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Abstract

Background: Carbapenem-resistant Pseudomonas aeruginosa (CRPA) is an emerging multidrug-resistant
pathogen in intensive care units (ICUs), particularly in cases of ventilator-associated pneumonia (VAP). Its
resistance limits therapeutic options and is linked to poor clinical outcomes, including prolonged hospital stays
and increased mortality. This study aimed to detect CRPA in VAP patients and evaluate its impact on clinical
outcomes in a tertiary care hospital.

Materials and Methods: A prospective observational study was conducted over 12 months in the ICU of a
tertiary care teaching hospital. Adult patients (=18 years) meeting the Centers for Disease Control and
Prevention (CDC) diagnostic criteria for VAP and with culture-confirmed Pseudomonas aeruginosa were
included. Endotracheal aspirates and bronchoalveolar lavage specimens were collected under aseptic
precautions and processed using standard microbiological techniques. Carbapenem resistance was determined
by disc diffusion and confirmed by minimum inhibitory concentration (MIC) testing as per CLSI guidelines.
Demographic data, comorbidities, treatment regimens, length of ICU stay, and patient outcomes were recorded.
Statistical analysis was performed using SPSS v26.0, with p-values <0.05 considered significant.

Results: A total of 96 patients with culture-confirmed P. aeruginosa VAP were included. The prevalence of
carbapenem resistance was 38.5% (n = 37). Patients with CRPA had a significantly longer mean ICU stay (18.4
+ 5.3 days) compared to those with carbapenem-sensitive isolates (12.6 + 4.1 days, p<0.001). The overall
mortality rate was 39.5% in the CRPA group versus 18.6% in the sensitive group (p=0.021). Multivariate
analysis identified CRPA infection, presence of septic shock, and higher APACHE II scores as independent
predictors of mortality (p<0.05).

Conclusion: CRPA is a significant pathogen in VAP, associated with prolonged ICU stay and higher mortality.
Early detection, strict infection control measures, and judicious antibiotic stewardship are essential to limit its
spread and improve patient outcomes.

Keywords: Ventilator-Associated Pneumonia, Pseudomonas Aeruginosa, Carbapenem Resistance, Intensive
Care Unit, Mortality, Clinical Outcomes.
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Introduction

Ventilator-associated pneumonia (VAP) is one of
the most common hospital-acquired infections in
intensive care units (ICUs), typically developing
after 48 hours of mechanical ventilation [1]. It is
associated with increased morbidity, prolonged
ICU stays, higher healthcare costs, and substantial
mortality [2,3]. Among the bacterial pathogens
implicated in VAP, Pseudomonas aeruginosa is
particularly concerning due to its intrinsic
resistance to multiple antibiotics and its ability to
acquire new resistance mechanisms [4,5]. In recent
years, the emergence of carbapenem-resistant
Pseudomonas aeruginosa (CRPA) has posed a
serious therapeutic challenge. Carbapenems, such
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as imipenem and meropenem, are often used as
last-line agents for treating multidrug-resistant
Gram-negative infections [6]. Resistance to these
agents in P. aeruginosa can result from multiple
mechanisms, including production of carbapenem-
hydrolyzing enzymes, efflux pump overexpression,
and porin channel alterations [7,8]. The prevalence
of CRPA varies widely across regions, with higher
rates reported from ICUs in developing countries
due to limited antimicrobial stewardship, high
antibiotic pressure, and lapses in infection control
practices [9]. Infections caused by CRPA are
associated with limited therapeutic options, often
necessitating the use of polymyxins, aminoglyco

International Journal of Current Pharmaceutical Review and Research

175


http://www.ijcpr.com/

International Journal of Current Pharmaceutical Review and Research

sides, or combination regimens, which may be less
effective and more toxic. Clinical outcomes of
VAP due to CRPA are generally poorer than those
caused by susceptible strains, with studies reporting
higher rates of treatment failure, longer ICU stays,
and increased mortality. Early detection of
carbapenem resistance, along with targeted
antimicrobial therapy and stringent infection
control, is therefore critical to reducing adverse
outcomes.

The present study was undertaken to determine the
prevalence of CRPA in patients with VAP in a
tertiary care ICU and to assess its impact on key
clinical outcomes, including ICU length of stay and
mortality.

Materials and Methods

Study Design and Setting: A prospective
observational study was conducted in the adult
intensive care unit (ICU) of a tertiary care teaching
hospital over a 12-month period (January—
December 2024).

Study Population: The study included all
mechanically ventilated adult patients (>18 years)
who developed ventilator-associated pneumonia
(VAP) and had culture-confirmed Pseudomonas
aeruginosa isolated from respiratory specimens.

Inclusion Criteria

o Patients fulfilling the Centers for Disease
Control and Prevention (CDC) diagnostic
criteria for VAP

e Growth of Pseudomonas aeruginosa in
endotracheal aspirate (ETA) or
bronchoalveolar lavage (BAL) cultures

e Availability of complete clinical and
microbiological data

Exclusion Criteria

o Patients with pneumonia prior to initiation of
mechanical ventilation

o Polymicrobial cultures where P. aeruginosa
was not the predominant pathogen

o Repeat isolates from the same patient during
the same VAP episode

Sample Collection and Processing: Endotracheal
aspirates or bronchoalveolar lavage specimens
were collected under aseptic precautions.
Quantitative culture methods were used, and
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isolates were identified as Pseudomonas aeruginosa
using standard biochemical tests and confirmed
with an automated identification system (e.g.,
VITEK 2).

Antimicrobial Susceptibility Testing: Initial
screening for carbapenem resistance was performed
using the Kirby—Bauer disc diffusion method with
imipenem (10 pg) and meropenem (10 ug) discs.
Minimum inhibitory concentrations (MICs) were
determined by broth microdilution, and results
were interpreted according to Clinical and
Laboratory Standards Institute (CLSI) 2024
guidelines. Isolates resistant to either imipenem or
meropenem were classified as carbapenem-resistant
Pseudomonas aeruginosa (CRPA).

Data Collection: Demographic details, comorbid
conditions, APACHE 1II scores, presence of septic
shock, antibiotic therapy, ICU length of stay, and
final patient outcomes were recorded.

Outcome Measures: Primary outcomes included
ICU length of stay and all-cause mortality.
Secondary outcomes included the need for
mechanical ventilation beyond 14 days and the
occurrence of septic shock during hospitalization.

Statistical Analysis: Data were entered into
Microsoft Excel and analysed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as mean + standard
deviation (SD), and categorical variables as
numbers and percentages. Comparisons between
CRPA and carbapenem-sensitive P. aeruginosa
(CSPA) groups were made using the Chi-square
test for categorical variables and Student’s t-test for
continuous variables. Logistic regression analysis
was performed to identify independent predictors
of mortality. A p-value <0.05 was considered
statistically significant.

Results: A total of 96 patients with culture-
confirmed Pseudomonas aeruginosa ventilator-
associated pneumonia (VAP) were included in the
study. The mean age was 58.4 + 12.7 years, and
64.6% were male. The mean APACHE II score at
ICU admission was 20.8 +4.5.

Prevalence of Carbapenem Resistance: The
prevalence of carbapenem-resistant Pseudomonas
aeruginosa (CRPA) among isolates was 38.5% (n =
37). The remaining 61.5% (n = 59) were
carbapenem-sensitive (CSPA) (Table 1).

Table 1: Distribution of CRPA and CSPA among Pseudomonas aeruginosa VAP cases (n = 96)

Isolate type Frequency (n) Percentage (%)
CRPA 37 38.5
CSPA 59 61.5

Comparison of Clinical Characteristics: Patients
with CRPA infection had a higher proportion of
comorbidities such as diabetes mellitus (54.1%)
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and chronic obstructive pulmonary disease (37.8%)
compared to the CSPA group. The difference in
APACHE 1I scores between CRPA and CSPA
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patients was statistically significant (p=0.014)
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(Table 2).

Table 2: Baseline characteristics of CRPA vs. CSPA patients

Variable CRPA (n=37) CSPA (n=59) p-value
Mean age (years) 59.7+£119 57.6+£13.2 0.412
Male sex (%) 25 (67.6) 37 (62.7) 0.628
Diabetes mellitus (%) 20 (54.1) 21 (35.6) 0.048*
COPD (%) 14 (37.8) 13 (22.0) 0.091
Mean APACHE II score 22.1+43 19.9+4.5 0.014*

*Student’s t-test or Chi-square test; * statistically significant

Impact on Clinical Outcomes: CRPA infections
were associated with a significantly longer ICU
stay (18.4 = 5.3 days) compared to CSPA (12.6 +
4.1 days, p<0.001). Mortality in the CRPA group
was 39.5%, which was significantly higher than the

18.6% observed in the CSPA group (p=0.021). The
occurrence of septic shock was also higher in
CRPA cases (32.4%) than in CSPA (15.3%) (Table
3).

Table 3: Clinical outcomes in CRPA vs. CSPA patients

QOutcome CRPA (n=37) CSPA (n=59) p-value
Mean ICU stay (days) 184+53 12.6 £4.1 <0.001*
Mortality (%) 15 (39.5) 11 (18.6) 0.021*
Septic shock (%) 12 (32.4) 9(15.3) 0.049*
Ventilation >14 days (%) 18 (48.6) 15(25.4) 0.018*

*Student’s t-test or Chi-square test; * statistically significant

In summary, CRPA was detected in over one-third
of P. aeruginosa VAP cases and was associated
with longer ICU stays, higher mortality, and
increased risk of septic shock compared to CSPA
infections (Tables 1-3).

Discussion

This study found a prevalence of carbapenem-
resistant Pseudomonas aeruginosa (CRPA) of
38.5% among ventilator-associated pneumonia
(VAP) cases, which is higher than rates reported in
some European surveillance studies (15-25%) [1,2]
but similar to findings from other developing
countries, where prevalence often exceeds 30%
[3,4]. The high rate in our ICU likely reflects heavy
carbapenem usage, prolonged hospital stays, and
cross-transmission ~ due  to  environmental
persistence of P. aeruginosa.

The predominance of comorbid conditions such as
diabetes mellitus and chronic  obstructive
pulmonary disease among CRPA cases mirrors
previous reports indicating that underlying illness
and  immunocompromised  states  increase
susceptibility to multidrug-resistant P. aeruginosa
infections [5,6].

The significantly higher APACHE II scores in
CRPA patients suggest greater baseline severity of
illness, which may contribute to poorer outcomes.
Our findings demonstrated a substantial clinical
impact of CRPA infections, with longer ICU stays
(184 + 5.3 days) and higher mortality (39.5%)
compared to carbapenem-sensitive P. aeruginosa
(CSPA). Similar trends have been described in
multicentre cohort studies, where CRPA VAP was
associated with excess mortality of 15-20% and
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increased healthcare costs [7,8]. Mortality in CRPA
is likely multifactorial, involving delayed initiation
of effective therapy, limited antibiotic options, and
the pathogen’s enhanced virulence potential [9,10].

The strong association between CRPA and septic
shock (32.4%) aligns with earlier studies showing
that multidrug resistance in Gram-negative bacteria
correlates with a higher incidence of severe sepsis
and organ dysfunction [11]. Additionally, the
increased  proportion of patients requiring
mechanical ventilation for more than 14 days in the
CRPA group indicates the pathogen’s role in
prolonging respiratory support needs [12].

From a microbiological standpoint, carbapenem
resistance in P. aeruginosa may result from
metallo-f-lactamase production, upregulated efflux
pumps, or loss of OprD porin channels [13].

These mechanisms often coexist, conferring
resistance to multiple antibiotic classes and making
treatment challenging.

Emerging  therapeutic ~ options  such  as
ceftolozane/tazobactam and cefiderocol show
promise, but cost, availability, and the risk of
further resistance remain concerns [14].The
findings of this study underscore the urgent need
for targeted infection prevention strategies,
including antimicrobial stewardship, environmental
decontamination, and strict adherence to ventilator
care bundles [15]. Rapid diagnostic testing for
resistance markers and early optimization of
antibiotic regimens could improve outcomes in
CRPA-associated VAP.
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Conclusion

Carbapenem-resistant Pseudomonas aeruginosa is a

significant

pathogen in ventilator-associated

pneumonia, contributing to longer ICU stays,
higher mortality, and increased risk of septic shock.

Early detection,

strict infection control, and

optimized antimicrobial stewardship are essential
to improving patient outcomes.
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