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ABSTRACT

Pneumonia in invasively ventilated patients is a significant concern in the intensive care unit (ICU), often associated with increased morbidity,
prolonged hospital stays, and high mortality rates. The emergence of multidrug-resistant (MDR) pathogens further complicates management. Inhaled
antibiotics (IABs) have gained attention as an adjunctive or alternative treatment modality to systemic antibiotics, offering direct drug delivery to the
lungs with potentially enhanced efficacy and reduced systemic toxicity. This review explores the role of inhaled antibiotics in treating pneumonia in
invasively ventilated patients, focusing on pharmacological considerations, clinical efficacy, safety profiles, and limitations. Relevant evidence is
derived from databases such as PubMed, Scopus, Web of Science, and Google Scholar, incorporating the latest studies and clinical trials to provide a
comprehensive understanding.
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INTRODUCTION

Ventilator-associated pneumonia (VAP) is one of the most common
nosocomial infections among ICU patients receiving invasive
mechanical ventilation. VAP not only contributes to increased ICU
stays and healthcare costs but is also linked to elevated morbidity and
mortality rates. Multidrug-resistant (MDR) pathogens, such as
Pseudomonas aeruginosa and Acinetobacter baumannii, are often
implicated in VAP, rendering standard antibiotic regimens less
effective (1, 2). Traditional systemic antibiotic therapies face
limitations, including suboptimal lung penetration and significant
systemic side effects. Inhaled antibiotics have emerged as a promising
alternative, providing high localized drug concentrations directly to
the site of infection while minimizing systemic exposure. This review
evaluates current evidence regarding the use of inhaled antibiotics for
pneumonia in invasively ventilated ICU patients, addressing their
pharmacological mechanisms, clinical efficacy, safety profiles,
limitations, and future directions.

Pathophysiology of Ventilator-Associated Pneumonia

VAP occurs when pathogens colonize the lower respiratory tract and
alveoli in patients undergoing mechanical ventilation. Risk factors
include prolonged intubation, impaired mucociliary clearance, and
aspiration of oropharyngeal secretions. Biofilm formation on
endotracheal tubes further complicates eradication, often requiring
targeted antibiotic therapy (3). The rising prevalence of MDR
pathogens has led to an urgent need for novel therapeutic approaches,
including inhaled antibiotics.

Mechanisms of Pathogen Resistance

The increased prevalence of MDR organisms complicates treatment
regimens for VAP. Resistance mechanisms include:

1. Efflux Pumps: Actively remove antibiotics from bacterial
cells, reducing drug efficacy (4).

2. Enzymatic Degradation: Pathogens like Klebsiella
pneumoniae produce beta-lactamases that neutralize beta-
lactam antibiotics (5).

3. Altered Target Sites: Mutations in bacterial ribosomes or
penicillin-binding proteins reduce drug binding (6).

Understanding these mechanisms is crucial for developing effective
antibiotic regimens, including inhaled therapies targeting resistant
pathogens.

Pharmacokinetics and Pharmacodynamics of Inhaled Antibiotics
Inhaled antibiotics achieve high local concentrations within the lung
parenchyma and bronchial secretions while bypassing systemic
circulation. This targeted approach is especially beneficial for ICU
patients with MDR infections, where systemic antibiotics often fail to
achieve therapeutic concentrations in the lungs. Commonly used
inhaled antibiotics include:

e Aminoglycosides: Tobramycin and amikacin have
demonstrated efficacy against gram-negative organisms,
including Pseudomonas aeruginosa.

e Polymyxins: Inhaled colistin is frequently used for MDR
gram-negative pathogens.

e  Beta-lactams: Investigational inhaled formulations of
ceftazidime and imipenem are under study for enhanced
safety profiles.

The choice of nebulization device significantly influences drug
deposition. Vibrating mesh and ultrasonic nebulizers are preferred due
to their ability to produce fine aerosol particles that enhance drug
delivery to the distal airways (7,8). However, factors such as ventilator
settings, airway anatomy, and patient-specific variables can affect
drug distribution and efficacy. The bioavailability of inhaled
antibiotics is a key determinant of clinical outcomes, with local tissue

[Citation: Abdelrahman, B.A., Rana, M.A., Awad, A.H.A., Abdelbaky, A.M., Elmasry, W.G., Siddiqui, M.H., Ahmad, M. (2024). Inhaled
antibiotics for treating pneumonia in invasively ventilated patients in the intensive care unit. Pak. J. Inten. Care Med. 2024: 33. doi:

https://doi.org/10.54112/pjicm.v3i02.33]



http://www.pjicm.com/
https://doi.org/10.54112/pjicm.v4i02.33
https://doi.org/10.54112/pjicm.v4i02.33
https://doi.org/10.54112/pjicm.v3i02.33
file:///C:/Users/Hp/OneDrive/Desktop/New%20folder/babdulrahman@ksmc.med.sa
https://doi.org/10.54112/pjicm.v4i02.33

Pak. J. Inten. Care Med., 2024: 33

Abdelrahman et al., (2024)

concentrations often exceeding those achievable by intravenous
administration (9).

Nebulization Techniques

Nebulization efficiency depends on the technology employed. The
most common methods include:

1. Jet Nebulizers: Economical but less efficient due to high
residual drug loss (10).

2. Vibrating Mesh Nebulizers: Provide consistent droplet
sizes, improving deep lung penetration (11).

3. Ultrasonic Nebulizers: Efficient but limited by potential
drug degradation from heat generation (12).

Clinical Evidence and Efficacy

Several clinical studies and meta-analyses have investigated the
efficacy of inhaled antibiotics in managing pneumonia in
mechanically ventilated patients:

Adjunctive Therapy

RCTs and cohort studies have demonstrated the benefits of using
inhaled antibiotics as adjunctive therapy alongside systemic
antibiotics:

1. A prospective RCT showed that adjunctive inhaled colistin
significantly reduced bacterial load and improved clinical
outcomes in patients with MDR Pseudomonas aeruginosa
pneumonia (13).

2. A meta-analysis of 12 studies reported that combining
inhaled and systemic aminoglycosides led to improved
microbiological eradication rates compared to systemic
therapy alone (14).

3. A systematic review found that adjunctive therapy was
associated with reduced ventilator days and ICU length of
stay (15).

Monotherapy
Evidence supporting inhaled antibiotics as monotherapy remains
limited:

1. Anobservational study found comparable clinical cure rates
between inhaled tobramycin and systemic antibiotics in
patients with mild VAP caused by susceptible pathogens
(16).

2. Monotherapy is generally not recommended for critically ill
patients due to the risk of treatment failure and resistance
development (17).

MDR Pathogens
Inhaled antibiotics have shown particular efficacy in cases involving
MDR pathogens:

1. A cohort study demonstrated a significant reduction in
ventilator days and ICU stay among patients treated with
inhaled colistin for MDR gram-negative infections (18).

2. Inhaled amikacin-fosfomycin combination therapy has been
explored as a salvage therapy for MDR and extensively
drug-resistant (XDR) infections, showing promising results
in preliminary trials (19).

Safety and Adverse Effects

Inhaled antibiotics are generally well-tolerated, with fewer systemic
side effects compared to intravenous therapy. Commonly reported
adverse effects include:

1. Bronchospasm: Pre-treatment with bronchodilators can
mitigate this risk.

2. Airway Irritation: Symptoms such as cough and mild
throat irritation are common but transient.

3. Nebulizer-Related Issues: Contamination and device
malfunction pose risks that necessitate stringent infection
control measures (20,21).

Other less common adverse effects include nephrotoxicity and
ototoxicity, particularly with aminoglycosides, but these are rare with
inhaled formulations (22).

Special Populations

Efficacy and safety profiles may vary in certain patient populations:

1. Pediatric Patients: Limited data exist, but inhaled
antibiotics are generally considered safe with appropriate
dosing adjustments (23).

2. Patients with Renal Impairment: Inhaled therapies reduce
systemic exposure, offering a safer alternative for those at
risk of nephrotoxicity (24).

Limitations and Challenges
Despite their potential, inhaled antibiotics face several challenges:

1. Limited Penetration: Severe lung consolidation can
impede drug delivery to infected areas.

2. Heterogeneous Study Designs: Variability in patient
populations, drug regimens, and delivery methods
complicates evidence synthesis.

3. Resistance Development: Prolonged or inappropriate use
may promote resistance in respiratory and systemic
pathogens.

4. Cost and Accessibility: High costs and limited availability
of advanced nebulization devices can restrict widespread
use (25,26).

Future Directions and Recommendations
To optimize the role of inhaled antibiotics in treating VAP, future
research should focus on:

e Conducting large-scale RCTs to establish standardized
dosing regimens.

e Developing novel formulations with enhanced stability and
lung penetration.

e Assessing long-term outcomes, including resistance
patterns and cost-effectiveness analyses.

e  Exploring combination therapies to improve efficacy
against MDR and XDR pathogens.

Evaluating the role of inhaled antibiotics in prophylaxis against VAP
(27,28).

CONCLUSION

Inhaled antibiotics offer a promising alternative for managing
pneumonia in invasively ventilated ICU patients, particularly those
with MDR infections. While current evidence supports their use as
adjunctive therapy, further high-quality research is needed to establish
their role as a standard of care. Clinicians should consider patient-
specific factors, pathogen susceptibility, and local resistance patterns
when incorporating inhaled antibiotics into treatment protocols..
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