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SUMMARY

Background: The escalating global crisis of antimicrobial
resistance (AMR), particularly among multidrug-resis-
tant (MDR) Gram-negative bacteria (GNB), presents a
significant challenge to patient care. Newer p-lactam/
B-lactamase inhibitor (BL/BLI) combinations, such
as imipenem/cilastatin/relebactam (IMI/REL), have
been developed to overcome key resistance mecha-
nisms, including those mediated by KPC and AmpC
enzymes, offering new hope for treating severe infec-
tions with limited therapeutic options.

Patients and Methods: This was a retrospective, single-
center, observational study of 195 adult patients with
GNB bacteraemia who received IMI/REL for at least 48
hours. The patient cohort was characterized by a high
comorbidity burden (median Charlson Comorbid-
ity Index of 4) and significant illness severity (median
APACHE II score of 14). The most common pathogens
were Pseudomonas aeruginosa (63.1%) and Klebsiella
pneumoniae (24.6%), with a high proportion of isolates
being carbapenem-non-susceptible (77.5%). The pri-
mary outcome was clinical success, and secondary out-

comes included 30-day all-cause mortality and safety.
Results: The overall clinical success rate was 72.82%,
and the all-cause 30-day mortality rate was 11.3%. Mi-
crobiologic failure occurred in 12.3% of patients, and
infection recurrence within 30 days was seen in 8.2%.
The safety profile was favourable, with adverse drug
reactions reported in 4.1% of patients, leading to treat-
ment discontinuation in only two cases (1.02%).
Conclusions: The findings of this study reinforce the
value of IMI/REL as an effective and well-tolerated
treatment for severe GNB infections in a complex, real-
world patient population. These outcomes compare
favourably with published data for other new BL/BLI
agents, supporting the targeted use of IMI/REL as a
crucial component of modern antibiotic stewardship.

Keywords: Imipenem/cilastatin/relebactam, IMI/REL,
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B INTRODUCTION

A ntimicrobial resistance (AMR) is a pressing
global health crisis, particularly the rising
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gens has rendered many conventional antibiotics
ineffective, creating significant therapeutic chal-
lenges for clinicians and leading to increased rates
of morbidity, mortality, and economic burden [2].
According to recent data, resistant infections cause
over 1.27 million deaths annually, and unchecked
AMR could result in economic damage compara-
ble to the 2008 financial crisis [3]. This crisis is ex-
acerbated because the evolution of resistance
mechanisms has significantly outpaced new anti-
biotic development, creating a widening thera-
peutic gap that threatens the foundation of mod-
ern medical practices [4].

A critical component of this challenge is the rise of
resistance to cornerstone p-lactam antibiotics, pri-
marily driven by the production of p-lactamase
enzymes that inactivate these drugs [5]. In re-
sponse, the last decade has witnessed the develop-
ment and approval of several innovative B-lactam/
B-lactamase inhibitor (BL/BLI) combinations de-
signed to circumvent these resistance mechanisms
and restore therapeutic efficacy [6]. These newer
agents, including ceftazidime/avibactam, mero-
penem/vaborbactam, ceftolozane/tazobactam,
and imipenem/cilastatin/relebactam, each pos-
sess a unique microbiological profile tailored to
specific resistance phenotypes, filling a critical gap
in the antimicrobial armamentarium [7]. Imipen-
em/cilastatin/relebactam (IMI/REL) stands out
as a crucial addition. It combines a potent carbap-
enem, a renal dehydropeptidase inhibitor, and a
novel bicyclic diazabicyclooctane inhibitor that
effectively restores imipenem’s activity against
many Ambler Class A and Class C enzymes, such
as KPC-type carbapenemases and AmpC f-lacta-
mases [8-10]. IMI/REL is indicated for a range of
serious infections, including hospital-acquired
bacterial pneumonia and ventilator-associated
bacterial pneumonia (HABP/VABP), complicated
urinary tract infections (cUTI), and complicated
intra-abdominal infections (cIAI) [9].

While data from pivotal clinical trials and in vitro
studies have demonstrated the efficacy of IMI/
REL against these formidable pathogens, there re-
mains a critical need for real-world evidence. Ret-
rospective, observational studies are vital for pro-
viding insights into the use of new antibiotics in
diverse patient populations with complex comor-
bidities, a context often not fully captured in con-
trolled trials. This study aims to address this gap
by retrospectively analysing the clinical character-

istics, treatment patterns, and outcomes of a co-
hort of 195 patients with bacteraemia caused by
GNB treated with IMI/REL. By synthesizing our
findings with the existing literature, this article
seeks to provide a comprehensive analysis of the
real-world utility of IMI/REL in the management
of GNB bacteraemia.

B METHODS

This was a retrospective, single-centre, observa-
tional study conducted at Second University De-
partment of Internal Medicine and Department of
Infectious Diseases of University General Hospital
of Alexandroupolis (Greece). The study included
adult patients who were hospitalized during the
period from January 2023 to January 2025 and re-
ceived IMI/REL for at least 48 hours for microbio-
logically confirmed Gram-negative bacteraemia
due to difficult-to-treat (DTR) pathogens. While
IMI/REL therapy may have been initiated empir-
ically in some cases, inclusion in the final cohort
was contingent upon subsequent positive blood
culture confirmation of a DTR Gram-negative bac-
terium. Patients were excluded from the study if
any of the following criteria were met: age less
than 18 years, pregnancy or lactation, polymicro-
bial infection where a DTR Gram-negative bacte-
rium was not considered the primary pathogen
and patients for whom complete medical records
or outcome data were unavailable for retrospec-
tive review. Informed consent was obtained from
all subjects involved in the study, as this was a spe-
cific requirement of the Institutional Review Board
for the retrospective analysis of patient medical
records. The study was approved by the Ethics
Committee of University General Hospital of Al-
exandroupolis and Democritus University of
Thrace.

Data were extracted from patient medical records,
encompassing demographics, clinical characteris-
tics, microbiological findings, and details regard-
ing the administration of IMI/REL. The source of
infection, isolated pathogens and their resistance
phenotypes were meticulously recorded. The pri-
mary outcome was the clinical success, defined as
improvement or resolution of infection-related
signs and symptoms at the end of treatment. The
assessment of clinical success was determined by
the documented evidence extracted from the pa-
tient’s medical records. Treating physician’s docu-
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mented assessment at the end of treatment with
IMI/REL therapy or at the point of patient dis-
charge was reviewed. A statement of “clinical suc-
cess”, “significant clinical improvement” or “reso-
lution of infection” was required. Resolution or
marked improvement of systemic signs of infec-
tion, specifically the normalization of fever and
clearance or improvement of source-specific signs
and symptoms such as clearance of purulent se-
cretions for respiratory tract infections, or resolu-
tion of flank pain/dysuria for urinary tract infec-
tions were reported. The successful completion of
the IMI/REL course without the need to switch to
an alternative agent due to clinical deterioration or
insufficient response prior to the end of the
planned treatment course was also assessed. The
secondary outcomes included the 30-day all-cause
mortality, microbiologic failure (defined as the iso-
lation of the original pathogen after 30 days of
treatment), infection recurrence within 30 days,
length of hospital stay, and infection-related read-
mission within 30 days. Infection recurrence was
clinically assessed as the re-isolation of the origi-
nal Gram-negative pathogen or a clinically related
infection within 30 days following the end of IMI/
REL therapy. Clinical Failure was defined as the
lack of improvement or resolution of infection-re-
lated signs and symptoms at the end of IMI/REL
treatment. This is the inverse of our primary end-
point, clinical Success. Adverse drug reactions
were also monitored and reported from the medi-
cal records.

Descriptive statistics were used to summarize
baseline characteristics, treatment outcomes, and
adverse events. Continuous variables were pre-
sented as medians with interquartile ranges (IQRs),
and categorical variables as counts and percentag-
es. To assess factors associated with 30-day all-
cause mortality, univariate and multivariate logis-
tic regression analyses were performed. Variables
with a p-value of <0.1 in the univariate analysis
were included in the multivariate model. Odds Ra-
tios (OR) and adjusted Odds Ratios (aOR) with
their respective 95% Confidence Intervals (CI)
were calculated. Kaplan-Meier survival analysis
was conducted to estimate the probability of 30-
day all-cause mortality and time-to-infection re-
currence. The log-rank test was used to compare
survival distributions between stratified groups
(e.g., ICU vs. non-ICU patients). A two-sided p-val-
ue of <0.05 was considered statistically significant.

All statistical analyses were performed using IBM
Statistical Package for the Social Sciences (SPSS),
version 19.0 (IBM Corp., Armonk, NY, USA).

B RESULTS

A total of 195 patients were included in the analy-
sis. The flowchart summarizing the study design
and the patient inclusion process is shown in Fig-
ure 1. The median age was 65 years (interquartile
range, 49-83) and 58.97% of patients were male
(Table 1). The median body mass index (BMI) was
27.5 (IQR, 23.9-35.6). The cohort had a high burden
of comorbidities, with a median Charlson Comor-
bidity Index of 4 (IQR, 3-7). The most frequent co-
morbidities were hypertension (52.3%), diabetes
mellitus (38.5%), and heart failure (18.5%). Con-
sistent with the study’s focus, a substantial por-
tion of the cohort had multidrug-resistant risk fac-
tors, including recent antibiotic exposure (78.8%)
and hospitalization (66.2%). Illness severity was
high, with a median APACHE II score of 14 (IQR,
9-22), and 13.3% of patients were admitted to the
Intensive Care Unit (ICU) at the time of index cul-
ture (Table 2).

The most common source of infection was the low-
er respiratory tract (45.6%), followed by the uri-
nary tract (33.3%) and intravenous catheter infec-

Study Flowchart: Patient Inclusion and Exclusion Process

Initial Screening and Eligibility

Patients identified via hospital records

N=250
*Adult patients hospitalized during Jan 2023- Jan 2025 who received
IMI/REL for at least 48 hours for confirmed or suspected infection by

Gram negative bacteria

Excluded Patients

Age Polymicrobial Missing complete medical
<18 years infection records
=4 where DTR n=31
GNB was not
Lresnancy/ fhe prifuary Total excluded
Lactation pathogen %
=5 n=15 patients

¥

Patients included in the
final refrospective cohort

n=195

Figure 1 - Flowchart of the study and patient inclusion
process.
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tions (14.9%) (Table 2). The median duration of
IMI/REL therapy was 10.2 days (IQR, 6.4-16.1)
(Table 3). The drug was administered primarily at
a dose of 1250 mg (77.9%) every 6 hours (88.2%).
Of the 195 patients included in the study, 51 (26.2%)
were receiving active antimicrobial therapy imme-
diately prior to the initiation of IMI/REL. The de-
cision to switch to IMI/REL in these cases was
driven by critical clinical and microbiological con-
siderations. The primary reasons for this change
included documented clinical deterioration or lack

Gram-negative pathogen, or clinical judgment to
escalate therapy due to severe infection or specific
resistance patterns for which IMI/REL was seemed
a more appropriate and effective option.

Pseudomonas aeruginosa was the most frequently
isolated pathogen (63.1%), followed by Klebsiella
pneumoniae (24.6%). A significant proportion of

Table 2 - Source of infection, isolated pathogens and
resistance phenotypes in study participants.

of adequate response to the prior antimicrobial Characteristic Patients (n=195)
regimen, microbiological guidance indicating in Source of infection, 1 (%)
vitro non-susceptibility or suboptimal activity of . ——— eV
the current agents against the isolated DTR ower respiratoly tac .
Skin/soft tissue 21 (10.8)
Table 1 - Clinical characteristics of study participants | Urinary fract 65(33.3)
(n=195). Intra-abdominal, nonbiliary 15(7.7)
Characteristic Patients (n=195) Intra-abdominal, biliary 12 (6.2)
Age, median (IQR), years 65 (49-83) Invasive prosthetic device 9(4.6)
Male sex, n (%) 115 (58.97) Intravenous catheter 29 (14.9)
BMI, median (IQR) 27.5(23.9-35.6) Unknown 15(7.7)
Comorbid conditions, n (%) Isolated pathogens, n (%)
Charlson Comorbidity Index, median (IQR) 4(3-7) Pseudomonas aeruginosa 123 (63.1)
Diabetes mellitus 75 (38.5) Klebsiella pneumoniae 48 (24.6)
Heart failure 36 (18.5) Enterobacter cloacae complex 6(3.1)
Hypertension 102 (52.3) Escherichia coli 4(2.1)
Chronic kidney disease 29 (14.9) Serratia marcescens 2(1.0)
Peripheral vascular disease 44 (22.56) Kilebsiella oxytoca 16 (8.2)
Chronic obstructive pulmonary disease 24(12.3) Proteus mirabilis 3(1.5)
Malignancies of solid organs 37(19.0) Providencia stuartii 1(0.5)
Hematologic malignancies 15(7.7) Citrobacter koseri 2(1.0)
Autoimmune diseases 21(10.8) Acinetobacter baumannii 6(3.1)
Cytotoxic chemotherapy Polymicrobial index culture 45(23.1)
ithin prior 90 d 32 (16.4)
within prior Resistance phenotypes, n (%)
Iz cloze coiftsasaai 15(E2) Any carbapenem-nonsusceptible isolate 152 (77.5)
Multidrug-resistant risk factors, n (%) Carbapenem-resistant
Y 46 (23.6)
Antimicrobials for >24 h 142 (78.8) Enterobacterales spp
U e 2 el MDR P aeruginosa 79 (40.5)
Hf)s;ntah;atlon for 248 h 129 (66.2) DIR P aeruginosa 31(15.9)
within prior 90 d :
Prior infection with resistant organisms 91 (46.7) b PR
APACHE I i 1
Colonization with resistant organisms 55 (28.2) C CEURERIE R e, 14 (9-22)
median (IQR)
Leaving in nursing facility 34(17.49) ICU admission at time of index culture, 26 (13.3)
Surgery within prior 30 d 29 (14.9) n (%) ’
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Table 3 - Data associated with the administration of
Imipenem/Cilastatin/Relebactam.

Patients,

(n=195)
IMI/REL dose, n (%)
1250 mg 152 (77.9)
750 mg 43(22.1)
Frequency, n (%)
Every 6 h 172 (88.2)
Every 8 h 23 (11.8)
Active therapy before IMI/REL, n (%) 51(26.2)
IMI/REL directed therapy, n (%) 134 (68.7)
Concomitant systemic therapy for 224 hr, n (%) 67 (34.4)
Aminoglycoside 8(4.1)
Fluoroquinolone 5(2.6)
Sulfamethoxazole-trimethoprim 1(0.5)
Colistin 19 (9.7)
Tigecycline 17 (8.7)
Concomitant inhaled antibiotics, n (%) 8(4.1)
Colistin 8(4.1)
Time to IMI/REL initiation, 89.0 (44.0—
median (IQR), hours 157.0)

Duration of IMI/REL therapy,

median (IQR), days 12 (BEa)

Reason for IMI/REL selection, n (%)

Lack of active treatment options 83 (42.6)
Regimen consolidation* 22 (11.3)
Dot coverage o cpenen |54
Cobiton eor e 2a1y
Failure or deterioration with prior therapy 27(13.8)
Allergy or intolerance to alternative agents 1(0.5)
Unknown 12 (6.2)
Discharge disposition, n (%)

Home 99 (50.8)
Nursing facility 46 (23.6)
Death 34 (17.4)
Rehabilitation centre 16 (8.2)

* Regimen consolidation refers to the de-escalation or discontinuation
of concomitant antimicrobial agents once definitive microbiological
and susceptibility data supported IMI/REL as effective monotherapy.
** Double coverage was defined as the administration of two distinct an-
timicrobial agents, both of which demonstrate in vitro activity against
a confirmed or highly suspected carbapenem-resistant Gram-negative
pathogen.

isolates were carbapenem-non-susceptible (77.5%),
with 23.6% being Carbapenem-Resistant Entero-
bacterales (CRE). The remaining 43 isolates (22.5%)
were carbapenem-susceptible but met the defini-
tion of difficult-to-treat due to non-susceptibility
to multiple other standard antimicrobial classes
(e.g., extended-spectrum cephalosporins, fluoro-
quinolones, or piperacillin-tazobactam), necessi-
tating the use of advanced agents like IMI/REL.
Among P. aeruginosa isolates, 40.5% were multid-
rug-resistant (MDR) and 15.9% were difficult-to-
treat-resistant (DTR). The remaining 59.5% (n=73)
of P. aeruginosa isolates were either non-MDR or
susceptible to at least one of the major antipseu-
domonal classes (carbapenems, extended-spec-
trum cephalosporins, or piperacillin-tazobactam),
but still met the overall study definition of a DTR-
GNB for which IMI/REL therapy was chosen
based on specific resistance to other agents or clin-
ical context. In a subset of 62 isolates, specific
B-lactamases were identified, including chromo-
somal AmpC (PDC, 30.6%), KPC serine carbapen-
emases (16.1%), and a variety of extended-spec-
trum B-lactamases (Table 4).

The overall clinical success rate was 72.82% (Table
5). The 30-day all-cause mortality rate was 11.3%,
affecting 22 patients. Microbiologic failure oc-
curred in 24 patients (12.3%) and infection recur-
rence within 30 days was seen in 16 patients
(8.2%). As previously clarified, a substantial por-
tion of our cohort, 51 patients (26.2%), were
switched to IMI/REL due to either documented
clinical deterioration or microbiological non-sus-
ceptibility with their prior active antimicrobial
therapy representing a high-risk group. Among
these 51 patients, the clinical success rate was
60.8% (n=31/51), which is notably lower than the
overall clinical success rate of 72.82% for the entire
cohort. The 30-day all-cause mortality rate in this
subgroup was 19.6% (n=10/51). This is higher
than the overall 30-day mortality rate of 11.3% for
the entire cohort. Microbiological eradication in
this group was achieved in 58.8% (n=30/51) of
cases, lower than the overall rate of 78.5%. The
overall median length of hospital stay was 19.0
days, and 4.1% of patients had infection-related
readmission within 30 days. Among patients with
a high comorbidity burden (n=51) the median
length of hospital stay was 27.5 days (IQR: 18.0-
45.0) and the risk of readmission within 30 days
was measurably higher (n=9/51, 17.64%). Kaplan-
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Table 4 - Classification of isolates based on type of
B-lactamases (N=62).

p-lactamases
Class A
Older spectrum p-lactamases, n (%)
SHV 2(3.2)
TEM 9(14.5)
Extended spectrum f-lactamases, n (%)
CTX-M 8(12.9)
SHV 6(9.7)
VEB 1(1.6)
Serine carbapenemases, n(%)
KPC | 10061
Class C
Chromosomal AmpC, n (%)
PDC | 19630.6)
Plasmid-mediated AmpC, n (%)
ACT 0(0.0)
CMY 2(3.2)
DHA 3(1.5)
Class D
OXA-48, n(%) | 2(3.2)

Table 5 - Efficacy, clinical outcome and safety in study
participants after treatment with Imipenem/Cilasta-
tin/Relebactam.

Patients, (n=195)

Meier survival curve for 30-day mortality and for
time remaining without infection recurrence are
shown in Figures 2 and 3. Adverse drug reactions
were reported in 4.1% of patients, with hepatotox-
icity and nephrotoxicity each occurring in 1.0%.

Log-Rank Test
p-value < 05

Non-ICU patients

0.6
0.6
ICU patients
0.4

02

Probability of survival

02

0.0

T T T T T T "
0 7 14 14 25 21 21 30
Time since IMI/REL Initiation (Days)

Figure 2 - Kaplan-Meier Survival Analysis for 30-Day All-
Cause Mortality in Patients Treated with Imipenem/
Cilastatin/Relebactam (n=195)

Note: The curve plots the probability of survival from the day
of IMI/REL initiation up to 30 days. The blue line represents
non-ICU patients (n=169), and the red line represents ICU pa-
tients (n=26) at the time of index culture. The grey shaded ar-
eas indicate the 95% confidence intervals.

Clinical success 142 (72.82)
Secondary outcomes, n (%)

All-cause mortality within 30 d 22 (11.3)
Microbiologic failure within 30 d 24(12.3)
Infection recurrence within 30 d 16 (8.2)

Length of hospital stay, median (IQR), d | 19.0 (12.8-71.9)

Infection-related readmission

within 30 d Gl
Adverse drug reactions, n (%) 8(4.1)
Gastrointestinal

(nausea, vomiting, diarrhea) 1(0.5)
Hepatoxicity 2(1.02)
Nephrotoxicity 2(1.02)
Neutropenia 1(0.5)
Rash/dermatologic reaction 2(1.02)
IMI/REL discontinued due 2(1.02)

to adverse drug reaction
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Figure 3 - Kaplan-Meier Curve for Time-to-Infection
Recurrence within 30 Days Post-Treatment (n=142
Clinically Successful Cases).

The curve plots the probability of remaining infection-free over
30 days following the end of IMI/REL therapy. Patients who died
or were lost to follow-up within 30 days were censored.
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Only two patients (1.02%) discontinued the treat-
ment due to an adverse drug reaction.

The stratified analysis revealed significant differ-
ences in IMI/REL efficacy across various sub-
groups of patients, as detailed in Table 6. While the
overall clinical success rate was 72.82%, success
was notably higher against Klebsiella pneumoniae
(79.17%) compared to Pseudomonas aeruginosa
(70.73%), and correspondingly, 30-day mortality
was lower in the K. pneumoniae group (8.3% vs.
12.2% for P. aeruginosa). When examining resist-
ance, IMI/REL maintained efficacy against highly
resistant phenotypes, achieving a clinical success
rate of 68.4% in the full cohort of carbapen-
em-non-susceptible isolates and 65.2% against
CRE, with an associated 30-day mortality rate of
15.2% for CRE infections. Critically, illness severi-
ty proved to be the strongest predictor of outcome:
patients admitted to the ICU at the time of index
culture, who represented 13.3% of the cohort, had
a significantly lower clinical success rate (57.7%)

and a more than two-fold higher 30-day all-cause
mortality rate (23.1%) compared to non-ICU pa-
tients (75.1% success and 9.5% mortality).

In the univariable analysis, several factors were
found to be significantly associated with increased
30-day all-cause mortality (Table 7). These includ-
ed ICU admission (Odds Ratio [OR]: 2.95; 95%
Confidence Interval [CI]: 1.10-7.93; p=0.03), infec-
tion caused by Pseudomonas aeruginosa (OR: 2.15;
95% CI: 1.05-4.40; p=0.04), and the presence of a
CRE infection (OR: 2.50; 95% CI: 1.08-5.78; p=0.03).
Factors such as age, gender, and type of infection
source (e.g., bloodstream vs. respiratory) did not
show a statistically significant association with
mortality in the univariate analysis. Variables with
a p-value less than 0.1 in the univariable analysis
were considered for the multivariable model. Af-
ter adjusting for confounding factors, ICU admis-
sion remained an independent predictor of 30-day
all-cause mortality (Adjusted OR [aOR]: 2.68; 95%
CIL: 1.01-7.13; p=0.04). Similarly, infection with

Table 6 - Efficacy and Mortality Outcomes Stratified by Pathogen, Resistance Phenotype, and lliness Severity in
Patients with Gram-Negative Bacteraemia Treated with Imipenem/Cilastatin/Relebactam (n=195)

Characteristic (%) Clinical oSuccess, n 30-day All—Cuztse Mortality,
(%) n (%)
P. aeruginosa 123 (63.1%) 87 (70.73%) 15 (12.2%)
Pathogen
K. pneumoniae 48 (24.6%) 38 (79.17%) 4 (8.3%)
) Carbapenem-non-susceptible 152 (77.5%) 104 (68.4%) 19 (12.5%)
Resistance i et
Pt arbapenem-Resistan % % %
yp Enterobacterales (CRE) 46 (23.6%) 30 (65.2%) 7 (15.2%)
Illness ICU Admission at Index Culture 26 (13.3%) 15 (57.7%) 6 (23.1%)
Severity Non-ICU Admission 169 (86.7%) 127 (75.1%) 16 (9.5%)

Table 7 - Univariate and Multivariate Logistic Regression Analysis for Factors Associated with 30-Day All-Cause

Mortality (n=195)

Univariate Analysis Multivariate Analysis*
Characteristic
OR (95% CI) p-value aOR (95% CI) p-value
ICU Admission at Index Culture (Yes vs. No) 2.95 (1.10-7.93) 0.03 2.68 (1.01-7.13) 0.04
Pathogen: P. aeruginosa (Yes vs. Other) 2.15 (1.05-4.40) 0.04 2.05 (1.00-4.21) 0.05
Resistance: CRE Infection (Yes vs. No) 2.50 (1.08-5.78) 0.03 1.95 (0.81-4.68) 0.13
Age (per 10-year increase) 1.10 (0.90-1.35) 0.35 - =
Charlson Comorbidity Index (per 1-point increase) 1.20 (0.95-1.52) 0.13 - -
Source of Infection (Bloodstream vs. Other) 1.50 (0.75-3.00) 0.25 - -
Prior Antibiotic Use (Yes vs. No) 1.80 (0.89-3.64) 0.10 1.65 (0.78-3.50) 0.19

*Adjusted for all variables with a univariate p-value <0.1.
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Pseudomonas aeruginosa also maintained its inde-
pendent association with increased mortality
(aOR: 2.05; 95% CI: 1.00—4.21; p=0.05). The associ-
ation with CRE infection, while still indicating in-
creased risk, did not reach statistical significance
in the multivariate model after adjusting for other
factors (aOR: 1.95; 95% CI: 0.81-4.68; p=0.13), sug-
gesting its effect might be partially mediated by or
correlated with other severe disease parameters
often found in ICU settings.

Asubstantial proportion of our patients, 67 (34.4%),
received concomitant systemic antimicrobial ther-
apy for 224 hours alongside IMI/REL. This reflects
the severe and often complex clinical scenarios en-
countered in patients with DTR-GNB bacteraemia.
In 29 cases (14.9% of the total cohort), concomitant
therapy was utilized to provide broader coverage
for suspected or confirmed co-infecting pathogens
(e.g., Gram-positives, anaerobes, or other resistant
Gram-negatives not fully covered by IMI/REL),
given that 45 (23.1%) of patients had polymicrobial
infections identified. In 19 cases (9.7%), concomi-
tant therapy specifically included colistin, and in
17 cases (8.7%), it included tigecycline, often in
combination with IMI/REL. This strategy aimed
to provide wider coverage against highly resistant
strains, particularly for CRE or extensively drug-re-
sistant (XDR) P. aeruginosa. Beyond antimicrobials,
a significant number of these critically ill patients
(39% had septic shock at baseline) received other
systemic therapies such as vasopressors (28.7%)
and corticosteroids for septic shock (11.8%). While
our study was not designed to prospectively com-
pare outcomes of IMI/REL monotherapy versus

combination therapy, our univariate logistic re-
gression analysis for 30-day all-cause mortality,
which included “Prior Antibiotic Use” as a proxy
for complexity (and often indicative of a switch to
IMI/REL or continued combination), did not find
this factor to be an independent predictor of mor-
tality (OR: 1.80; 95% CI: 0.89-3.64; p=0.10). Similar-
ly, in the multivariate model, it remained non-sig-
nificant (aOR: 1.65; 95% CI: 0.78-3.50; p=0.19). This
suggests that, in our cohort, the use of concomitant
systemic therapy, while a marker of patient com-
plexity or severe resistance did not independently
worsen patient outcomes, nor did it provide a sta-
tistically significant additional protective effect
against 30-day mortality that could overcome the
strong influence of factors like ICU admission or P.
aeruginosa infection.

To identify patient and treatment characteristics
independently associated with achieving clinical
success (as opposed to failure), we performed uni-
variable and multivariable logistic regression
analyses, with the results summarized in Table 8.
In the univariable analysis, factors associated with
a higher odds of clinical success included appro-
priate empirical therapy (OR: 2.10; 95% CI: 1.00-
4.41; p=0.05), achieving source control (OR: 3.50;
95% CI: 1.50-8.17; p=0.003), and lower baseline
comorbidity (represented by Charlson Comorbid-
ity Index, p=0.08). Specific individual comorbidi-
ties (including hypertension, heart failure, diabe-
tes, and others such as chronic kidney disease,
malignancy, or chronic liver disease) were not in-
cluded as separate variables in the final multivar-
iable models (Tables 7 and 8). Many comorbidities

Table 8 - Univariable and Multivariable Logistic Regression Analysis for Factors Associated with Clinical Success

(n=195).
Girmrieas Univariable Analysis Multivariable Analysis*
OR (95% CI) p-value aOR (95% CI) p-value

ICU Admission at Index Culture (No vs. Yes) 2.80 (1.05-7.47) 0.04 2.55 (0.98-6.64) 0.06
Pathogen: K. pneumoniae (Yes vs. Other) 1.65 (0.80-3.40) 0.18 = =

Pathogen: P. aeruginosa (No vs. Yes) 1.80 (0.90-3.60) 0.10 1.75 (0.86-3.56) 0.12
Resistance: CRE Infection (No vs. Yes) 2.20 (0.95-5.10) 0.07 1.90 (0.79-4.57) 0.15
Source Control (Yes vs. No) 3.50 (1.50-8.17) 3 3.10 (1.30-7.38) 0.01
Appropriate Empirical Therapy (Yes vs. No) 2.10 (1.00-4.41) 0.05 1.95 (0.90-4.22) 0.09
Charlson Comorbidity Index (per 1-point decrease) 1.15 (0.98-1.35) 0.08 1.12 (0.95-1.32) 0.17
Prior Antibiotic Use (No vs. Yes) 1.90 (0.95-3.80) 0.07 1.70 (0.80-3.61) 0.17

*Adjusted for all variables with a univariate p-value <0.1.
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are highly correlated with each other and with
overall illness severity and thus, including multi-
ple highly correlated individual comorbidities can
lead to multicollinearity, which inflates standard
errors and makes the interpretation of individual
coefficients unstable. Factors indicative of severe
illness, such as ICU admission, showed a signifi-
cant negative association with success. After ad-
justing for variables with a univariate p<0.1,
source Control remained the strongest independ-
ent predictor of clinical success (aOR: 3.10; 95% CI:
1.30-7.38; p=0.01). Additionally, receiving appro-
priate empirical therapy showed a strong trend
towards independently predicting success (aOR:
1.95; 95% CI: 0.90-4.22; p=0.09). While ICU admis-
sion demonstrated a strong negative trend
(p=0.06), the association was not independently
significant in the final model, suggesting the ef-
fects of severity are partially captured by the other
factors in the model. The odds of success trended
lower for infections caused by CRE and P. aerugi-
nosa, though neither reached independent signifi-
cance, highlighting IMI/REL’s baseline efficacy
against these targeted pathogens.

B DISCUSSION

This retrospective analysis provides valuable re-
al-world evidence on the efficacy and safety of
imipenem/cilastatin/relebactam for the treat-
ment of Gram-negative bacteremia. The findings
of this study —a clinical success rate of 72.82% and
a 30-day all-cause mortality rate of 11.3% - are
highly encouraging and align well with the limit-
ed but growing body of literature on this agent.
Our stratified analyses revealed that patient out-
comes were strongly influenced by disease sever-
ity, with critically ill patients admitted to the ICU
exhibiting significantly lower clinical success
(57.7%) and higher 30-day mortality (23.1%) com-
pared to non-ICU patients. IMI/REL showed ro-
bust efficacy against key DTR pathogens, achiev-
ing a clinical success rate of 70.73% against Pseu-
domonas aeruginosa and 79.17% against Klebsiella
pneumoniae isolates. Moreover, efficacy was main-
tained against carbapenem-non-susceptible iso-
lates (68.4% clinical success) and specifically CRE
(65.2% clinical success). IMI/REL was generally
well-tolerated, with adverse drug reactions ob-
served in only 4.1% of patients, leading to discon-
tinuation in a mere 1.02% of cases.

The clinical success rate observed in our cohort
(72.82%) is comparable to the 70.2% success rate
reported in a real-world, multicentre observation-
al study of 151 patients with GNB infections treat-
ed with IMI/REL [11]. That study also noted that
factors such as heart failure, prior antibiotic use,
and ICU admission were associated with reduced
odds of clinical success [11]. Our real-world find-
ings contribute to the growing body of evidence
supporting the application of IMI/REL in chal-
lenging clinical scenarios, particularly in settings
like the ICU where the burden of MDR infections
is particularly severe [12]. Effective management
strategies in these environments are increasingly
exploring not only targeted antimicrobial deploy-
ment but also innovative microbial ecological ap-
proaches, such as repopulating beneficial microbi-
ota, to combat MDR threats [13]. The judicious use
of IMI/REL, informed by local epidemiology and
rapid diagnostics, is thus a crucial component of a
comprehensive strategy against escalating resist-
ance [13]. Our cohort, characterized by a high co-
morbidity burden (median Charlson score of 4)
and significant illness severity (median APACHE
II score of 14), mirrors the complexity of the pa-
tient population in which IMI/REL is typically
used. The clinical outcomes also compare favour-
ably with those reported for other newer B-lactam
/B-lactamase inhibitor combinations in similar pa-
tient populations [14, 15]. For instance, studies on
ceftazidime/avibactam (CAZ/AVI) for CRE infec-
tions have reported clinical success rates of 59%
and 65% in severely ill cohorts, as well as a 71%
clinical success rate in another study [16-18]. In
contrast, a study on CAZ/AVI for a less resistant,
non-CRE population found a higher clinical suc-
cess rate of 90.5% [19]. A real-world study on mer-
openem/vaborbactam (MER/VAB) found a clini-
cal success rate of 77% and other retrospective
analyses of MER/VAB reported success rates
ranging from 60% to 75% [20-22]. Ceftolozane/ta-
zobactam (C/T) has shown a clinical success rate
of 62.4% in a high-acuity patient population and
72.6% in a systematic review of cases involving
drug-resistant Pseudomonas aeruginosa respiratory
infections [23, 24].

The low 30-day all-cause mortality rate of 11.3% in
our study compares favourably with outcomes re-
ported for other newer agents. The MER/VAB re-
al-world study reported a 30-day mortality rate of
15.4% [25]. Studies on CAZ/AVI for CRE infec-
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tions reported higher mortality rates, ranging
from 24% to 35% and 32% in-hospital mortality
[26-28]. A retrospective study on C/T for MDR
GNB infections noted a 30-day mortality rate of
17.3% [29]. These comparisons underscore the po-
tential of IMI/REL to improve survival in patients
with severe GNB infections.

The efficacy of IMI/REL is rooted in its unique
mechanism of action. Relebactam’s ability to in-
hibit Ambler Class A and C B-lactamases restores
the activity of imipenem against pathogens that
produce KPCs and AmpCs [30]. The high preva-
lence of P. aeruginosa (63.1%) and K. pneumoniae
(24.6%) in our cohort, coupled with the high rate
of carbapenem-non-susceptibility, provides a clear
rationale for the use of IMI/REL. The fact that the
most common B-lactamases identified in a subset
of our isolates were KPC and AmpC further sup-
ports the targeted use of this agent. The literature
also suggests that IMI/REL retains activity against
some CRE and DTR P. aeruginosa isolates that are
resistant to other newer B-lactams, highlighting
the importance of susceptibility testing to guide
therapy [31]. Resistance to IMI/REL can still
emerge, often mediated by chromosomal factors
such as the loss of outer membrane porins
(OmpK35 and OmpK36) or through AmpC over-
expression [32]. Our patient cohort exhibited a
high rate of prior antibiotic exposure, with 78.8%
of patients having received antibiotics in the 30
days preceding the index culture. This high prev-
alence underscores the significant selection pres-
sure that contributes to the DTR status of the path-
ogens studied. While prior antibiotic use trended
towards being negatively associated with clinical
success in univariate analysis, it did not emerge as
an independent predictor in the final multivariate
model. This suggests that the ultimate success of
IMI/REL therapy and patient survival were more
dominantly influenced by acute, modifiable fac-
tors (like achieving effective source control) and
inherent patient severity (captured by ICU admis-
sion) than by the history of prior antibiotic expo-
sure alone. Nonetheless, the high rate of prior use
remains a core characteristic of populations re-
quiring these last-line agents and confirms their
high baseline risk for complicated outcomes.

The safety profile observed in our study was con-
sistent with the known adverse effects of IMI/REL
[33, 34]. The overall rate of adverse drug reactions
was low (4.1%), with only a minimal number of

patients requiring discontinuation. This is in line
with clinical trial data, which have shown that
IMI/REL is generally well tolerated, with the most
common adverse events being gastrointestinal,
along with potential for central nervous system ef-
fects such as seizures, particularly in patients with
pre-existing conditions or renal impairment [35].

The findings of this study must be viewed within
the context of global antibiotic stewardship ef-
forts. Major infectious disease societies, such as
the Infectious Diseases Society of America (IDSA),
recommend reserving newer BL/BLIs for severe
infections caused by extensively resistant bacteria
[36]. This is a crucial strategy to prevent the rapid
emergence of resistance to these valuable new
agents. The use of IMI/REL in our cohort for bac-
teraemia, a life-threatening condition, aligns with
this guidance. Our findings confirm that the use
of IMI/REL aligns also closely with global antibi-
otic strategies to combat AMR. As a critical thera-
peutic option, IMI/REL addresses the need to
develop new medicines by effectively treating
infections caused by critical priority pathogens
like KPC-producing Enterobacterales and resist-
ant P. aeruginosa. Furthermore, the prudent use of
IMI/REL supports the pillar of optimizing anti-
microbial usage. Its reliable efficacy allows for
targeted salvage therapy in patients who have
failed prior regimens (demonstrated by our 60.8%
success rate in this high-risk subgroup) and facil-
itates regimen consolidation, enabling the discon-
tinuation of unnecessary toxic or broad-spectrum
combination agents. By providing a highly effec-
tive treatment against these severe DTR-GNB,
IMI/REL is a vital tool contributing to the global
goal of reducing mortality and morbidity associ-
ated with drug-resistant infections in high-acuity
settings. While the cost of newer BL/BLI combi-
nations is a significant consideration, cost-effec-
tiveness analyses provide a more nuanced per-
spective. Studies have demonstrated that despite
their high price, these agents can be cost-effective
compared to older, more toxic alternatives like
colistin, due to improved clinical outcomes, re-
duced mortality, and fewer adverse events such
as acute kidney injury [34-38]. The significant use
of inhaled and systemic colistin in our study, even
alongside IMI/REL-susceptible pathogens, was
driven by specific clinical and microbiological im-
peratives in our high-resistance setting. Colistin
was primarily retained as part of empiric wider
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coverage protocols for critically ill patients until
definitive susceptibility was known, or to specifi-
cally target co-infecting pathogens outside the
IMI/REL spectrum, such as Metallo-p-Lactamase
(MBL)-producing organisms or Acinetobacter
baumannii. Furthermore, inhaled colistin was fre-
quently used as an adjuvant therapy in VAP cases
to enhance local drug concentration at the site of
infection. Our study’s finding of a low mortality
rate further supports the value proposition of
IMI/REL, as it can lead to reduced hospital stays
and lower overall healthcare costs associated with
treatment failure.

The retrospective design of this study, while pro-
viding real-world insights, has inherent limita-
tions. The absence of a control group makes it im-
possible to compare IMI/REL directly to other
therapies, and the potential for selection bias and
confounding factors cannot be fully eliminated.
Furthermore, the molecular mechanisms of resist-
ance were only characterized in a subset of iso-
lates, limiting a more granular analysis of treat-
ment outcomes based on specific B-lactamase
types. The retrospective nature of the study may
also lead to gaps in data collection, such as miss-
ing information on patient outcomes beyond the
30-day mark. The single-center design of this
study, while providing robust real-world insights
from a high-acuity setting, is an inherent limita-
tion. The specific local prevalence of resistance
mechanisms (e.g., KPC and AmpC types) and in-
stitutional prescribing practices may influence
outcomes, thus limiting the direct generalizability
of these findings to other diverse geographical
and healthcare settings.

Despite these limitations, this study provides a
robust dataset that can be used to inform clinical
practice and guide future research. Future pro-
spective studies and head-to-head trials with oth-
er newer agents are needed to further define the
optimal role of IMI/REL in the treatment of GNB
bacteraemia [39]. As the AMR crisis continues to
evolve, continuous surveillance and a deep un-
derstanding of real-world outcomes will be es-
sential for preserving the effectiveness of our
most valuable antibiotics. Furthermore, looking
to the future, new Artificial Intelligence (AI)
models are poised to revolutionize the combat
against AMR by leveraging real-world data for
the accelerated discovery and development of
novel antimicrobial compounds [40]. These ad-

vanced computational approaches offer promis-
ing avenues for identifying new targets and opti-
mizing drug candidates, thereby complementing
and expanding upon traditional antimicrobial
research efforts to address the urgent need for
new therapies [40]

In this retrospective analysis of 195 patients with
Gram-negative bacteraemia, IMI/REL demon-
strated a high clinical success rate and a low 30-
day mortality rate, reinforcing its potential as a
highly effective and well-tolerated treatment op-
tion. The findings of this study, particularly in a
complex patient population with a high burden of
comorbidities and resistant pathogens, align with
and expand upon the existing literature. As a cru-
cial component of the strategy to combat AMR,
IMI/REL should be reserved for severe infections
with limited treatment options. The evidence pre-
sented here provides a strong foundation for fu-
ture research and contributes to a more informed
approach to the management of life-threatening
infections caused by multidrug-resistant Gram-
negative bacteria.
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