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a b s t r a c t

With an established role in cystic fibrosis and bronchiectasis, nebulized antibiotics are increasingly being
used to treat respiratory infections in critically ill invasively mechanically ventilated adult patients.
Although there is limited evidence describing their efficacy and safety, in an era when there is a need for
new strategies to enhance antibiotic effectiveness because of a shortage of new agents and increases in
antibiotic resistance, the potential of nebulization of antibiotics to optimize therapy is considered of high
interest, particularly in patients infected with multidrug-resistant pathogens. This Position Paper of the
European Society of Clinical Microbiology and Infectious Diseases provides recommendations based on
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology
regarding the use of nebulized antibiotics in invasively mechanically ventilated adults, based on a sys-
tematic review and meta-analysis of the existing literature (last search July 2016). Overall, the panel
recommends avoiding the use of nebulized antibiotics in clinical practice, due to a weak level of evidence
of their efficacy and the high potential for underestimated risks of adverse events (particularly, respi-
ratory complications). Higher-quality evidence is urgently needed to inform clinical practice. Priorities of
future research are detailed in the second part of the Position Paper as guidance for researchers in this
field. In particular, the panel identified an urgent need for randomized clinical trials of nebulized
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antibiotic therapy as part of a substitution approach to treatment of pneumonia due to multidrug-
resistant pathogens. J. Rello, Clin Microbiol Infect 2017;23:629
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.

Introduction

The administration of nebulized antibiotics is formally approved
by regulatory bodies for the management of patients with bron-
chiectasis or cystic fibrosis [1]. However, the clinical challenges
posed by extremely- or pan-drug-resistant Gram-negative patho-
gens are causing significant concern for clinicians, creating situa-
tions reminiscent of the pre-antibiotic era. Therefore, despite
lacking high-quality efficacy and safety data, clinicians worldwide
are increasingly using antibiotic nebulization to optimize the
treatment of respiratory infections in critically ill invasively me-
chanically ventilated adult patients [2,3].

The recommendations of this document, based on the highest-
level available evidence, are intended to provide guidance for cli-
nicians, nurses and respiratory therapists caring for adults under
mechanical ventilation, as well as for antibiotic stewardship doc-
tors and pharmacists. This Position Paper consists of two parts: (a)
evidence-based recommendations developed using Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) methodology [4]; and (b) discussion on future research
priorities.

Methods

Consensus statement

The European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) Study Group for Infections in Critically Ill Pa-
tients (ESGCIP) received approval from the ESCMID Executive
Committee to develop a Position Paper regarding the nebulization
of antibiotics in critically ill invasively mechanically ventilated
adult patients, using GRADE methodology to evaluate the available
evidence.

A Task Force was convened to develop this document, including
critical care, respiratory and internal medicine physicians, anaes-
thesiologists, clinical microbiologists, nurses, pharmacists and
medical education specialists. Panel expert participants were sug-
gested by the chair of the ESGCIP (JRe) and approved by the ESCMID
Executive Committee, based on their previous clinical experience
or on their expertise in clinical trials and publications, ensuring a
true multidisciplinary approach. The systematic search of the
literature, the meta-analysis and the application of the GRADE
methodology were conducted in collaboration with the Iber-
oamerican Cochrane Centre (Barcelona, Spain). No industry input
occurred into the development of this Position Paper and no in-
dustry representatives were present at any meeting. There was no
industry funding for any aspect of this project.

As a complement to this Position Paper providing evidence-
based recommendations, another document compiling the key
practical considerations of antibiotic nebulization was also written
by a panel of experts [5] to help standardization of their delivery to
improve the safety in their administration.

Definition of the review questions

Every member of the panel of experts was asked to indepen-
dently create a list of clinically relevant questions to evaluate the
effects of nebulized antibiotics. All questions were discussed and
re-evaluated by the panel until a consensus of review questions
was reached. Eight questions were finally formulated by the panel,
under the PICO (PopulationeInterventioneComparisoneOutcome)
structure.

Definition of the Population

The targeted population was defined as adult critically ill pa-
tients with a respiratory infection, receiving support with invasive
mechanical ventilation. The respiratory infections considered were
ventilator-associated tracheobronchitis (VAT) and ventilator-
associated pneumonia (VAP). The panel of experts considered se-
vere hospital-acquired pneumonia requiring invasive mechanical
ventilation to be equivalent to VAP for the purposes of evaluating
the use of nebulized antibiotic therapy. The susceptibility pattern of
the pathogens was simplified to being susceptible or resistant
(including multidrug- (MDR), extensively drug- or pandrug-
resistant bacteria, as defined by the CDC [6]). Mechanical ventila-
tion could be provided through any kind of invasive artificial airway
(nasotracheal tube, orotracheal tube or tracheostomy).

Definition of the Intervention

The interventionwas defined as the administration of nebulized
antibiotics, such as ceftazidime, colistin or aminoglycosides. Anti-
biotic delivery needed to be performed with devices generating
particles <5 mm in diameter (jet nebulizers, ultrasonic nebulizers or
vibrating-mesh nebulizers) as is required to reach the lung
parenchyma.

Two different strategies of administration were considered
clinically relevant (Table 1):

(a) Adjunctive strategy: nebulized colistin or aminoglycosides
administered to patients already receiving intravenous (IV)
colistin or aminoglycosides, added to standard first-line IV

Table 1
Different strategies considered regarding the administration of nebulized antibiotics

Strategy Intervention Comparison

Adjunctive First-line IV antibiotics þ IV colistin / aminoglycosides þ Nebulized
colistin / aminoglycosides

First-line IV antibiotics þ IV colistin / aminoglycosides

Substitution First-line IV antibiotics þ Nebulized colistin / aminoglycosides First-line IV antibiotics þ IV colistin / aminoglycosides

Abbreviation: IV, intravenous.
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