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Effect of Relebactam on Imipenem activity Among Enterobacterales

*Enterobacterales includes the following species: E. coli, K. pneumoniae, E. cloacae, S. marcescens, K. oxytoca, K. aerogenes, C. freundii and C. koseri. 
Figure adapted from: Hilbert D, et al. ECCMID 2021; Poster #1590
Hilbert D, et al. ECCMID 2021; Poster #1590

 For imipenem-nonsusceptible isolates, the addition of relebactam increases the proportion of susceptible isolates from 0% to 48%
− This shift is largely due to relebactam inhibition of KPC, carried by ~42% of imipenem-nonsusceptible isolates
− Isolates that remain IMI/REL-nonsusceptible include those that carry genes encoding MBL (~37%) or OXA-48 enzymes (~26%)

 Among imipenem-susceptible isolates, the addition of relebactam causes a small but perceptible shift, increasing the proportion of isolates 
with MIC ≤0.5 mg/L from 90% to 96%
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Activity of Imipenem (IMI) among Enterobacterales is enhanced by Relebactam (REL)



 Inhibition of KPC by relebactam allows imipenem to reach its PBP target, leading to disruption of the bacterial cell wall and cell death
 Neither imipenem nor relebactam is subject to efflux

Relebactam Inhibits KPC: An Important Carbapenemase in Enterobacterales

Plasmid with resistance genes

Efflux pump 
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Inhibition of KPC by Relebactam in Enterobacterales

Figure adapted from: Hilbert D, et al. ECCMID 2021; Poster #1590.
Hilbert D, et al. ECCMID 2021; Poster #1590; Young K, et al. ECCMID 2020; Poster #4436; Horner C, et al. J. Antimicrob Chemother 2019;74:1940–4
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Relebactam Effect on Imipenem-nonsusceptible P. aeruginosa

*Excludes SMART surveillance data from China and India (2015 and 2016) and Vietnam (2015) due to late inclusion of the data in the analysis.
Figure from Young K, et al. BMC Microbiol 2019;19:150. Reproduced under the Creative Commons license: https://creativecommons.org/licenses/by/4.0/.
Young K, et al. BMC Microbiol 2019;19:150 

 Isolates were obtained from four separate sources: 1) challenge panel of imipenem-nonsusceptible isolates curated at Merck & Co., Inc. (n=108); 2) challenge 
panel of imipenem-nonsusceptible isolates curated at Eurofins (Chantilly, VA, USA) (n=185); 3) Global SMART database (2009; 2011; 2015–16) (n=14,813);
4) all imipenem-nonsusceptible isolates from a previously published surveillance study from NY, NY, USA (n=144); all sources
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Arrow indicates the modal MIC values for 
imipenem alone and imipenem combined 
with 4 μg/mL of relebactam

Shift in Imipenem MIC Values for 
Imipenem-Nonsusceptible (n=4650) 
Isolates*

Imipenem

Relebactam Restores Susceptibility in Imipenem Nonsusceptible P. aeruginosa



Relebactam Restores Susceptibility in Imipenem Non-susceptible P. aeruginosa

Relebactam Mechanism of Action in Imipenem-Nonsusceptible P. aeruginosa

 Relebactam restores the activity of imipenem vs P. aeruginosa with loss of OprD protein
 Relebactam inhibits hydrolysis of imipenem by AmpC ß-lactamase, restoring imipenem activity against imipenem-nonsusceptible P. aeruginosa
 Imipenem and relebactam are not subject to P. aeruginosa efflux pumps

Figure adapted from: Hilbert D, et al. ECCMID 2021; Poster #1590.
Hilbert D, et al. ECCMID 2021; Poster #1590; Young K, et al. BMC Microbiol 2019;19:150; Livermore DM. Antimicrob Agents Chemother 1992;36:2046–8; Livermore DM, et al. J.Antimicrob. Chemother 2013;68:2286–90;
Horner C, et al. J Antimicrob Chemother 2019;74:1940–44
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31 patients received imipenem/relebactam and 16 colistin+imipenem

Favorable overall response was observed in 71% imipenem/relebactam and 70% colistin+imipenem patients,
day 28 favorable clinical response in 71% and 40%, and 28-day mortality in 10% and 30%, respectively. 
Serious adverse events occurred in 10% of imipenem/relebactam and 31% of colistin+imipenem patients,

Pseudomonas aeruginosa (77%), Klebsiella spp. (16%), other 
Enterobacteriaceae (6%)



RESTORE-IMI-1: Qualifying Baseline Pathogens with IMI/REL and
Colistin + Imipenem

Motsch J, et al. Clin Infect Dis 2020;70:1799–808 (RESTORE-IMI-1)

 The distribution of species within qualifying baseline pathogens for the mMITT population was similar in both treatment arms

IMI/REL (n=21)
n (%)

Colistin + imipenem (n=10)
n (%)

All pathogens 21 10

Aerobic gram-negative bacillus 21 (100.0) 10 (100.0)

C. freundii 1 (4.8) 0 (0.0)

E. cloacae 1 (4.8) 0 (0.0)

K. oxytoca 0 (0.0) 1 (10.0)

K. pneumoniae 3 (14.3) 1 (10.0)

P. aeruginosa 16 (76.2) 8 (80.0)

mMITT Population





264 imipenem/cilastatin/relebactam and 267 
piperacillin/tazobactam; 
48.6% had ventilated HABP/VABP, 66.1% were in 
the ICU. 
The most common pathogens were K. pneumoniae
(25.6%) and P. aeruginosa (18.9%).

Imipenem/cilastatin/relebactam was noninferior (P < .001) to 
piperacillin/tazobactam for both endpoints: day 28 all-cause mortality 
and favorable clinical response at early follow-up.





• Multicenter, retrospective, observational case series

• 21 patients were treated with imipenem-cilastatin-relebactam.

• There were mixed infection sources, with pulmonary infections (11/21,52%) composing the majority.

• The primary pathogen was Pseudomonas aeruginosa (16/21, 76%), and 15/16 (94%) isolates were multidrug-
resistant.

• Thirty-day survival occurred in 14/21 (67%) patients

• Two patients experienced adverse effects.



• 16 PSA – all were meropenem I or R or imipenem R
• All PSA were carbapenem non-susceptible
• 3/8 patients with Enterobacterales had a CRE infection

PNA …

UTI; 3; 14%

IPD (Invasive 
Prosthetic Device); …

IAI (Intra-abdominal 
Infection); 2; 10%

SSTI (Skin and …
Bone/Joint; 1; 

5%

Infection Sources 16
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• Bacteremia occurred in 29% of patients

Additional Notes



Results
Primary Endpoints

 30-day microbiological recurrence: 5/21 
(24%) patients
• 2 recurrent isolates found IMI/REL 

resistant on MIC testing
 2 adverse events occurred (neither led to 

drug discontinuation):
• Gastrointestinal: Nausea, vomiting, 

diarrhea
• Encephalopathic: Altered mental status, 

somnolence, new onset seizures

14/21; 67%
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MBL ?



 The objective was to evaluate the in vitro activity of aztreonam plus imipenem-relebactam
against strains of Escherichia coli and Klebsiella pneumoniae co-harboring NDM and >1 
serine b-lactamase. Thirteen isolates were included

 All isolates were resistant to imipenem and imipenem-relebactam, and 85% were 
aztreonam-resistant.

 The combination of aztreonam+imipenem was bactericidal and synergistic against 7/13 and 
10/13 isolates. The addition of relebactam to this combination resulted in synergy against 
all 11 aztreonam-resistant clinical isolates.

 Aztreonam plus imipenem-relebactam may be a viable treatment option for aztreonam-
non-susceptible NDM and serine b-lactamase-producing E. coli and K. pneumoniae.



Imipenem-relebactam has a strong activity against KPC-producing Enterobacterales and many MDR 
Pseudomonas. 

PK / PD characteristics suggests that imipenem-relebactam may be an important treatment option for 
both ICU and non-ICU HP, including VAP, caused by Enterobacterales (in regions with a high 
prevalence of KPCs) and by MDR Pseudomonas.

The activity of imipenem-relebactam would not be expected to differ from that of imipenem alone in 
the presence of MBL and/or oxacillinase producers.

The activity of imipenem-relebactam against Acinetobacter spp. appears to be similar to that of 
imipenem alone.
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