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Gram-negative in critically ill patients: 
Enterobaterales vs Pseudomonas aeruginosa 
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Common Gram-negative Pathogens in 
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1. Vincent et al. JAMA. 2020 Apr 21; 323(15): 1478–1487
2. Data from 71 medical centers in the US during 2012 to 2013. Sader HS et al. IJAA 2015; 46: 53-59 
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Characteristics of the pathogens in the initial blood culture 
in EUROBACT-2 and comparison with EUROBACT-1

and EPIC III studies

59,7

37,8 37,8

14,9

37,3
33,2

77,9

68,7

84,6

0

10

20

30

40

50

60

70

80

90

EPIC III EUROBACT I EUROBACT 2

KLEB CR Pseudo CR Acineto CR

Carbapenem resistance 

Vincent et al. JAMA. 2020 Apr 21; 323(15): 1478–1487
Tabah A et al. Intensive Care Med. 2023 Feb 10:1-13. 
Tabah A et al. Intensive Care Med. 2012 Dec;38(12):1930-45



Clinical impact of CRE in hematological patients  

Prospective cohort study on KP BSI in 13 Italian hematological units. 
161/278 (57.9%) of KP BSI were CR.

Mortality was significantly higher for patients
with CRKP BSI (84/161, 52.2%) than for those with 
BSI caused by CSKP (17/117, 14.5%; P<0.001)

Trecarichi EM et al. American J Haematol 2016 

Prospective cohort study on KP BSI in 13 Italian hematological units. 161/278 (57.9%) of KP BSI were CR



Summary of the effect of appropriate versus 
inappropriate therapy on mortality

CI, confidence interval; ICU, intensive care unit; UTI, urinary tract infection
Bassetti M, et al. Int J Antimicrob Agents. 2020:106184. 



Klebsiella pneumoniae:
Importance of treating it right the first time

 Primary outcome: 
Relationship between time from 
blood cultures collection to 
appropriate antibiotic therapy 
and 30-day mortality

 Result: 30-day mortality was 
45%

- Median time to appropriate 
antibiotic therapy was shorter in 
patients who survived (8/5 h [IQR 
1–36]) versus those who died (48 h 
[IQR 5–108], p=0.014)

- Ceftazidime–avibactam-containing 
regimens were associated with 
reduced risk of composite endpoint 
(30-day mortality OR nephrotoxicity) 
(HR 0.231 [95% CI: 0.071–0.745], 
p=0.014) compared to colistin-
containing regimens Falcone M, et al. Crit Care. 2020;24(1):29. 

102 patients with KPC-Kp bacteraemia hospitalised between January 2015 and
December 2018 at two academic centres in Italy 



Activity of new agents against Gram-negative pathogens. 

Grey shading: variable activity; red shading: non-activity; green shading: activity. KPC: Klebsiella pneumoniae carbapenemases; OXA: OXA-β-
lactamases; NDM: New Delhi metallo-β-lactamase.

Bassetti M et al. Eur Respir Rev. 2022 Dec 31; 31(166): 220119



Per-Pathogen Microbiologic Response at 
Test of Cure (TOC)
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% Difference: 24.0%; 
95% CI: 1.11, 43.01 

% Difference: 3.1%; 
95% CI: -10.80, 16.75 

% Difference: -2.6%; 
95% CI: -21.59, 17.14 

Kollef M et al. Lancet Infect Dis. 2019 Sep 25. pii: S1473-3099(19)30403-7
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Comparative effectiveness of ceftolozane/tazobactam vs. 
polymyxin or aminoglycoside containing regimens (Italy)

 1:2 matched case-control analysis at 9 centers in Italy 
– Patients with nosocomial pneumonia or bloodstream infections due to MDR or XDR P. aeruginosa
– A trend toward more favorable 14-day clinical cure rates with C/T (81% vs 56%, p=0.11)
– An increased prevalence of acute kidney injury (25% vs 0%, p=0.04) with colistin/aminoglycoside 

containing regimens

P=0.11

P=.72
P=0.04

Vena A et al. Clin Infect Dis 2020
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 AG, aminoglycoside; CAZ–AVI, ceftazidime-avibactam; CB, carbapenem-based; CI, 
confidence interval; COL, colistin; KPC, K. pneumonia carbapenemase; MIC, minimum 
inhibitory concentration; OR, odds ratio

Mortality rate in KPC-producing K. pneumoniae 
bacteraemia experience with CAZ–AVI

Adapted from: Shields R, et al. Antimicrob Agents Chemother. 2017;61:e00883–17.
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1.61–46.39)

N=109
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meropenem
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not provided)

Secondary 
bacteremia resulted 
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tract (13%).



Efficacy and safety of ceftazidime avibactam versus polymyxins in the 
treatment of carbapenem- resistant Enterobacteriaceae infection

 BMJ Open
 2023;13:e070491.

Yang P et al. BMJ Open 2023;13:e070491.



Meropenem-vaborbactam showed higher clinical cure rates at end of therapy 
(EOT) and test of cure (TOC)
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Meropenem-vaborbactam: TANGO II

Wunderink RG, et al. Infect Dis Ther. 2018; 



Endpoint/Statistics MV
N=32
n, (%)

Best Available 
Therapy

N=15
n, (%)

Absolute 
Percent 

Difference
(MV-BAT)

Relative
Percent 

Difference
[(MV-BAT)/BAT]

All-Cause Mortality Rate Day 28 5 (15.6) 5 (33.3) -17.7 -53.2

Subjects Censored* 27 (84.4) 10 (66.7)

Kaplan-Meier Estimate (95%CI) 15.6
(6.8 to 33.5)

33.3
(15.4 to 62.5)

TANGO II
Day 28 All-Cause Mortality 

All Infection Types (mCRE-MITT)

*Subjects whose survival status is unknown due to early termination or lost to follow up will be censored at the last day the subject was known to be alive.

Wunderink RG, et al. Infect Dis Ther. 2018; https://doi.org/10.1007/s40121-018-0214-1. 

https://doi.org/10.1007/s40121-018-0214-1


Adjusted difference, based on Miettinen and Numiren method stratified by infection site
Motsch J et al..Clin Infect Dis  Clin Infect Dis. 2020;70(9):1799-1808 (RESTORE-IMI-1)

Ou
tco

me
 (%

)
Day 28 All-cause Mortality Nephrotoxicity 

3/10
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%Adj. Difference: -17.3
90% CI: -46.4, 6.7

P = 0.002
95% CI: -69.1, -18.4

RESTORE-IMI-1: Efficacy & Safety of Imipenem-Relebactam 
(IMI-REL) in 

Patients with Imipenem-NS Infections

 RESTORE-IMI-1 is the first prospective comparative, 
randomized, double blind trial of a β-lactam/β-
lactamase inhibitor as monotherapy 
(imipenem/relebactam) compared to dose optimized 
colistin + imipenem 

– 47 patients were randomized & treated (31 IMI/REL, 16 
colistin+IMI), 31 of whom met mMITT criteria (11 
HABP/VABP, 16 cUTI, and 4 cIAI)

 29% had APACHE-II scores >15, 23% had CrCl
<60 mL/min, 35% were ≥65 yrs old.

 Qualifying baseline pathogens: P. aeruginosa 
(77%), Klebsiella spp (16%), and other 
Enterobacteriaceae (6%), with the following β-
lactamases detected: AmpC (84% of all 
qualifying isolates), ESBLs (39%), KPC (16%), 
OXA-48 (3%)

– Efficacy defined by a favorable overall response 
(survival for HABP/VABP + clinical for cIAI, + 
clinical/micro for cUTI)
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Imipenem Resistant Gram-negative Infection
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CREDIBLE-CR: similar rates at TOC by baseline 
pathogen, but higher for cefiderocol in 

Enterobacterales infectiona

BAT, best available therapy; CR, carbapenem resistant; CR Micro-ITT, carbapenem-resistant microbiological intention-to-treat 
population; TOC, test of cure.
Bassetti M, et al. Lancet Infect Dis 2020; published online Oct 12. https://doi.org/10.1016/S1473-3099(20)30796–9
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CREDIBLE-CR: all-cause mortality, Day 
28 and End of Studya

17

BAT, best available therapy.
Bassetti M, et al. Lancet Infect Dis 2020; Published online October 12, 2020 https://doi.org/10.1016/S1473-
3099(20)30796–9

Cefiderocol 
(n=101) n
(%)

BAT 
(n=49) n (%)

25 (25) 9 (18)

9 (9) 0 (0)

Up to Day 28

Timing of death

Late: Day 29 to end of study

34 (34) 9 (18)Overall mortality: end of study

aSafety population



 Study population
 124 patients  with A. baumannii 

infections
 47 (37.9%) FDC vs 77 (62.1%) CST-

containing regimens

 Risk factors for 30-day mortality
 Septic shock
 SOFA score
 Age were 
 Cefiderocol therapy (HR 0.44)

 AEs: 21.1% COL Vs 2.1%, FDC p<0.01.

46.8%
30.3%

Falcone M et al AAC. 2022



Outcomes of patients stratified by first-line therapy
* p < 0.05 vs. colistin group.

Dalfino L et al. Antibiotics (Basel) 2023 Jun 14;12(6):1048



Examples of clinical experience of ‘old-style’ vs ‘new-style’ treatment in 
CRE infections

Study Treament Mortality 

Borer et al. Infect Control Hosp Epidemiol 2009 Not known 50%

Trecarichi et al. Am J Hematol 2016 (haematol. patients) Not known 52.2%

Akova et al. Clin Microbiol Infect 2012 Inappropriate therapy 50%

Akova et al. Clin Microbiol Infect 2012 Colistin monotherapy 45%

Akova et al. Clin Microbiol Infect 2012 Combination 30%

Gutierrez-Gutierrez et al. Lancet Infect Dis 2017 Monotherapy vs combination 41% vs 35%

Shields et al. Antimicrob Agents Chemother 2017 Ceftazidime/avibactam 
(monotherapy or combination) 8%

Wunderink et al. Infect Dis Ther 2018 Meropenem/vaborbactam 15.6%

Motsch et al. Clin Infect Dis 2020 Imipenem/relabactam 9.5%

Bassetti et al. Lancet Infect Dis 2021 Cefiderocol 13.8%

OLD 





Cumulative mortality up to day 30 in patients with CR-Kp BSI and CS-
Kp BSI



30-day mortality in patients with CR-Kp BSI receiving appropriate therapy with ceftazidime-avibactam 
(cases) vs patients with CS-Kp BSI receiving appropriate therapy with other agents (controls)

Ceftazidime-avibactam 

Meropenem/pip/tazo 





CRE- ESCMID 
• For patients with severe infections due to CRE, we suggest meropenem-

vaborbactam or ceftazidime-avibactam
• For patients with severe infections due to CRE-carrying metallob-

lactamases (MBL) and/or resistant to all other antibiotics, including
ceftazidime-avibactam and meropenem-vaborbactam, we conditionally
recommend treatment with cefiderocol

• For patients with cUTI, we suggest aminoglycosides, including
plazomicin, over tigecycline

• We suggest that tigecycline not be used for BSI and HAP/VAP; if
necessary, in patients with pneumonia, clinicians may use highdose
tigecycline

Paul M et al. Clin Microb Infect 2022; 28:521



CRE- IDSA 
• Meropenem-vaborbactam, ceftazidime-avibactam, and imipenemcilastatin-

relebactam are preferred treatment options for KPC-producing infections. 
Cefiderocol is an alternative option. 

• Ceftazidime-avibactam in combination with aztreonam, or cefiderocol as 
monotherapy, are preferred treatment options for NDM and other metallo-β-
lactamaseproducing infections. 

• Ceftazidime-avibactam is the preferred treatment option for OXA-48-
likeproducing infections. Cefiderocol is an alternative treatment option.

• Polymyxin B and colistin are not suggested for the treatment of infections 
caused by CRE. Colistin can be considered as an alternative agent for 
uncomplicated CRE cystitis

Tamma PD et al. Clin Infect Dis  2023; ,428,



CR PA -ESMID

• In patients with severe infections due to DTR-CRPA, we 
suggest therapy with ceftolozane-tazobactam if active in 
vitro 

• Insufficient evidence is available for imipenem-relebactam, 
cefiderocol and ceftazidime-avibactam at this time.

Paul M et al. Clin Microb Infect 2022; 28:521



CR PA – IDSA  
• For critically ill patients or those with poor source control with P. aeruginosa 

isolates resistant to carbapenems but susceptible to traditional βlactams, use of 
a novel β-lactam agent that tests susceptible (e.g., ceftolozane-tazobactam, 
ceftazidime-avibactam, imipenem-cilastatin-relebactam) is also a reasonable 
treatment approach.

• Ceftolozane-tazobactam, ceftazidime-avibactam, and imipenemcilastatin-
relebactam are preferred options for the treatment of infections outside of the 
urinary tract caused by DTR-P. aeruginosa. 

• Cefiderocol is an alternative treatment option for infections outside of the 
urinary tract caused by DTR-P. aeruginosa.

Paul M et al. Clin Microb Infect 2022; 28:521



CR Acinetobacter baumannii

• For patients with CRAB susceptible to sulbactam and HAP/VAP, 
we suggest ampicillin-sulbactam

• For patients with CRAB resistant to sulbactam, a polymyxin or 
high-dose tigecycline can be used if active in vitro. Lacking 
evidence, we cannot recommend on the preferred antibiotic.

• We conditionally recommend against cefiderocol for the treatment 
of infections caused by CRAB 

Paul M et al. Clin Microb Infect 2022; 28:521



CR AB – IDSA  
• High-dose ampicillin-sulbactam is suggested as a component of combination 

therapy for CRAB, regardless of whether susceptibility has been 
demonstrated. 

• Cefiderocol should be limited to the treatment of CRAB infections refractory 
to other antibiotics or in cases where intolerance or resistance to other agents 
precludes their use.   When cefiderocol is used to treat CRAB infections, the 
panel suggests prescribing the agent as part of a combination regimen.

Tamma PD et al. Clin Infect Dis  2023; ,428,



Bassetti M et al. Curr Opin Infect Dis 2023, 36:609–614

 IDSA and ESCMID approaches should be viewed as complementary and
evolving, and should not preclude further revision based on accumulating
evidence on the use of novel BL and BL/BLI combinations

 a wise joint consideration of both philosophies could allow to improve adherence
to evidence based ESCMID recommendations while at the same time leaving the
door opened for the use of alternative novel agents in specific situations













Italian guidelines for management of MDR 
bacteria  

KPC OXA-48

P. aeruginosa DTR   

Teseo GF et al. Int J Antimicrob Agents 60; 2022

MBL  
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