15+3.83 0.001"




Kolistin dozu (MU) (ort/giin) 3.66+1.83 3,81+1,89 3,31+1,69 >0.05
Kolistin siiresi (giin) 12 (1-49) 7,71+3,98 15,50+8,13 0.001*
Renal toksisite (n) 12 5 7 0.05*
Doz modifikasyonu gereksinimi (n) 11 4 7 0.05*
Enfeksiyonun gidisi (n)

Kiir tedavi 39 37 2

Iyilesme 11 11 0

Rekiirrens 1 1 0

Indetermine 11 4 7

Basarisiz 32 12 20
Bakteriyel eradikasyon (n) 40 38 2 0.001*
Bakteriyel persistens (n) 43 24 19 0.001*

28. giin mortalitesi (n)

29 (%30,9)




Nefrotoksisite - Risk Faktorlert

Doz
Kullanim suresi
Diger nefrotoksik ajanlar

Hastaligin agirhgi-Yuksek APACHE Il
skoru

Yas

Cinsiyet

Altta yatan hastalik

Hipoalbuminemi

Hiperbilirubinemi javan Ao et al. Eur J Clin Pharmacol 2015



Norotoksisite

« Eski calismalar
Parestezi %7.3-27
Apne
Noromuskuler blok

* Yeni calismalar
Norotoksisite yok

Falagas ME et al. Critical Care 2006



Norotoksisite

Parestezi(lV:%7.3, IM:%27)
Konfuzyon

Vertigo

Ataksi

Konvulsiyon

Noromuskuler blok ve apne

Doza bagimli ve geriye donebilen

Gregoire G et al. Clin Pharmacokinetic 2017



Diger Yan Etkiler-llac Etkilesimleri

 Alerjik reaksiyonlar %2

» Inhalasyon
Bogaz agrisi
Oksurik
Bronkospazm
Goguste sikisma
« |lac Etkilesimleri
Noromuskuler blok yapan ilaglar
Aminoglikozid

Falagas ME et al. Critical Care 2006






