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ABSTRACT

Introduction: Difficult-to-treat-resistant (DTR)
infections caused by Pseudomonas aeruginosa rep-
resent a global public health threat, prioritizing
the search and development of new antibiotics
for this microorganism.
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Methods: We present the real-life experience of
the compassionate use of imipenem/cilastatin/
relebactam in a descriptive study involving 14
patients with DTR-P. aeruginosa infection and
limited treatment options.

Results: The primary source of infection was skin
and soft tissue infection, 57.1% (8/14), followed by
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respiratory infection-pneumonia, 28.6% (4/14). At
the onset of infection, 71.4% (10/14) of patients
were in the intensive care unit (ICU). All our
patients had a Charlson Score of > 3. Septic shock
was observed in 64.3% (9/14) of patients. The
median treatment duration was 15 days, and no
patient experienced an adverse event that required
treatment interruption. All-cause 30-day mortal-
ity was observed in 42.9% of cases (6/14), while
clinical efficacy and microbiological success were
observed in 64.3% (9/14).

Conclusions: Imipenem/cilastatin/relebactam
may represent a treatment option for patients
with DTR-P. aeruginosa infections, which should
be validated in prospective clinical trials.

Keywords: Pseudomonas aeruginosa; Imipenem,;
Cilastatin; Relebactam; Carbapenem; Resistant;
Multidrug; Resistant

Infections caused by drug-resistant Pseudomonas
aeruginosa Tepresent a global public health
threat.

It is essential to pursue new antibiotics that
provide a more effective and safe treatment
option for patients with drug-resistant Pseu-
domonas aeruginosa infections.

Imipenem/cilastatin/relebactam exhibits
good activity against difficult-to-treat resist-
ant Pseudomonas aeruginosa infections.
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The favorable tolerance of imipenem/cilas-
tatin/relebactam, along with its low toxicity,
positions this antibiotic as a viable treatment
option for patients with drug-resistant Pseu-
domonas aeruginosa infections.

INTRODUCTION

Given the growing threat posed by carbapenem-
resistant pathogens and the increasing resistance
to new antimicrobials, the search for new anti-
biotics for effective and safe treatment of Pseu-
domonas aeruginosa with difficult-to-treat resist-
ant (DTR) is essential.

DTR-P. aeruginosa is a concept introduced in
2018 and refers to P. aeruginosa isolates not sus-
ceptible to any of the following antimicrobials:
ceftazidime, cefepime, piperacillin-tazobactam,
aztreonam, imipenem-cilastatin, meropenem,
ciprofloxacin, and levofloxacin [1].

A recent study published in Spain, which
included 3180 clinical isolates of P. aeruginosa,
showed a DTR-P. aeruginosa rate of 2.1% in
2022. In this study, the resistance rate to IMR
was 2.5%, with a higher rate of 5.3% in patients
admitted to the intensive care unit (ICU) com-
pared to 2.3% in non-ICU patients [2].

Imipenem/cilastatin/relebactam (IMR) com-
bines the carbapenem imipenem, the renal
dehydropeptidase-I inhibitor cilastatin, and the
novel B-lactamase inhibitor, relebactam. Two
phase III clinical trials evaluated the efficacy and
safety of IMR. The phase III RESTORE-IMI 1 trial
was a randomized, multicentric, double-blind
study designed to compare the effectiveness and
safety of IMR with imipenem plus colistin (COL)
therapy for the treatment of hospital-acquired
pneumonia/ ventilator-associated pneumonia
(HAP/VAP), complicated intra-abdominal infec-
tion (cIAI) and complicated urinary tract infec-
tion (cUTI) caused by imipenem-non-susceptible
isolates. This study showed a favorable over-
all response rate in both groups, with a better
safety profile of IMR compared to colistin-based
therapy for cIAI and cUTI [3]. In another phase
IIT study, RESTORE IMI 2, a randomized, dou-
ble-blind controlled study, IMR demonstrated
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non-inferiority compared to piperacillin-tazo-
bactam treatment in adult patients with HAP/
VAP [4].

Although clinical trials are the gold standard
for testing the effectiveness and safety of medi-
cal treatments, they often do not reflect the
real-world use of antimicrobials in daily clinical
practice. This study aims to report on the real-
life experience of the compassionate use of IMR
in patients with DTR-P. aeruginosa infection.

METHODS

This was a multicenter, retrospective, observa-
tional case series of patients with DTR-P. aer-
uginosa infection treated with IMR for at least
48 h under compassionate use following fail-
ure or intolerance of a primary active regimen
(salvage therapy). Nine different hospitals from
Spain participated. The IMR was only used under
compassionate use in patients with DTR-P. aerug-
inosa. The data from the hospitals that requested
this antimicrobial were provided directly by the
Medical Department of Merck Sharp and Dohme
(MSD) Spain.

The study was coordinated from Reina Sofia
University Hospital, Cérdoba, Spain, from July
2019 to March 2023 and was approved by the
Ethics Committee (code 5317).

The primary outcome variable was all-cause
30-day mortality. Secondary outcomes included
clinical efficacy and microbiological success at
day 30. Clinical efficacy was defined as patient
survival with resolution of signs and symptoms
of infection at the end of treatment and absence
of recurrence up to day 30 of follow-up. Micro-
biological success was defined as no growth of
P. aeruginosa in cultures of clinical samples from
the end of treatment until day 30 of follow-up.
Patients who achieved clinical efficacy but could
not be assessed for colonization were also con-
sidered microbiological success.

The following explanatory variables were col-
lected from each patient: sex, age, chronic under-
lying diseases, source of infection, and severity of
system inflammatory response at the presentation
of the infection [5]. The Cockroft-Gault formula
calculates creatinine clearance (CLy). Renal failure

was defined as CL-z <60 ml/min. The need for an
invasive procedure to control the focus of infec-
tion was also considered. Infections were deter-
mined according to the CDC criteria [6]. Addi-
tionally, any adverse events that occurred during
treatment were reported.

We administered a standard dose of IMR:
500 mg imipenem/cilastatin with 250 mg rel-
ebactam every 6 h via intravenous infusion,
adjusted for renal function as recommended
by the summary of product characteristics of
the European Medicines Agency (EMA SmPC).
The investigator determined the duration of
the treatment.

The clinical and microbiological diagnosis of
the infection, including the initial identifica-
tion and susceptibility testing of the isolates,
were conducted at each participating center.
P. aeruginosa were identified using MALDI-TOF
(Bruker Diagnostics, Billerica, MA, USA). Addi-
tionally, when isolates were available (n=7),
they were further characterized in a central-
ized laboratory at the University Hospital Reina
Sofia, Cordoba, Spain. Identification was con-
firmed again using MALDI-TOF (Bruker Diag-
nostics), and susceptibility testing was per-
formed using the WalkAway semi-automated
system (Beckman Coulter, Madrid, Spain) with
MicroScan microdilution panels NC54, Sen-
sititre™ EUMDROXF microdilution panels
(Thermo Fisher Scientific, Waltham, MA, USA)
and UMIC cefiderocol (Bruker Diagnostics)
microdilution panels, following manufactur-
ers’ recommendations. Susceptibility testing
results were interpreted according to EUCAST
breakpoints [7]. Carbapenemase activity was
detected using the modified carbapenem inac-
tivation method (mCIM) [8] and the p-Carba™
test (Bio-Rad, Madrid, Spain). Additionally,
carbapenemases were identified using the NG-
Test CARBA 5 immunochromatography assay
(Biotech, Madrid, Spain) and the Xpert Carba-
R assay (Cepheid, Barcelona, Spain). Details
regarding minimum inhibitory concentrations
(MICs) against isolate #9 have been previously
reported, and the corresponding data has also
been included in this manuscript to provide
comprehensive information [9].
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RESULTS

Patient Characteristics

The study included 14 patients, with a median
age of 58 (range 24-75).

At the onset of infection, 71.4% (10/14) of
patients were in the ICU. The Charlson Comor-
bidity Score was>3 in 100% of patients. Sep-
tic shock was observed in 64.3% (9/14) of
patients. Bacteremia was present in 28.4% of
patients and among those with bacteremia,
50% (2/4) died. The primary source of infec-
tion was skin and soft tissue infection, 57.1%
(8/14), followed by respiratory infection-pneu-
monia (28.6%), intra-abdominal infection
(one patient), and one patient had a central
nervous system infection (meningoventriculi-
tis). Table 1 provides a detailed description of
the cohort with DTR-P. aeruginosa infections
treated with IMR.

Organism Characteristics

As presented in Table 2, all isolates were mul-
tidrug-resistant. They were all resistant to
meropenem, and 12/14 were also resistant to
imipenem. Among the seven isolates available
for centralized testing, five were susceptible to
IMR, one to meropenem-vaborbactam (MEV),
and six to cefiderocol (FDC). None of the iso-
lates produced carbapenemase. Seven out of 13
tested isolates were susceptible to ceftolozane/
tazobactam (C/T), while only 2 out of 13 tested
isolates were susceptible with increased expo-
sure to ceftazidime/avibactam (CAZ-AVI).

Treatment Characteristics

IMR was used in monotherapy in all cases. All
14 patients had previously received antimi-
crobial treatment with clinical failure. Among
them, 12 patients (85.7%) had received empir-
ical treatment with carbapenems, with 11
patients receiving meropenem and one receiv-
ing both imipenem and meropenem. Addition-
ally, nine patients had received previous tar-
geted therapy with new p-lactam-p-lactamase

inhibitor (BLBI) drugs, including CAZ-AVI, C/T,
and FDC (Table 1).

The median duration of treatment was
15 days. Only one patient experienced a mild
adverse effect during treatment: nausea. How-
ever, this adverse effect did not require a dose
reduction or treatment interruption.

Patient Outcomes

The all-cause mortality at 30 days was 42.9%
of cases (6/14). Clinical efficacy and microbio-
logical success were observed in 64.3% of cases
(9/14).

DISCUSSION

We describe the multicentric experience of com-
passionate use of IMR as salvage treatment for
DTR-P. aeruginosa infections with limited thera-
peutic options. The all-cause 30-day mortal-
ity rate was 42.9%, which is higher than that
described in a previous patient cohort [10]. How-
ever, the clinical efficacy rate is similar to that
described in the previous cohort by Rebold et al.
[10]. As we can see, all our patients had a Charl-
son Score of >3, which suggests that our patients
had multiple comorbidities that increased their
risk of mortality and complications, indicat-
ing a less favorable prognosis. Therefore, the
excess deaths in our study could be related to
the underlying chronic diseases of our patients
rather than the infection itself.

Furthermore, clinical efficacy results are con-
sistent with published clinical trials on treating
carbapenem-resistant Gram-negative bacteria
(CR-GNB) [11]. Recently, our group published
a series of patients with CR-GNB infections,
primarily P. aeruginosa, who were treated with
FDC and demonstrated a higher rate of favora-
ble clinical response [12]. However, clinical cure
was defined as the resolution or improvement of
signs and symptoms of infections. With similar
definitions, the clinical cure rate might also be
higher.

In our study, microbiological success was
observed in 64.3%. These results could be justi-
fied by the difficulty of eradicating P. aeruginosa
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due to its high capacity for intrinsic, acquired,
and adaptive resistance.

Diversifying antimicrobial treatment is essen-
tial to reducing antibiotic pressure and, in this
way, reducing the risk of the emergence of resist-
ant mutant strains. The emergence of resistance
to IMR during treatment has recently been
reported [13].

The limited sample size is a significant draw-
back of this study, constrained by the number
of patients for whom compassionate use of this
antimicrobial was requested at the national level
for managing patients with confirmed DTR-P.
aeruginosa infections. However, the strengths
include strict definitions, a primary outcome
such as mortality, and the scarcity of real-world
data to date.

CONCLUSIONS

In conclusion, our study suggests that imipe-
nem/cilastatin/relebactam may represent a treat-
ment option for patients with DTR-P. aeruginosa
infections, which should be validated in pro-
spective clinical trials.
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