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Abstract

Introduction: This meta-analysis evaluates the correlation between carbapenem antibiotic use and the incidence of carbapenem-resistant
Pseudomonas aeruginosa (CRPA).

Methodology: A comprehensive literature search conducted across multiple databases yielded seven clinical experimental studies involving
4,417 patients. The primary outcomes assessed were the risk factors associated with CRPA infection, drug resistance rates, and the comparison
of resistance rates between meropenem (MEM) and imipenem (IPM). The Newcastle-Ottawa Scale (NOS) was used to assess study quality,
and Egger’s test and funnel plots were used to assess publication bias.

Results: The NOS scores for the included studies ranged between 6 and 8, indicating their generally high quality. The analysis indicated that
prior carbapenem use significantly increased the risk of CRPA infection (OR = 1.866, 95% confidence interval [CI]: 1.164-2.993, p = 0.010).
The drug resistance rates of P. aeruginosa to carbapenems ranged between 21.07% and 37.90%. There was no significant difference in drug
resistance rates between MEM and IPM (risk ratio = 1.09, 95% CI: 0.99-1.21, p = 0.517).

Conclusions: With drug resistance rates between 21.07% and 37.90%, these findings suggest that carbapenem use is associated with an

increased risk of CRPA infection, highlighting the need for the judicious use of these antibiotics in clinical practice.
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Introduction

Pseudomonas aeruginosa is a ubiquitous gram-
negative bacterium known for its remarkable
adaptability and intrinsic resistance to multiple
antibiotics [1]. It is a leading cause of nosocomial
infections, particularly in immunocompromised
patients and those with severe underlying diseases [2].
The concept of heteroresistance, wherein a subset of the
bacterial population exhibits resistance to an antibiotic
while the majority remains susceptible, adds another
layer of complexity to the phenomenon of carbapenem
resistance in P. aeruginosa [3]. This heterogeneity in
resistance profiles can lead to treatment failures and
complicate the interpretation of susceptibility testing
results [4]. The emergence and spread of carbapenem-
resistant P. aeruginosa (CRPA) strains has become a
global health concern, posing significant challenges in
clinical treatment and infection control [5].

Carbapenems, including meropenem (MEM) and
imipenem (IPM), are often considered the last line of
defence against multidrug-resistant gram-negative

bacteria [6]. However, the increasing prevalence of
CRPA threatens the efficacy of these crucial antibiotics
[7]. The mechanisms of carbapenem resistance in P.
aeruginosa are complex and multifactorial, involving
the production of carbapenemases, efflux pump
overexpression, and alterations in outer membrane
proteins [8].

The relationship between carbapenem use and the
development of resistance in P. aeruginosa has been
extensively studied and yielded conflicting findings [9].
Although some studies have reported a strong
association between prior carbapenem exposure and the
emergence of CRPA [10], others have found
contradictory results suggesting that prior antibiotic use
was not associated with the acquisition of high-MEM-
level-resistant P. aeruginosa [11]. Despite the growing
body of research on CRPA, there remains a need for a
comprehensive analysis of the available evidence to
elucidate the relationship between carbapenem use and
the incidence of resistance. Previous meta-analyses
have focused on specific aspects of CRPA, such as
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treatment outcomes or risk factors for acquisition, but
few have specifically addressed the correlation between
carbapenem use and resistance development [12,13].
Understanding this relationship is crucial for
developing effective antibiotic stewardship
programmes and preventing the further spread of
resistance.

This meta-analysis aims to evaluate the link
between carbapenem antibiotic use and the incidence of
CRPA. By synthesising data from high-quality clinical
studies, it seeks to provide a clearer understanding of
CRPA infection risk factors, the prevalence of
carbapenem resistance in P. aeruginosa, and the
resistance rates of different carbapenem antibiotics. The
findings will contribute to guiding antibiotic
prescription and infection control strategies employed
in the management of P. aeruginosa infections.

Methodology
Search Strategy

A comprehensive literature search was conducted
across multiple databases to identify relevant studies
investigating the correlation between carbapenem
antibiotic use and the incidence of CRPA. The
databases searched included PubMed, the Cochrane
Library, Web of Science, China National Knowledge
Infrastructure (CNKI), and Wanfang. The search terms

Figure 1. Flow chart of literature screening.

Records identified through database
searching

(n =205, PubMed =9, Cochrane
Library = 1, Web of science = 39, CNKI
database = 4, Wanfang database =
109)

c
=2
=
3
=
=1
=
[}
=

Records after duplicates removed After reading the title of the
(n=115) article excluded (n = 74)

[
=
‘c Records screened After reading the abstract of
(7] i .
o (n=41) the article excluded (n = 32)
a
Full-text articles assessed for Full-text articles excluded
eligibility (n=9) (n=2); 2 unavailable

Studies included in Qualitative
synthesis (n =7)

J Infect Dev Ctries 2025; 19(9):1377-1383.

used were ‘Pseudomonas aeruginosa’, ‘carbapenems
heteroresistance’, ‘drug resistance’, ‘carbapenems’, and
‘antibiotics’, as well as their Chinese equivalents.
Relevant literature was searched from inception to
September 2024.

Inclusion and Exclusion Criteria

Studies were included if they met the following
criteria: (1) a clinical experimental research design; (2)
an investigation of carbapenem use and CRPA
incidence; (3) the reporting of at least one of the
following outcomes: risk factors for CRPA infection,
drug resistance rates or a comparison of resistance rates
between different carbapenems; and (4) full-text
availability. Studies were excluded if they were non-
clinical, did not focus on P. aeruginosa or carbapenem
resistance, or did not report relevant outcome measures.
Duplicate literature was also excluded.

Study Selection and Data Extraction

Two independent reviewers screened the titles and
abstracts of the identified studies. Full texts of
potentially eligible studies were then assessed for
inclusion. Disagreements were resolved through
discussion or consultation with a third reviewer. Data
extraction was performed using a standardised form
that included study characteristics (e.g. author, year,
sample size, and study design), the types of
carbapenems studied, the quality control strains used,
and outcome measures.

Quality Assessment

The quality of the included studies was assessed
using the Newcastle-Ottawa Scale (NOS) for clinical
experimental studies. This scale evaluates studies based
on selection, comparability, and outcome assessment.
Studies with scores of 6 or higher were considered to be
of high quality [14].

Statistical Analysis

Meta-analyses were conducted using RevMan 5.3
software. The primary outcomes assessed were the risk
factors associated with CRPA infection, drug resistance
rates, and the comparison of resistance rates between
MEM and IPM. For dichotomous outcomes (drug
resistance rates), risk ratios (RRs) with 95% confidence
intervals (CI) were computed. For continuous
outcomes, mean differences or standardised mean
differences were calculated as appropriate. Random
effects models were used in anticipation of
heterogeneity among the studies. Heterogeneity was
assessed using the I? statistic, with values >50%
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Table 1. Basic characteristics of included literature.

Total Type of
Author (year) Type of study number Carbapenems
Ma 2019 [15] Clinical experimental 169 Merqpenem,
research Imipenem
Yuan 2017 [16] Clinical experimental 179 )
research
Xiong 2013 [17] Clinical experimental =, Imipenem
research
He 2012 [18] Clinical experimental =3¢ Imipenem
research
Fei 2010 [19] Clinical experimental 162 Merqpenem,
research Imipenem
Howard-Anderson 2022  Clinical experimental
143 -
[20] research
Bergen P 2011 [21] Clinical experimental 5 Merqpenem,
research Imipenem

indicating substantial heterogeneity. Publication bias
was evaluated using Egger’s test and funnel plots.

Results
Study Selection and Characteristics

An initial database search identified 205 records
(109 from Wanfang, 47 from CNKI, 39 from Web of
Science, 9 from PubMed, and 1 from the Cochrane
Library). After removing duplicates, 115 records
remained for screening. Following a title and abstract
review, 74 articles were excluded, leaving 41 for full-
text  assessment.  Ultimately, seven clinical
experimental studies met the inclusion criteria and were
included in the meta-analysis (Figure 1).

The seven included studies involved a total of 4,417
patients or isolates. Sample sizes ranged between 5 and
2,521. The studies investigated various types of
carbapenems, with MEM and IPM being the most
common. The quality control strain ATCC27853 was
used in two studies, and NOS scores for the included
studies ranged between 6 and 8, indicating their
generally high quality (Table 1).

Risk Factors for Carbapenem-Resistant Pseudomonas
aeruginosa Infection

Two studies reported risk factors associated with
CRPA infection using logistic regression analysis. Ma
et al. (2019) [15] found that prior carbapenem use was
associated with an increased risk of CRPA infection,
although the result was not statistically significant (OR
=1.268, p = 0.529). Yuan et al. (2017) [16] reported a
significant association between prior carbapenem use
and CRPA infection (OR = 1.866, 95% CI: 1.164—
2.993, p=0.010) (Table 2).

Other risk factors identified in these studies
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Quality c'ontrol Exposure factors NOS score
strain
The comorbid conditions, invasive
ATCC27853 procedures, detection of multiple 7
pathogens
Stay in Department of
Neurosurgery, prior carbapenem
CRPA, CSPA use, peripherally inserted central 7
catheter, nasal feeding, and
mechanical ventilation
PA drug resistance, multi-drug 6
resistance, pan-resistant strains
PA the rate of resistance to imipenem 6
PA the rate of resistance to imipenem 6
CRPA the rate of resistance to imipenem 7
ATCC27853 drug resistance, multi-drug 3

resistance, pan-resistant strains

included comorbid conditions, invasive procedures, the
detection of multiple pathogens, stays in the department
of neurosurgery, peripherally inserted central catheter
use, nasal feeding, and mechanical ventilation.
However, these factors were not consistently reported
across the studies, precluding meta-analysis.

Drug Resistance Rates

Three studies reported the drug resistance rates of
P. aeruginosa to carbapenems. Xiong et al. (2013) [17]
found a resistance rate of 21.07% among 782 isolates (p
< 0.05). He et al. (2012) [18] reported a higher
resistance rate of 37.90% among 1,238 isolates. Fei et
al. (2010) [19] observed a resistance rate of 31.70%
among 102 isolates (p < 0.01) (Table 3).

The variation in resistance rates across these studies
may be attributed to differences in study populations,
geographical locations, and the carbapenems studied.
The overall trend suggests a high prevalence of
carbapenem resistance in P. aeruginosa, ranging
between approximately one-fifth and over one-third of
isolates.

Table 2. Risk factors (Prior carbapenem use) associated with
carbapenem-resistant P. aeruginosa infection by logistic stepwise
regression analysis.

Author (year) OR p 95% CI
Ma 2019 1.268 0.529 -
Yuan 2017 1.866 0.010 1.164-2.993

Table 3. The comparison of PA separation rate and drug resistance
rate.
Drug resistance

Author (year) PA rate (%) )4
Xiong (2013) 782 21.07 <0.05
He (2012) 1238 37.90 -

Fei (2010) 102 31.70 <0.01
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Comparison of Resistance Rates between Meropenem
and Imipenem

Three studies provided data comparing drug
resistance rates between MEM and IPM. The meta-
analysis revealed no significant difference in resistance
rates between these two carbapenems (RR = 1.09, 95%
CIL: 0.99-1.21, p = 0.517). There was no significant
heterogeneity among the studies (I = 0.0%, p = 0.517)
(Figure 2).

A forest plot (Figure 2) illustrates the individual and
pooled risk ratios for drug resistance between MEM and
IPM. The study by He et al. (2012) [18] contributed the
most weight (92.62%) to the analysis, likely due to its
larger sample size relative to the other included studies.

Publication bias was assessed using a funnel plot
(Figure 3) and Egger’s test. The funnel plot appeared
relatively symmetrical, and Egger’s test revealed no
significant publication bias (p = 0.472) (Figure 4).

Discussion

This meta-analysis examined seven clinical
experimental studies to assess carbapenem resistance in
P. aeruginosa. The findings revealed varying resistance
rates to carbapenems (mainly MEM and IPM) ranging
between 21.07% and 37.90% and indicating a
widespread issue. Prior carbapenem use was identified
as a potential risk factor for CRPA infections, although
other risk factors were inconsistently reported across
studies. A comparison of resistance rates between
MEM and IPM showed no significant difference,
suggesting similar resistance profiles for both drugs.
Overall, this study highlights the significance of
carbapenem resistance as a concern and underscores the
need for continued monitoring and prudent
management of antibiotic use.

Figure 3. Funnel plots of Drug resistance between MEM and IPM.
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Figure 2. Forest plots of Drug resistance between MEM and IPM.
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Risk Factors for Carbapenem-Resistant Pseudomonas
aeruginosa Infection

The analysis of risk factors for CRPA infection
revealed that prior carbapenem use was significantly
associated with an increased risk of developing CRPA
infection. This finding aligns with previous studies
suggesting that antibiotic exposure, particularly to
broad-spectrum agents such as carbapenems, can exert
selective pressure that favours the emergence of
resistant strains [22].

The significant association reported by Yuan et al.
(2017) underscores the importance of judicious
carbapenem use in clinical practice. This result supports
the notion that antimicrobial stewardship programmes
should focus on optimising carbapenem prescription to
mitigate the risk of resistance development [23].

Notably, Ma et al. (2019) reported a non-significant
association between prior carbapenem use and CRPA
infection. This discrepancy highlights the complex
nature of resistance development and suggests that
other factors may also play crucial roles in the
emergence of CRPA [24].

The identification of additional risk factors such as
comorbid conditions, invasive procedures, and the
detection of multiple pathogens emphasises the
multifactorial nature of CRPA infections. These
findings suggest that a comprehensive approach to

Figure 4. Egger-test of Drug resistance between MEM and IPM.
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infection prevention and control that addresses multiple
risk factors may be necessary to effectively reduce the
incidence of CRPA [25].

Drug Resistance Rates

The analysis of drug resistance rates revealed
considerable variation across the studies, with
resistance rates ranging between 21.07% and 37.90%.
This variability may reflect differences in study
populations, geographical locations, and local antibiotic
prescription practices [26].

The observed resistance rates, indicating that a
substantial proportion of P. aeruginosa isolates are
resistant to carbapenems, are concerning. This high
prevalence of resistance poses significant challenges for
clinical management, as carbapenems are often
considered last-resort antibiotics for multidrug-resistant
gram-negative infections [27].

The variation in resistance rates across studies also
highlights the importance of local surveillance
programmes to monitor antibiotic resistance trends.
Such programmes can provide valuable data to guide
empirical antibiotic therapy and inform infection
control strategies [28].

Comparison of Resistance Rates between Meropenem
and Imipenem

The meta-analysis comparing resistance rates
between MEM and IPM revealed no significant
difference between these two carbapenems (RR = 1.09,
95% CI: 0.99, 1.21, p = 0.517). This finding suggests
that P. aeruginosa exhibits similar resistance profiles to
both MEM and IPM.

The lack of a significant difference in resistance
rates between MEM and IPM has important clinical
implications. It suggests that these carbapenems may be
similarly effective (or ineffective) against P.
aeruginosa infections, and the choice between them
may depend on other factors, such as pharmacokinetics,
side effect profiles, and local availability.

However, it is important to note that this analysis
does not account for potential differences in minimum
inhibitory concentrations or the prevalence of
heteroresistance between MEM and IPM. Future
studies investigating these aspects could provide more
nuanced insights into the comparative efficacy of these
carbapenems against P. aeruginosa [29].

Implications for Clinical Practice and Antibiotic
Stewardship

This meta-analysis provides several implications
for clinical practice and antibiotic stewardship. First,

J Infect Dev Ctries 2025; 19(9):1377-1383.

the association between prior carbapenem use and
CRPA infection underscores the need for the judicious
use of carbapenems, with clinicians carefully
considering their necessity and exploring alternative
antibiotics ~ where  appropriate.  Second, the
identification of multiple risk factors for CRPA
infection suggests that a holistic approach to patient
assessment and infection prevention is crucial,
including the minimisation of invasive procedures, the
optimisation of comorbidity management, and the
implementation of strict infection control measures
[30]. The variability in resistance rates across the
studies highlights the importance of local antimicrobial
resistance surveillance, with hospitals and healthcare
systems developing and regularly updating antibiotic
prescription guidelines based on local resistance
patterns [31,32]. While not directly addressed in this
meta-analysis, the concept of heteroresistance in P.
aeruginosa emphasises the need for improved
diagnostic methods and potentially more aggressive
treatment strategies for suspected resistant infections
[33]. Finally, given the high resistance rates observed,
research into effective combination therapies for CRPA
infections, including investigations into synergistic
antibiotic =~ combinations and novel therapeutic
approaches, should be prioritised.

Limitations and Future Directions

Several limitations of this meta-analysis should be
acknowledged. First, the number of included studies
was relatively small, potentially limiting the
generalisability of its findings. Second, heterogeneity in
the study designs, populations, and outcome measures
may have affected the results.

Additionally, this meta-analysis focused primarily
on clinical outcomes and did not extensively explore the
molecular mechanisms of carbapenem resistance in P.
aeruginosa. Future research should aim to integrate
clinical, microbiological, and molecular data to provide
a more comprehensive understanding of CRPA.

Future research directions should encompass a
range of critical areas to address the growing challenge
of CRPA. Large-scale, prospective studies are needed
to investigate the temporal relationship between
carbapenem use and CRPA emergence and provide
valuable insights into the dynamics of resistance
development. Novel diagnostic methods for the early
detection of carbapenem resistance, including
heteroresistance, should be investigated to improve the
timely and accurate identification of resistant strains.
Additionally, research should focus on evaluating
combination therapies and alternative treatment
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strategies for CRPA infections to explore potential
synergistic effects and novel approaches to combat
these challenging infections.

Conclusions

The high prevalence of carbapenem resistance in P.
aeruginosa, ranging between 21.07% and 37.90%,
emphasises the need for effective countermeasures. The
lack of a significant difference in resistance between
MEM and IPM suggests that the choice of carbapenem
should be based on factors other than antimicrobial
activity. This analysis underscores the importance of
judicious carbapenem use, infection control, and
ongoing resistance surveillance to effectively manage
CRPA infections.
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