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Infections with Gram-negative Bacilli

E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

Asymptomatic colonisation
Wound infection / Diabetic foot
Lower urinary tract infection
SEVERITY
Upper urinary tract infection
Nosocomial pneumonia / VAP
Intra-abdominal / pelvic infection

Bacteraemia / septicaemia

Neurosurgical meningitis

Problem Organisms

Cephalosporin resistant and ESBL producing Enterobacteriaceae
— E. coli, K. pneumoniae
* CTX-M-14/15, TEM and SHV ESBL variants
* Virulent epidemic clones — E. coli ST131, K. pneumoniae ST 258
— Enterobacter, Citrobacter, Serratia spp
+ De-repressed chromosomal or plasmidic AmpC producers

Carbapenem resistant Gram-negatives
« E. coli, K. pneumoniae - KPC, OXA-48, NDM +/- ESBLs
* P aeruginosa, A. baumannii - IMP, VIM

‘XDR’ and ‘Pan-drug’ - resistant Gram-negatives
« P aeruginosa — MBLs +/- permeability and efflux lesions
* A. baumannii — OXA-23/24/58 +/- MLBLs, ESBLs, permeability and efflux lesions

Carbapenems versus alternative antibiotics for the treatment of
i iaceae producing d
p-lactamases: a systematic review and meta-analysis
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Treatment of ESBL Producing Enterobacteriaceae
Severe infections — Bacteraemia / Sepsis
Carbapenems v anything else if susceptible ?

Other B-lactams (BLI) - Cephalosporins / B-lactam/inhibitor combinations (BLICs)
Others - Quinolones / aminoglycosides / tigecycline / colistin
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Konstantinos Z. Vordakas?2, Giannoula S. Tansarii, Petros L. Refailidis2 and Matthew E. Falagasi->*
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Systematic review of 21 eligible studies favours....
Carbapenems > all other agents for definitive treatment of ESBL bacteraemia
Carbapenems > others for empirical treatment
Carbapenems = BLI and BLICs for empirical treatment

Carbapenems versus alternative antibiotics for the treatment of

B-lactamases: a systematic review and meta-analysis

Konstontings . Vordokos 2, Gamnoa S Tansarl, Petros I Refiiis® and Motthew . Flagas'

e
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Lee et al. (2010)*° ’
Paterson et a. (20( Can we trust the meta-analysis ?
Qureshietal. (201

viguez-Bano et

Heterogeneity in studies.......

Different regions of the world.
Definitive Different complement of ESBI
Differing MICs and dosing regimens.....

Tuon etal (2011)¥

BLICs probably still have a role.
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* Initiatives to improve the treatment of sepsis
* Highly active antimicrobial therapy saves
lives!

* But de-escalation also important
* Only 20 % of Gram-negative bacteraemias
de-escalated?

* Generic carbapenems remove financial  _ s
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*  Antimicrobial Stewardship.

Kumar et al Crit Care Med 2006, *Phee & Wareham ISICEM 2011
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ESBL Producers: Other Options ?

Prevalence and mechanisms of cephalosporin resistance in
Enterobacteriaceae in London and South-East England

Nicola A. . Potz"%, Russel Hope®, Marina Warner’, Alan P. Johnson' and David M. Livermore®
on behalf of the London & South East ESBL Project Group
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CTX-M-producers
Enterobacteriaceac 02
(1= 502; urine n = 395,
non-utine n = 107)

Temocillin for ESBLs?

In vitro activity of temoc
B-lactamase-produ

ainst extended spectrum
¢ Escherichia coli
*  Ticarcillin derivative
— Stable to ESBLs and AmpC
— No activity versus
Gram positives

Hector Rodrigucr-Villbobos*, Vincent Malaviok, Joll Frankard. Ricardo de Mendonsa
Clice Nonhoff snd Marc J. Struciens

or Micr B o

100 .

* Rodriguez-Villalobos 2006 "
— Breakpoint < 16 mg/L—92 % of
isolates susceptible
— Wide range of ESBLs

S0+
0+
60+
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- TEM+CTX-M
5 40F - CTX-M
* Livermore 2006 ~+TEM
— Good activity versus UK ESBL and wl SHVSCTXM
AmpC hyperproducing - - SHV+TEM

Enterobacteriaeciae - TEM#SHV4CTX-M

— Modal MIC 8 mg/L

Temocillin use in England: clinical and microbiological efficacies in
infections caused by extended-spectrum and/or derepressed AmpC
B-lac producing b iaceae

Indran Balaki d-El-Kariem?, Adnan Aali?, i, Rohil , Benny Tan€,
, David Ladenheim?, Anan Ghazy?, Imran Khan*, Nilangi Virgincar®, Shabnam Iyer®,
Stephane Carryn” and Sebastien Van de Velde”

anctocons mcosgen oxcone
Retrospective outcome study w0
*n=92-42BSI, 42 UTI, 8 VAP
*‘Clinical cure Rate’

*Overall efficacy 86 %

*No difference in efficacy v AmpC ~ °
producers L
«Significantly more effective at e peont
higher dose (2 mg 12hrly)
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Treatment of Carbapenemase Producers

What b Enter Evaluation of
chloramphenicol, ciprofloxacin, colistin, fosfomycin, minocycline, nitrofurantoin,
temocillin and tigecycline

David M.Livermore Marina Warner, Shazad Mushtaq, Michel Doumith.iancheng Zhang. Neil Woodford
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Can We Use Carbapenems ?

Carbapenemase-producing Klebsiella p
consider treating with carbapenems?

(when) might we still

G. L. Daikos' and A. Markogiannakis®
1) Fist Department of Propaedeutic Medicine, Uniersity of Athens and 2) Department of Pharmocy, Lakon General Hospital, Athers, Greece

Isolates with a meropenem MIC of < 4 mg/L
may be treatable with high dose prolonged
infusions of meropenem

 19Tiash

Probabilty (%)

o
o o5 1 5 16 %2 64 128

2 3

MiC (mg/L)
FIG. 2. Simuated targot acainmen probabiies for 50% time sbove
the MIC (S0% T > MIC) of three diferent regiments of meropenem.
T, radiconal 30min infusion; Pl prolonged 3 infsion. Adapeed
from [36]
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*Nordmann et al, 2009
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Possible Treatment Options From the Antibiogram

Most KPC producers sensitive to aminoglycosides
ST258 usually susceptible to gent — others only amikacin
16S methylases rare in these strains

Some MBL (IMP / VIM) producers sensitive to aztreonam
Mostly non-fermenters — Enterobacteria usually have co-resident ESBL ?

OXA-48 producers may be susceptible to cephalosporins
Mostly Enterobacteria and usually have co-resident ESBL ?

Most Enterobacteria and Aci b ‘sensitive’ to ti

Almost all ‘sensitive’ to polymyxins

Some NDM-1 producers resistant to all....

Tigecycline or Colistin ?

11/19/12

Experience with Tigecycline (TGC)

* Good in-vitro activity v most Carbapenem R Enterobacteria and MDRAB

« Bacteriostatic - Very low serum levels 0.8 mg/L
A review of clinical and microbiological llowing treatment
of infections involving multidrug-resistant Acinetobacter baumannii
with tigecycline

N. C. Gordon' and D. W. Wareham'->*
" Division of Infection, Barts and The London NHS Trust, London, UK: *Centre for Infectious Disease,

Insitute of Cell and Molecular Science, Barts and The London, Queen Mary's School of Medicine and Dentisiry,
London, UK

* Case series of infections involving MDRAB treated with tigecycline!
— 68 % clinical response rate
— 41 % overall mortality

— Recurrent episodes of bacteraemia with development of frank resistance
in 3 cases

Emergence of TGC resistance during TGC therapy

AdeABC-mediated efflux and tigecycline MICs for epidemic clones
of Acinetobacter baumannii

Michae! Hornsey *, Matthew J. Ellington®1, Michel Dourith?, Claire P Thomas?, Nicola C.Gordon,
David W. Warehom”, John Quinnt, Karen Lolans*, David M. Livermore? and Neil Woodford!
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Rapid emergence of resistance due to overexpression of efflux pumps

Seen with Enterobacter, Klebsiella, Serratia, ..

Emergence of AcrAB-mediated tigecycline resistance in a clinical isolate of
Enterobacter cloacae during ciprofloxacin treatment

Michael Hornsey**, Matthew J. Ellington®, Michel Doumith?, Geoff Scott®,
David M. Livermore?, Neil Woodford*

o nfectin sk ux
Universty College London Hospiial, Windeyer nstitut,London WIT F, UK

Ti i i in Serratia i with
up-regulation of the SdeXY-HasF efflux system also active
against ciprofloxacin and cefpirome

Michael Hornsey™", Matthew J. llington+, Michel Doumith’, Sue Hudson?, David M. Livermare’
‘and Neil Woodford!

London M

g and Reference Loboratry, Health Protecton Agency Centre

5E0, UK: “Gotes 5 Foundation st Queen Ezobeth Hospia,

Klebsiella i of a mixed ion of

p and ti i i during antimicrobial therapy
in a kidney transplant patient
. Rodrgues-Aval', L Rodrgues- AVl . Mering’ and ). . Picaze'™

Unersdad Complaters de Mo, Moded,2) S de Moo HospolCinco

Efficacy and safety of tigecycline: a systematic review
and meta-analysis
Dafna Yahav'?*, Adi Lador!, Mical Paul®* and Leonard Leibovici*?

Department of Medicine PetohTiquo, Isroe; 1
Ramat Avi, srael; “Unit of Infctious Diseases, Rabin Medicol Cente, Befinson Hospital, etah-Tiava, Isroel

Conclusions: In the light of the increased mortality, probably exploined by decreased clinical and microbiologi
cal efficacy, dinicians should avoid tigecycline monotherapy in the treatment of severe infections ond reserve it
as a last-resort drug

>@ A Efficacy and safety of tigecycline for the treatment of
infectious diseases: a meta-analysis
[ p————————

Interpretation Tigecycline is not better than standard antimicrobial agents for the treatment of serious infections. Our
findings show that assessment with unpublished studies is needed to make appropriate decisions about new agents.
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The Rebirth of Colistin ?

Year Vs. Publications
400

é 350

3 300

8

5 250

2 200

2 150 /\[ \

3 100 B

£ .

50 -

25 Smgm
P .
£3383385=283
digiffgiiis:

A Webber Training Teleclass
www.webbertraining.com



11/19/12
MDRGN - Treatment Options and Challenges
Dr David Wareham, Queen Mary Universitys, UK
Broadcast live from the HIS/FIS conjoint conference www.hisconference.org.uk

Colistin / Polymyxins Colistin MIC breakpoints and Susceptibility Testing

Unique Mode of Action * ‘How to carry out susceptibility testing ?’ « MIC determination highly method dependent
~ Colistin binds to — Poor diffusion in agar — compromises discs / Etests
\q' " wer momrane ‘s colistin effective?” — Poor reproducibility in broth — adhesion to glass / plastic ?
ompapoin  on — Not evaluated with automated systems — Vitek, Phoenix, MicroScan
) D ¢ s colistin safe ?’

« Breakpoints: CLSI: £ 2 mg/L, EUCAST: < 4 mg

) | )]} ] +— Outer membrane
i 0 b
* ‘How should it be adminstered ?’
* No molecular target for PCR gold standard

« Time Kill methodology as gold standard ?

Polymyxin B R = D-Phe "

Colistin R=D-Leu

Colistin is not sufficiently bactericidal versus many GNRs Heteroresistance to Colistin in Multidrug-Resistant Acinetobacter baumannii

Jian Li,** Craig R. Rayner,' Roger

Kar Eng
= CST OXA-23 clone 1 Facility for Anti-infective Drug Development and Innovation, Victorian College of Pharmacy, Monash Universit, Parkville, Vicioria,
Col MIC >256 Australia,* and Department of Microbiology and Infectious Diseases Unit, Alfred Hospital, Melboume, Victoria, Ausiralia®
12 - Control * A sub-population of bacteria recovered from growth of a ‘susceptible’
strain at colistin concentrations above breakpoint of 2mg/L!

= 10
£
2 8 * Also reported in K. pneumoniae, P. aeruginosa and Enterobacter
O
= 6 Colistin heteroresistance in o 0w
S carbapenemase-producing
2 Klebsiella pneumoniae

4
- Georgios Meletis'*, Egki Tzampaz’, Effrosyni Sianou’,

Loannis Tzavaras? and Danai Sofianou?
2
Gen
0+ T T T T
0 5 10 15 20

Time (hrs)

Regrowth after 24 — 48 hrs in time kill assays at up to 32 x MIC*

1Li, AAC 2006

ility of Multi-drug Resistant Strains of Acinetobacter baumannii Does Colistin work ?
to Colistin: A Comparison of Disk Diffusion, Agar Dilution, Etest, Broth
Microtitre Dilution, Automated and Time-kill methodologies Retrospective cohort study of 399 Acinetobacter spp bacteraemia (MDRAB n=78)

L Phee 2, Hornsey M 2, Wareham DW '2 -
Impact of carbapenem R, colistin Rx (1 mu 8 hrly)

i " - isted \TCC 7 7 ‘e
19606 type strain and 28 multi-drug resistant (MDR) [ & /, o 100 100
clinicalisolates. Pseudomonas aeruginosa ATCC 27853, —
a type strain known to exhibit COL heteroresistance, 2 -
w0 # 3 s
€. Liquid Media Solid Media 8% i 3 0 s 90
E § 3 3
g i ] a

7o i = -
ia o d H §
S s ar% 13 | el £ 801
3o i 4 &
2 &
3 &

0% 10% e W t T T T T T 1 T T T T T J
§ " SRR RS e S, & S W i by 0 § 10 15 20 25 30 5 10 15 20 25 30
: 3 BMD AGD  Etest 3 Days from onset of bacteremia Days from onset of bacteremia
MK = wiifed Time-kill MS = MicroScan Walkiway, BMD = Broth Mirctue = Carbapenem resistant —— Carbapenem susceptible —— Appropriate ~— Inappropriate
Dilution, AGD =Agar Dilution, The most sensitive method for detecting resistance
was MTK - only 3 isolates (including Acinetobacter
baumanniii (AB) type ATCC 19606) showed >3 I 78 MDRAB

reduction n colony countsat 24h

1Wareham, EJCMID 2008
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Journal of
J Antimicrcb Chemoter 2010; 65: 1019-102 Antimicrobial
01101093 oc/iq063 Aduance pubication 18 March 2010 Chemotherapy Is Colistin safe ? =
of polymyxins: a systematic review of the evidence from
Effectiveness and safety of colistin: prospective comparative ::ﬁ:: S,Li‘;,’f?f_‘::";;ﬁ Kasiakou!
cohort study «  Nephrotoxicty ?
Mical Paul 12, . Michal Chowers 2>,  ierre Singer 4, Conclusion New evidence shows that polymyxins have less
Shaul Lev?, Perla Leon’, Maria Raskin' %, Dafna Yahav* and Leonard Letbovici toxicity than previously reported. The avoidance of concurrent

administration of nephrotoxic and/or neurotoxic drugs, careful
dosing, as well as more meticulous management of fluid and

some of the reasons for the discrepancy between data reported
in the old and recent literature.

@ ® n
2 H Nephrotoxicity Associated .
H 5 with Intravenous Colistin o
3 5 (Colistimethate Sodium) Treatment
E § at a Tertiary Care Medical Center
ool .
& b 7 & e 7k 0 T % G % % & Jsh . Moy Rt e Jle e bl o
Totowup days Folow-up doys St Gt it Pchoo? Wtk Vet
Numbert sk Namber ot isk o s Gl ot
TeComparaors 295 160 127 120 107 88 73 Ta-Comparalors 295 258 222 205 193 181 15
Teicolsin 200 86 70 5 51 43 3% Te-Colisin 200 158 126 116 110 102 9% -
5 rpardtors o N
U — e il
follow-up. 6] Three montrs of follow-up. «  Neurotoxocity
Conclusions: The need for colistin treatment is associated with poorer survival. Adjusted analyses suggest that — Neuromuscular blockade . .
colistin is less effective and more toxic than B-lactam antibiotics. ) Rare to non-existent with modern use
— Paraathesia
— Confusion / Seizures
ot : Population Pharmacokinetics of Colistin Methanesulfonate and
Colistin Dosage Recommendations " i Chiay i aen from » Mhircener
o et Study Provide Dosing Suggestions for Various
How should we administer colistin ? T o g
11 gl L o S o . St
Population Analyss of Colistin a

Colistin after Intravenous Administr
s Caused by C

and
ion in Critically 1l Patients

Negative Bacteria"

michelakis A. A 1. Tangarint

Loading dose

«  Colistin Methanesulfonate Sodium 1- 2 million units / 8 hrly ? All patients BW* (kg) / 7.5 (max 10)

3 Maintenance dose
Not on renal (Cc,/10)+2 in 2-3 doses
replacement 1% dose 24 h after loading dose
Intermittent 2 (in two doses)

? hemodialysis +30% on the day of hemodialysis after session
Continuous renal 12
replacement In 2-3 doses

20U s 4 WU ain

*1 million 1U of CMS ~ 30 mg of CBA ~ 80 mg of CMS
**Lower of ideal or actual body weight in kg

— =9 MU 20 nfuson) + 45 MU 120

T2 @hitusion) + 45 MU 128

0 2 2 36 48 60 72 84 % Garonzik SM et al. AAC 2011 (modified)

Time after first dose (hours)

Treatment Outcome of Bacteremia Due to KPC-Producing Klebsiella

Combination Treatments for MDR, XDR and PDR strains ? N - . L L X Ry
pneumoniae: Superiority of Combination Antimicrobial Regimens

Zubalr A. Qureshi* David L. Paterson,*" Brian A. Potoski,** Mary C. Kilayko,* Gabriel Sandovsky,* Emilia Sordillo,%* Bruce Polsky,*

¢ Numerous In-vitro studies of colistin containing combinations Jennifer M. Adams-Haduch? and Yohei Doi*
— Polymyxin B + imipenem + rifampicin — Synergy

Prisburgh Medcal

ustaia'and Diisin

Epidemiology Department o

— Colistin + rifampicin — Synergy

— Colistin + minocycline — Synergy TABLE 3 Definitive antimicrobial therapy and mortality in 17 patients Combination treatment superior
who received combination therapy and 19 patients who received N
— Colistin + ceftazidime — Synergy ‘monotherapy Best combinations
bolymyxin B + meropenem / rifamicin azithromycin - Synergy Defnitive weatment W) Moraliyn (0 Colistin with tigecycline
- - ‘ombination therapy 5 (44) . Yo N
Gotsin pomyn pcombinedit Colistin with carbapenems
Carbapencen 5oy 1o
. o - __— Tigecycine 1) 0
. vo studies of colistin containing combinations Huoroguinolone 1) 0
L I : Tigeeylinecombined with o
— Colistin + rifampicin — effective in mouse pneumonia and rat model Carbapenem 300) o _In conclusion, mortality associated with bacteremia due to
e e RS KPC-producing K. preurnoniae continues to be high. The use of a
Cabapenemn fooroquinolone o 1o combination therapy, in particular with either colistin-polymyxin
Atreonam-Tuorogquinclone 1o 0 Bortigecyclineand a carbapenem, seems to havea survival benefit
o Case reports Celepime-gentamicin 1) 0 in this critically ill population.
Monotherapy 196)
— Colistin + rifampicin — ‘favourable response’ Colisin-polymyxin & 7068 41y
Tigecycine s0e3 460
Curbapeaem ien 260
Gentamicin 152 o
Ampicllin-sulbactam 15 0
Fipeacli- tazobactamn 16D 10
Toul e 13082
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In-vitro ‘Synergy’

¢ Multiple methods
¢ Checkerboards / Etest / Time Kill
e ‘Synergy’ by established criteria
¢ Fractional Inhibitory concentration index <0.5
(MIC of A in combination with B / MIC A alone)
+

(MIC of B in combination with A / MIC of B alone)

¢ Susceptible Breakpoint Index (SBPI) as a better parameter ?*

(Susceptible Breakpoint of A / MIC of A in combination with B)
+
(Susceptible Breakpoint of B / MIC of B in combination with A)

e SBPI >2 = clinically relevant synergy

IMilne and Gould, JAC 2010

« Potent synergy when colistin is

¢ Vancomycin combined with

Colistin Combined with Vancomycin

OXA-23 clone 1 vanc MICs

combined with vancomycin

colistin prevents re-growth of A.
baumannii in time-kill assays!

+ colistin 0.5 x MIC

Time Kill Kinetics of Vancomycin 20 mg/L and Colistin 1 mg/L v MDRAB?

154
- Iso
-= Vanc
£ —+— Colistin
3 104 -+ Vanc/Colistin
[T
O
[=
S
5_
\'/,_’—v\'
T T 1
0 20 40 60

Time (hrs)

* Gordon & Wareham AAC 2010

Effective with other glycopeptides

’ - Nil
oy 7 = Gl
_ 4+ Coli Teic
E
2
5 o
N
100+ T T T J
] 5 0 15 2 2
Time (hours)
Telavancin , daptomycin........ But very species dependent — lack of target ?

Colistin / Glycopeptide combinations in-vivo

Galleria mellonella infection model

‘Treated’ with human mg/kg doses

1004 - AB210 + PBS
I - coL
— + TEIC
[~ — coutElc

Percent survival
@
<

20 40 60 80 100

Time (hours)

IHornsey & Wareham AAC 2011

‘How to Use Colistin Combinations: A Case... ?’

* 66 yr M admitted ITU with acute renal failure following failed TURP
« Obstructive nephropathy due to BPH — dialysis dependent

¢ 44 daysinICU
* 3 courses of antibiotics — aug / taz / imp
« Colonised with MDRAB day 27

« Discharged with Ureteric MemoKath and JJ stent —
« Urine sample cultured MDRAB

* Gradual decline in renal function over 18 months
« Urine persistently cultures MDRAB
* MemoKath changed twice — colistin 1 MU given as prophylaxis
« Dialysis dependent — MDRAB cultured X 4

A Webber Training Teleclass
www.webbertraining.com
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Antibiogram of A. baumannii OXA-23 clone 1

Amoxicillin R >256
Co-Amoxiclav R >256
Cefuroxime R >256
Gentamicin R >64
Piperacillin/Tazobactam R >256
Ciprofloxacin R >256
Ceftazidime R >256
Amikacin R >64
Aztreonam R >256
Imipenem R >32
Trimethoprim R >256
Meropenem R >32
Minocycline R >32
Sulbactam R >32
Tobramycin R >64
Tigecycline | 2
Colistin S 0.38

‘How to Use Colistin Combinations: A Case... ?’

Month 22..... Change of MemoKath urine still +ve for MDRAB
« Col MIC — MicroScan > 4, Etest 0.38, broth microtitre 16 mg/L

Decision to try colistin / glycopeptide combination therapy
« Synergy studies (checkerboards)
* Col/Teic FICI-0.062 SBPI-4.1
« Col/Vanc FICI - 0.78 SBPI-2.5

Dosing regimen optimised according to Garonzik protocol

Antimi, i Dose of drug
Day1 Day2 Day3 With each
(Loading) dialysis session
(3x/wk)
7.5mu Imuam /13 | 1muBD Imuam/13
mupm mupm
300mg BD 300mg OD 300mg OD 300mg OD

.

CFU /mL

‘How to Use Colistin Combinations: A Case... ?’

Treatment continued for 9 days

Pre-dialysis colistin trough levels — 1.3 = 3.1 mg/L
Teicoplanin trough levels — 15 — 22 mg/L
Time kill with Col 2 mg/L / Teic 20 mg/L

1012

1010

—— AB292

- AB292 + TEIC

—— AB292 + COL

—— AB292 + COL/TEIC

0 10 20 30

Time (hours)

Urine samples 2 x week for 3 weeks — negative for MDRAB

Anything New Coming ?’

New f-lactam inhibitors
« Avibactam (NXL 104) — Astra-Zeneca
¢ MK-7655 - Merck +/- imipenem
Siderophore monobactams - subvert efflux and porin lesions ?
* BAL30072 — Basilea +/- meropenem
¢ MC-1 - Pfizer
Neoglycosides
* ‘next generation’ aminoglycosides but not v 16s methylases...
*  Plazomcin (ACHN-490) - Achaogen
‘Next generation’ polymyxins
* NAB 739 — Northern Antibiotics
Lpx inhibitors — LPS biosynthesis inhibitors
*  Lpx-Cl1 - Pfizer
To be used alone or in combinations ?

Summary

Cephalosporin resistant and ESBL producing Enterobacteriaceae
— Severe infections — bacteraemia / sepsis / VAP

* Carbapenems
* Possibly BLICs or temocillin

— Other infections — based on antibiogram

* BLICs
* Nitrofurantoin
 Trimethoprim

Carbapenem resistant Gram-negatives

* Aminoglycosides if susceptible
* Colistin — (correctly dosed) +/- rifampcin
* High dose carbapenems +/- colistin

‘XDR’ and ‘Pan-drug’ — resistant Gram-negatives

 Cocktails based on MIC and in-vitro synergy studies ?
* Colistin +/- rifampicin / carbapenems / tigecycline / glycopeptides ?
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