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Challenges in the treatment of MDRO

• As attending physician
– How should I treat this patient
– How will my decision impact the next patients

• As scientist
– How can I produce evidence for decisions
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Tacconelli et al, Lancet Infect Dis 2018



Treatment of CPE: dilemas

• Should I use second line, old drugs if active?
– Colistin, fosfomycin, some aminoglycosides, tigecycline…
– Efficacy, toxicity

OR
• Should I use a new drug

– Ceftazidime-avibactam, meropenem-vaborbactam, imipenem-
relebactam, eravacycline, plazomicin…

– Cost, development of resistance

AND
• What can I do if there are simply no options…



Daikos et al, Clin Microbiol Infect 2011 Tzouvelekiset al, Clin Microbiol Revs 2012

Carbapenems for CPE?



Combination vs monotherapy for CRE - Cohort studies

• Combination not better
– Capone, CMI 2013
– De Oliveira, CMI 2015
– Satlin, AAC 2015
– Gomez-Simmonds, AAC 2016

• Combination better
– Qureshi, AAC 2012
– Tumbarello, CID 2012
– Daikos, AAC 2014
– Tofas, IJAA 2016
– Trecarichi, Am J Hematol 2016
– Machuca, AAC 2017
– Papadimitrou, EJCMID 2017

Reviewed at Rodríguez-Baño et al, Clin Microbiol Rev 2018





Score Mortality
0-8 18%
9-13 50%
14-17 80%



aOR=1.21 (0.56-2.56) p=0.62 aHR=0.56 (0.34-0.91) p=0.02
Absolute difference 14%Absolute difference -4%



Treatment of CPE with old drugs

• Carbapenems (optimized dosing) useful if MIC low enough
• Combination better in high-risk patients (pneumonia, shock)

– Test combinations in vitro if needed
– No evidence of which drug(s) or combination is better

• Optimization of dosing is critical
• Toxicity of colistin and aminoglycoside is an issue
• Some preferred drugs based on activity and source

– UTI: aminoglycosides, fosfomycin
– IAI: tigecycline



New drugs active against CPE

Drug Clinical studies Comparator Results Limitations

Ceftazidime-
avibactam

Observationals
(Van Duin, CID 2017; 
Tumbarello, CID 2019)

Colistin Lower mortalidad No randomization
Resistance 
developement*

Meropenem-
vaborbactam

TANGO-II
(Wunderink, Infect Dis
Ther 2018)

Best available
therapy

Higher cure rate Only 47 patients

Imipenem-
relebactam

RESTORE-IMI 1
(Motsch, CID 2019)

IMI + COL Superior in 
secondary
outcomes

Most cases P. 
aeruginosa

Plazomicin CARE
(ECCMID 2017)

Best available
therapy

Superior in 
secondary
outcomes

Not published

Eravacicline No studies in CPE - - -

*Mostly KPC, sometimes re-sensitization to carbapenems



Activity against beta-lactamase producers

Ambler
class

Enzyme Cefto/
TAZ

CAZ/
AVI

MER/
VAB

IMI/ 
REL

A ESBLs Yes Yes Yes Yes
KPC No Yes Yes Yes

B MBL No No No No
C AmpC Yes Yes Yes Yes
D OXA-48 No Yes No No



Isolate susceptibility High risk: combination therapy
Susceptible to a β-lactam 
(use according to susceptibility)

Backbone: CAZ-AVI, MER-VAB
Alternatives: MER (MIC ≤8 mg/L) or CAZ or ATM
Accompanying drug: COL or TIG or AG or FOS*
(CAZ-AVI or MER-VAB might not need combination)

Resistant to all β-lactams (MER >8 
mg/L), susceptible COL and another drug

Backbone: COL
Accompanying drug: TIG, AG (high risk of nephrotoxicity), FOS

Resistant to all β-lactams and colistin, 
susceptible to at least 2 drugs

Backbone: TIG or AG
Accompanying drug: TIG, AG, FOS

Pandrug-resistant or susceptible only to 
one drug

(MER + ERT) or (CAZ-AVI + ATM)
Consider: any active drug (CLO, RMP…), investigational drugs, in 
vitro testing for synergy
Low risk: monotherapy

According to susceptibility and source CAZ-AVI, MER-VAB, MER, CAZ, ATM, COL, TIG, AG

*TIG: mostly for cIAI; for HAP/VAP, consider double doce. AG: mostly for cUTI; for HAP/VAP, consider high doce and  TDM.
FOS: mostly for cUTI

Clin Microbiol Rev 2018



Clin Microbiol Rev 2018



XDR A. baumannii

• Options: 
– Colistin, tigeycline, (sulbactam), (aminoglycosides), minocycline?

• Benefits of combination treatment nuclear/controversial
– Meropenem + colistin not better than colistin

• Paul et al, Lancet Infect Dis 2018

– Other combinations
• Colistin + sulbactam?? (network meta-analysis: Kengla et al, JAC 2018)

• Future – cefiderocol?



XDR P. aeruginosa

“Classic” options: 
• Colistin, (aminoglycosides), (fosfomycin) 
New drugs
• Ceftazidime-avibactam

• Mendes et al, IJAA 2018; Stone et al, JAC 2018

• Ceftolozane-tazobactam: case series
• Munita et al, CID 2017; Haidar et al CID 2017; Xipel et al, J Glob

Antimicrob Resist 2018; Díaz-Cañestro et al, EJCMID 2018

• Imipenem-relebactam, meropenem-vaborbactam
Future
• Cefiderocol, murepavadine, cefepime-zidebactam

Horcajada et al, Clin Microbiol Rev 2019



8/58 (14%) developed R
- Mostly ST175 (OprD- and AmpC hyperproducer)
- AmpC structure mutation and acquisition of OXA-2, OXA-10

ST111  AmpC mutation; re-sensitization to carbapenems and piptaz
Boulant et al, AAC 2019
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First example: can I avoid using
carbapenems in some patients with 
Infections due to ESBL-producers? 



Antimicrob Agents Chemother 2016

N=627





• Randomised, multinational trial
• Pip-tazo (4,5 g/8h, 30 min) vs meropenem (1 g/8h, 30 min)
• Bacteremia due to ceftriaxone non-susceptible E. coli o Klebsiella spp

and susceptible to pip-tazo and meropenem
• Primary outcime: 30-day mortality
• Recruitment stopped because of higher mortality with pip-tazo
• Conclusion: pip-tazo did not demonstrate to be non-inferior



• Comments - limitations
• Disbalance in confounders (not controlled in multivariate análisis)
• Mortality unrelated to infection
• Isolates not susceptible to pip-tazo!!
• Site effect
• Piptaz administered in 30 minutos Rodríguez-Baño et al, JAMA 2019

Mortality in patiens with Charlson <2: 
pip-tazo 2/69 (2.9%), meropenem (2/76 (2.6%)

(data kindly provided by P. Harris and D. Paterson)



Microbiological mITT

MY CALCULATIONS FROM PRESENTED 
DATA excluding non-susceptible 
isolates: Mortality
- MER: 6/164 (3.6%)
- TZP: 9/150 (6.0%)
- Difference (97.5% CI) 2.4 (-3.1 – 7.8)

ECCMID 2019



Group 1: Severe infection or
non-severe + high-risk source and/or
inmunocompromised

Group 2: Non-severe, intermediate-
risk source, not immunocomprimised

Group 3: Non-severe, low-risk source, 
not immunocompromised





Second example: can I avoid the
empirical of new drugs in some

patients colonized with CPE?



Clin Infect Dis 2018

Gianella et al, CMI 2014

GIANELLA score
RISK OF INFECTION IN KPC-COLONIZED
Validation for any type of KPC infection 
AUROC: 0.92 (95% CI 0.87–0.98)

Gutiérrez-Gutiérrez et al, Mayo Clin Proc 2017

INCREMENT score
RISK OF DEATH IN CPE INFECTION
Validation for any type of KPC infection 
AUROC: 0.78 (95% CI 0.65–0.91)



• Asymptomatic carrier: decision for follow-up according to Gianella score
– <7 (low risk of infection): no intervention
– ≥7 (high risk of infection): consider decolonization with gentamicin, 

mostly if GRS ≥12 (Machuca et al, JAC 2016)

• Infection: empirical therapy according to INCREMENT and Gianella scores
– Increment <7 + Gianella <7: standard treatment
– Increment <7 + Gianella ≥7: monotherapy against KPC-Kp
– Increment ≥7: combination therapy against KPC-Kp

Clin Infect Dis 2018



Cano et al, CID 2018
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Clin Microbiol Infect 2019



Challenges for RCTs in the field…

• How specific should it be? (pathogen, mechanism of 
resistance, type of infection, type of patient)

• Pragmatism (real life) in management
• Outcomes

– Cure somehow subjective need to blind
– Mortality (not sensitive enough for some infections)

• Empirical (inclusion of non-target bacteria) or definitive
(impact of empirical therapy)?

• Funds…



Challenges for observationals in the field…

• Exposure
– Changes in treatment during the course
– Survivor bias

• Confounding
– Variables assessed
– Methods for confouding control

• Assessment for soft outcomes



How to test individualized decisions?

• Comparator?
• Ethics? 
• Predefined pathway for indivualized decisions?



Some ongoing studies at HUVM…

• Observationals
– EURECA (CRE) (≈2,000 patients)
– PROBAC (nationwide, bloodstream infections) (≈6,000 patients)

• RCT
– FOREST (fosfomycin in bacteraemic UTI)
– SIMPLIFY (de-escalation in BSI due to enterobacteria)
– NO-BACT (intervention in patients with negative blood cultures)
– Submitted for funding: ASTARTE (temocillin for BSI due to ceph-R 

enterobacteria)



Conclusions

• As attending physicians
– The big 3: CRE, XDR P. aeruginosa and A. baumannii 
– New antibiotics are probably better in some situations 

but old antibiotics are still useful in others
– If we don’t preserve the new antibiotics we will soon 

loose them
– Individualization is key for the individual patient and 

for stewardship

• As scientists
– Evaluating and performing studies is difficult…
– …but we must try



Two final recommendations (non-evidence based)

• Come to ECCMID 2020
• Participate in ESCMID activities!!
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