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ABSTRACT
Introduction  Pre-emptive inhaled antibiotics may 
be effective to reduce the occurrence of ventilator-
associated pneumonia among critically ill patients. 
Meta-analysis of small sample size trials showed a 
favourable signal. Inhaled antibiotics are associated 
with a reduced emergence of antibiotic resistant 
bacteria. The aim of this trial is to evaluate the benefit 
of a 3-day course of inhaled antibiotics among patients 
undergoing invasive mechanical ventilation for more 
than 3 days on the occurrence of ventilator-associated 
pneumonia.
Methods and analysis  Academic, investigator-
initiated, parallel two group arms, double-blind, 
multicentre superiority randomised controlled trial. 
Patients invasively ventilated more than 3 days will be 
randomised to receive 20 mg/kg inhaled amikacin daily 
for 3 days or inhaled placebo (0.9% Sodium Chloride). 
Occurrence of ventilator-associated pneumonia will 
be recorded based on a standardised diagnostic 
framework from randomisation to day 28 and 
adjudicated by a centralised blinded committee.
Ethics and dissemination  The protocol and 
amendments have been approved by the regional 
ethics review board and French competent authorities 
(Comité de protection des personnes Ouest I, 
No.2016-R29). All patients will be included after 
informed consent according to French law. Results 
will be disseminated in international scientific 
journals.
Trial registration numbers  EudraCT 2016-001054-17 
and NCT03149640.

INTRODUCTION
Background and rationale
Ventilator-associated pneumonia (VAP) 
develops in about 5%–25% of intubated 
patients as a consequence of bacterial 
microaspirations leading to tracheobron-
chial colonisation, followed by lung paren-
chymal infection.1–4 This infectious process 
starts at intubation and occurs over several 
days. Whether the initial bacterial spread 
in the tracheobronchial tree has a signifi-
cant impact on patients’ outcome remains 
debated; however, once overt pneumonia 

Strengths and limitations of this study

►► This is the first large scale multicentre study evalu-
ating pre-emptive inhaled antibiotic therapy among 
critically ill patients at risk of ventilator-associated 
pneumonia.

►► Mains strengths are the blinded randomised design 
and the sample size calculation based on current in-
cidence of ventilator-associated pneumonia.

►► The use of 0.9% NaCl nebulisation, unavoidable to 
implement a blinded placebo arm represents a lim-
itation as this may induce clinical effects per se.

►► Diagnosis of ventilator-associated pneumonia, the 
primary outcome, may be considered subjective, 
however, the diagnostic workup has been stan-
dardised and a blinded adjudication committee 
implemented.
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occurs, a significant increase in morbidity and mortality 
is observed with a significant associated healthcare use 
cost.5 6 Thus, after a few days of mechanical ventilation, 
a therapeutic window of opportunity presents for stop-
ping the infectious process before it impacts patients’ 
outcome.7 Several interventions limiting the tracheo-
bronchial spread of bacteria, such as aspiration preven-
tion,8 digestive and/or oral decontamination,9–15 and 
systemic antibiotics are effective to reduce the incidence 
of VAP.5 9 The major drawback of the latter is the risk of 
resistant bacteria selection.16 Indeed, receiving systemic 
antibiotics represents a risk factor for developing VAP 
due to antibiotic resistant bacteria. Conversely, inhaled 
antibiotic therapy presents several potential benefits: (1) 
very high tracheobronchial and pulmonary concentra-
tions, far above the minimal concentration preventing 
resistance emergence,17 18 (2) reduction of systemic 
exposure to antibiotics and19–21 (3) antibiotic deposition 
in the tracheal tube biofilm otherwise out of reach.22 23 
Those benefits have been summarised in a meta-analysis 
showing a positive result of pooled data from five small 
sample size trials in favour of inhaled antibiotics to 
prevent hospital acquired pneumonia.24 Interestingly, 
as opposed to systemic delivery, inhaled antibiotics have 
repeatedly been associated with reduced emergence 
of resistant bacteria, some studies observing a reduced 
use of systemic antibiotics and thus associated selection 
pressure.21 25 Our hypothesis is that a 3-day course of pre-
emptive inhaled amikacin, delivered after 3 days of venti-
lation, will reduce the subsequent incidence of VAP. Our 
objective is to provide high level evidence in this regard 
in order to directly impact patient care to reduce the inci-
dence of VAP and its related morbidity and mortality.

Study objectives
Primary objective: To prove that after the third day of 
invasive mechanical ventilation, a 3-day course of inhaled 
amikacin reduces the incidence of subsequent VAP.

Secondary objectives: To prove that after the third 
day of invasive mechanical ventilation a 3-day course of 
inhaled amikacin:

►► Reduces the incidence of subsequent VAP in the 
subgroup of patients with significant tracheobron-
chial bacterial colonisation at randomisation.

►► Reduces the incidence of subsequent VAP in the 
subgroup of patients with tracheobronchitis at 
randomisation.

►► Reduces the incidence of subsequent VAP due to 
Gram negative bacteria susceptible to amikacin.

►► Reduces clinical signs of tracheobronchial and lung 
infection.

►► Reduces the incidence of ventilator-associated events.
►► Reduces the subsequent use of systemic antibiotics.
►► Speeds up weaning from mechanical ventilation.
►► Reduces the length of stay in the intensive care unit 

(ICU) and in the hospital.
►► Reduces the ICU, hospital, day-28 and day-90 mortality.

►► Is not associated with an increased incidence of acute 
kidney injury (AKI).

To assess the impact of a 3-day course of inhaled amik-
acin on:

►► The incidence of antibiotic-resistant bacteria nosoco-
mial infection.

►► The incidence of rectal carriage of antibiotic resistant 
bacteria.

To evaluate aerosol-related safety.

METHODS AND ANALYSIS
Study setting and trial design
The study is an academic, investigator-initiated multi-
centre parallel two group randomised controlled double-
blind superiority clinical trial assessing the efficacy of 
pre-emptive inhaled amikacin vs placebo on the incidence 
of VAP. Nineteen centres in France are participating in 
recruitment. All centres apply standard VAP preventive 
measures according to current guidelines.

Patient and public involvement
The study protocol development did not involve patients, 
nor were patients involved in recruitment and conduct of 
the study.

Results will be made available to study participants on 
request.

Eligibility criteria
Inclusion criteria

►► Age ≥18 years.
►► Mechanical ventilation through an endotracheal tube 

for more than three consecutive days (72 hours).
►► Written informed consent of the patient or a proxy.
►► French social security coverage.
►► Negative pregnancy test in women of childbearing 

potential.

Non-inclusion criteria
►► Suspected or confirmed VAP the day of inclusion.
►► Clinical indication for systemic aminoglycoside 

therapy the day of inclusion: as deemed necessary by 
the clinician in charge.

►► Stage 2 or 3 Kidney Disease Improving Global 
Outcome (KDIGO) classification AKI the day of inclu-
sion.26 Patients undergoing renal replacement therapy 
or for whom decision has been made to initiate renal 
replacement therapy can be included whatever the 
KDIGO stage.

►► Chronic kidney failure with baseline glomerular filtra-
tion lower than 30 mL/min.

►► Patient scheduled for extubation within the next 
24 hours.

►► Patient ventilated through an endotracheal tube for 
more than four consecutive days (96 hours).

►► Tracheostomy.
►► Patients known to be allergic to aminoglycosides.
►► Myasthenia gravis.
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►► Pregnant or breastfeeding women.
►► Guardianship or trusteeship.
►► Patients previously included in the study.
Patients with COVID-19 were eligible in the study.

Intervention
Figure  1 presents the study outline, interventions and 
data collection time points.

Experimental group
Sulfite-free amikacin powder (Merck génériques, Lyon, 
France) will be solubilised in sterile water (1 g per 8 mL) 
and used for nebulisation once a day during 3 days at a 
dose of 20 mg/kg based on predicted body weight,27 with 
a maximal dose of 2 g.

Control group
A unit dose of saline solution of 0.9% sodium chloride 
(NaCl) will be used as placebo. The equivalent volume of 
0.9% NaCl will be placed in the nebuliser and delivered 
once a day for 3 days.

Nebulisation procedure
Nebulisation will be performed in both randomisation 
groups, using a disposable vibrating mesh nebuliser: 
Aeroneb solo (Aerogen, Galway, Ireland). This nebuliser 
produces droplets compatible with drug lung deposition 
in the setting of invasive mechanical ventilation.21

The nebuliser will be placed upstream of the Y piece, 
a filter will be placed on the expiratory limb to protect 
the ventilator. Two types of circuits will be implemented: 
a dry circuit optimised for aerosol delivery (reference 
2154019, Intersurgical, Wokingham, UK) or a standard 
active heated and humidified circuit (RT380, Fisher & 
Paykel, Auckland, New Zeeland) with or without active 
humidification interruption during nebulisation. Venti-
lator settings, sedation and muscle relaxation during 
nebulisation will be left at the discretion of the attending 
physician. Ventilator mode and settings will not be 
changed for the purpose of the study, however, a standard 
operating procedure will be provided to all participating 
centres with a bedside checklist to ensure optimal nebu-
lisation implementation in terms of safety and efficacy.28 
Nebulisation will not be performed in case of extubation 

or patients meeting AKI exclusion criteria or requiring 
systemic aminoglycosides. In case of reintubation within 
the time frame of planed nebulisation, the latter will be 
performed.

All concomitant care and treatments are authorised 
during the study. Including systemic amikacin (intrave-
nous or oral) delivery after the 3 days of study treatment 
or other inhaled antibiotics after the 3 days of study treat-
ment. Measurement of amikacin serum concentration is 
forbidden up to 48 hours after the end of study treatment 
delivery. Post-trial care is left at the attending physician 
discretion.

Blinding
Blinding will be maintained throughout the trial. 
Blinding will concern: all the trial participants and their 
proxies, all care providers, all outcome assessors, investi-
gators and the members of the adjudication committee. 
In each centre, staff not involved in patient care will be 
unblinded and prepare the study drug. The study drug 
will be charged in the nebuliser in such a way that makes 
it impossible to distinguish amikacin from 0.9% NaCl and 
will be transferred to investigators and care providers for 
administration.

Outcomes
Primary outcome: Incidence of a first episode of VAP 
from randomisation to day 28.

Incidence will be calculated as the ratio of the number 
of patients experiencing a first VAP episode divided by 
the number of randomised patients. VAP definition will 
follow international guidelines2 29: two criteria among the 
following: hyperleucocytosis (≥10 000 leucocytes/mm3) 
or leucopenia (≤4000 leucocytes/mm3) or fever (≥38°C) 
or purulent secretion with a new chest X-ray infiltrate and 
significant quantitative bacterial culture in a pulmonary 
sample (105, 104 or 103 colony forming units per mL in 
a tracheal aspirate, bronchoalveolar lavage fluid or distal 
protected specimen, respectively). VAP diagnostic work 
up will be standardised between centres according to 
international guidelines (table 1).

Bacteriological lung specimen will be obtained, as 
much as possible at distance of any antibiotic adminis-
tration, including nebulisation of study drug on relevant 
days.

Secondary outcomes
►► Incidence of a first episode of VAP in the subgroup 

of patients with significant tracheobronchial bacterial 
colonisation at randomisation from randomisation to 
day 28 (tracheal aspirate, obtained after randomisa-
tion, positive at Gram-stain or growing  ≥105 colony 
forming units per mL at culture without clinical 
evidence for tracheobronchitis).

►► Incidence of a first episode of VAP in the subgroup 
of patients with tracheobronchitis at randomisation 
from randomisation to day 28 (temperature  >38°C 
with no other cause, purulent tracheal secretions 

Figure 1  Study outline.
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and a tracheal aspirate (obtained after randomisa-
tion) growing  ≥105 colony forming units per mL at 
culture5 30).

►► Incidence of VAP due to Gram negative bacteria sensi-
tive to amikacin31 from randomisation to day 28.

►► Clinical pulmonary infection score evolution after 
randomisation (score calculated daily based on 
available data from routine monitoring from rando-
misation to extubation or day 28, whichever occurs 
first32–34).

►► Incidence of ventilator-associated events35 from 
randomisation to extubation or day 28, whichever 
occurs first.

►► Number of systemic antibiotics administered per day 
from randomisation to day 28. Antibiotic*days will 
be computed summing the daily number of systemic 
antibiotics (intravenous and absorbable orally admin-
istered antibiotics).

►► Number of days with at least one administration of a 
systemic antibiotic from randomisation to day 28.

►► Number of days spent on invasive and non-invasive 
mechanical ventilation from randomisation to day 90.

►► Number of days from randomisation to the first 
successful spontaneous breathing trial.

►► Number of days spent in the ICU and in the hospital 
after randomisation.

►► ICU, hospital, day-28 and day-90 mortality.
►► Incidence of antibiotic-resistant bacteria isolated on 

routine clinical and hygiene samples from randomi-
sation to day 28. All bacteriological samples collected 
after randomisation will be recorded. The incidence 
of patients with samples growing bacteria resistant to 
amikacin otherwise naturally sensitive to amikacin 
and the incidence of multidrug-resistant, extensively 
drug-resistant and pandrug-resistant bacteria will be 
compared between groups.36

►► Incidence of bacteria producing extended spec-
trum beta-lactamase or high level derepressed ceph-
alosporinase, incidence of Enterococcus spp resistant 
to vancomycin on rectal samples at ICU discharge 
compared with randomisation in both groups.

►► Incidence of AKI from randomisation to day 28. AKI 
will be defined according to the KDIGO classification.26

A priori defined exploratory outcomes:
►► VAP suspicion by investigators filed to the adjudica-

tion committee from randomisation to day 28.
►► VAP incidence density according to risk exposure 

from randomisation to day 28. Incidence density will 

Table 1  Ventilator-associated pneumonia diagnostic workup

Screening Based on available routine data In case of new occurrence of any of the following :
►► Hyperleucocytosis (≥10 000 leucocytes/mm3).
►► Leucopenia (≤4000 leucocytes/mm3).
►► Fever (≥38°C).
►► Purulent secretion.
►► New chest X-ray infiltrate.
►► Significant respiratory compromise (decrease in PaO2/
FiO2 ratio or increase in positive end-expiratory pressure).

►► Significant cardiovascular compromise (shock).
Move to VAP suspicion workup.

VAP suspicion If not available obtain:
►► Complete white cell count.
►► Temperature measurement.
►► Semiquantitative and qualitative. secretion 
assessment.

►► Chest X-ray.
►► Blood gases.

In case of:
►► Definite or possible new chest X-ray infiltrate (or 
significant respiratory or cardiovascular. compromise in 
patients suffering ARDS*) and at least one among:

►► Hyperleucocytosis (≥10 000 leucocytes/mm3) or 
leucopenia (≤4000 leucocytes/mm3).

Or
►► Fever (≥38°C).

Or
►► Purulent secretion.

Move to possible VAP workup.

Possible VAP ►► Obtain bacteriological lung. specimen 
(tracheal aspirate, bronchoalveolar lavage 
or distal protected specimen).†

►► File possible VAP case report form.

Definite VAP diagnosis will be made a posteriori by an 
adjudication committee based on possible VAP case report 
form comprising clinical, microbiological data and original 
chest X-rays.

*In patients suffering from the ARDS, chest X-ray interpretation for a new infiltrate may be difficult. Thus, VAP has to be considered in case of 
significant respiratory or cardiovascular compromise. In case of doubt consider VAP as possible.
†Bacteriological lung specimen will be obtained, as much as possible given local clinical and laboratory constraints, at distance of any 
antibiotic administration, including nebulisation of study drug on relevant days.
ARDS, acute respiratory distress syndrome; Fio2, fraction of inspired oxygen; PaO2, arterial oxygen tension; VAP, ventilator-associated 
pneumonia.
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be calculated as the ratio of the number of patients 
experiencing a first VAP episode divided by the 
number of days of invasive mechanical ventilation 
received by randomised patients and expressed as 
the number of first VAP episodes per 1000 days of 
mechanical ventilation.

►► Time between randomisation and the first episode of 
VAP in the subgroup of patients experiencing at least 
one VAP episode between randomisation and day 28.

►► Primary and secondary outcome analyses in the 
subgroup of patients having received all three nebuli-
sation (per-protocol analysis).

►► Primary and secondary outcome analysis in the 
subgroup of patients extubated before the third 
nebulisation (patients who received one or two 
nebulisation).

►► Primary and secondary outcome analyses in the 
subgroup of patients undergoing invasive mechanical 
ventilation for 7 days or more (first extubation occur-
ring on day 8 or later).

►► Primary and secondary outcome analysis according 
to the ventilatory circuit used for nebulisation (opti-
mised dry circuit vs active heated humidified circuit vs 
interrupted heated humidification).

►► Incidence of extubation failure (ie, reintubation or 
reintubation attempt within 7 days of extubation) 
from randomisation to day 28.

►► Incidence of extubation failure (ie, reintubation or 
reintubation attempt within 7 days of extubation) in 
the subgroup of patients extubated within 7 days of 
randomisation.

►► Cure of tracheobronchitis at day 10 in the subgroup 
of patients with tracheobronchitis at randomisation. 
Cure of tracheobronchitis will be defined as a temper-
ature <38°C and absent or rare tracheal secretions on 
semi-quantitative evaluation.

►► Worsening of AKI defined as an increase in KDIGO 
classification stage (from stage 0 to stage 1 or from 
stage 1 to stage 2 or 3).26

A priori defined ancillary analyses:
►► Relative bacterial species composition of respiratory 

and digestive microbiota will be reported separately 
of the principal analysis. Relative amounts of bacteria 
composing the respiratory and digestive micro-
biota will be compared before and after amikacine 
or placebo inhalation in patients developing or not 
VAP. Microbiota analysis will rely on bacterial 16S 
rDNA PCR amplification of the V3–V4 specific vari-
able regions. The 460 bp amplicons will be cleaned up 
using Agencourt Ampure XP SPRI beads (Beckman 
Coulter, Brea, California, USA) and quantified with 
Quant-iT dsDNA HS Assay Kit using Qubit fluorom-
eter (Invitrogen, Carlsbad, California, USA). A second 
PCR will be then performed using the indexed oligos 
from Nextera XT kit (Illumina, San Diego, California, 
USA) to allow standardised sequencing with a MiSeq 
platform (Illumina). All bacterial sequence reads will 
be deposited for public access. Reads will be quality 

filtered using Quantitative Insights Into Microbial 
Ecology (QIIME)37 settings and then clustered into 
operational taxonomic units using a 97% sequence 
identity threshold using QIIME.37 Taxonomic levels 
will be determined using the RDP classifier with 
a confidence value of 0.5 considered as a positive 
identification.38

►► Sputum and serum amikacin pharmacokinetics will be 
reported separately of the principal analysis. Pharma-
cokinetic analysis will be carried out over the full dura-
tion of inhaled administration. 1–3 tracheal aspirates 
and 1–3 serum samples will be drawn per patient in the 
subsample of patients of centres participating to the 
pharmacokinetic study. To preserve blinding, samples 
will equally be taken in patients receiving amikacin or 
control. Samples will be frozen and analysed centrally 
at study end, after database locking, using a liquid 
chromatography combined with tandem mass spec-
trometry assay given the low systemic concentration 
to be expected. A total of 700 samples will be analysed, 
thus depending on recruitment among centres partic-
ipating to the pharmacokinetic study, between 2 and 
6 concentration measurements will be available for a 
subsample of 100–300 patients.

►► Respiratory mechanics before and after nebulisation. 
Among sedated patients without spontaneous respira-
tory efforts an end expiratory and end inspiratory 
pause will be performed and resistance and compli-
ance of the respiratory system will be calculated, 
immediately before and at the end of nebulisation as 
well as after 8, 12 and 24 hours.

Sample size
The following hypothesis is based on data of a previous 
trial of the CRICS-TriggerSEP research network and 
epidemiological surveillance data39 40:

►► Incidence of first VAP episode of 12% in the control 
group.

►► Incidence of first VAP episode of 6% in the experi-
mental group.

Those hypotheses are conservative in terms of baseline 
VAP incidence and plan an important relative risk reduc-
tion which is deemed necessary to drive clinical practice 
change towards pre-emptive antibiotic inhalation in case 
of a positive trial. Indeed, a smaller risk reduction may 
be considered insufficient by the clinical community to 
implement large scale pre-emptive antibiotic therapy.

Sample size calculation took into consideration the 
competing risk of death occurring before extubation or 
VAP occurrence.41 Power was set at 80% and two-tailed 
type I error at a 5%. A total number of 850 patients (425 
in each arm) will be included in the trial.

Recruitment
All patients undergoing invasive mechanical ventila-
tion through an endotracheal tube will be considered 
for inclusion and recorded on a screening log. Patients 
will be assessed for eligibility after 48 hours of invasive 
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ventilation and included after 72 hours of invasive venti-
lation. Baseline data will be obtained, and randomisation 
performed the same day.

Intervention allocation sequence
Participants will be randomly assigned to either the control 
or experimental group with a 1:1 ratio allocation as per a 
computer-generated randomisation schedule stratified by 
centre and the administration of systemic antibiotics the 
day of randomisation (secured online system). The block 
sizes will not be disclosed to study investigators.

Allocation will not be disclosed to any person involved 
in patient care. Allocation sequence will be generated 
by a statistician not otherwise involved in recruitment or 
follow-up of the participants.

Data collection, management and monitoring
Nebulisation visits: nebulisation implementation and 
tolerance data will be recorded (table  2): ventilator 
settings, duration of nebulisation and occurrence of side 
effects. A check list will be provided.

Among centres and patients participating in the phar-
macokinetic and microbiota prespecified ancillary analysis, 
tracheal aspirate, rectal and oral swabs as well as serum 
samples will be taken. Microbiota samples (oral and rectal 
swab, tracheal aspirate) will be taken before the first study 
drug delivery and after the third study drug delivery.

Daily visits until extubation or day 28 whichever occurs first
Those visits will be performed every day after inclusion, 
including on days of nebulisation as long as patients 
remain invasively ventilated.

Screening for VAP suspicion, signs of tracheobronchitis, 
clinical pulmonary infection score, ventilator-associated 
events, performance of a successful spontaneous breathing 
trial, administration of systemic antibiotics, all routine 
clinical bacteriological samples taken, AKI stage based on 
routine available data, and vital status will be recorded.

Among the patients participating in the microbiota 
ancillary analysis, a tracheal aspirate will be sampled for 
microbiota analyses on day 10 and day 13 (if still under 
invasive mechanical ventilation) and in case a first VAP 
episode occurs.

Day 90 visit
Vital status and day of discharge from the hospital and 
from ICU, and day of end of invasive and non-invasive 
mechanical ventilation will be recorded.

Adverse events will be recorded throughout the study. 
Independent data monitoring will be performed, indepen-
dent trial audit will be performed if decided by the sponsor.

Statistical methods
The intention-to-treat principle will be applied. The 
number of participants with missing data for each vari-
able of interest will be indicated. No interim analysis will 
be performed.

Descriptive analysis of patient groups at baseline
Baseline characteristics will be reported per group using 
descriptive statistics without statistical tests.

Primary outcome analysis
The incidence of VAP will be compared between the two 
groups using a competing risk analysis considering death 
as a competing event.

Secondary outcome analysis
►► The following outcomes will be analysed in the frame-

work of a competing risk analysis: incidence of VAP 
due to Gram-negative bacteria sensitive to amikacin, 
incidence of ventilator-associated events, number of 
days with at least one administration of a systemic anti-
biotic, number of days on invasive and non-invasive 
mechanical ventilation, number of days from rando-
misation to the first successful spontaneous breathing 
trial, ICU and hospital lengths of stay and mortality, 
incidence of resistant bacteria nosocomial infection 
and rectal carriage, incidence of AKI.

►► The evolution of the clinical pulmonary infection 
score will be compared in the framework of a linear 
mixed model to take into account data correlation 
(several measures per patient).

►► The day-28 and day-90 mortality will be analysed with 
a χ2 test.

Predetermined subgroup analysis
►► The incidence of subsequent VAP in the subgroup of 

patients with significant tracheobronchial bacterial 
colonisation at randomisation will be compared in the 
framework of a competing risk analysis considering a 
term of interaction.

►► The incidence of subsequent VAP in the subgroup of 
patients with tracheobronchitis at randomisation will 
be compared in the framework of a competing risk 
analysis considering a term of interaction.

Exploratory analysis
Analyses will be performed according to the same princi-
pals as the mains analysis (framework of competing risk 
analysis with death and/or extubation as a competing 
risk).

Predetermined ancillary analyses
►► Microbiota analysis: bacterial taxonomic levels will 

be determined and clustering analysis will be carried 
out using UniFrac distance based principal coordi-
nates analysis.42 Clustering analyses will be carried out 
using operational taxonomic units relative abundance 
based on read numbers as well as UniFrac distance-
based principal coordinates analysis. Alpha diversity 
in the respiratory and digestive microbiota datasets 
will be calculated using both Shannon and phyloge-
netic diversity metrics.

►► Pharmacokinetic analysis: tracheal aspirates and 
plasma concentrations (randomly distributed over 
the three sampling time frames: 0–6 hours, 6–12 hours 
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and 12–24 hours) will be analysed using a population 
pharmacokinetic approach with Nonmem7 (ICON 
Development solutions, Hanover, Maryland, USA), 
to determine amikacin exposure within aspirates and 
to investigate the relationships between its pharma-
cokinetic parameters and covariates. The population 
model will be adapted from previously published 
models.43 If appropriate pharmacokinetic param-
eters values estimated during the study will then be 
used for Monte Carlo simulations with the Berkeley 
Madonna software (V.8.3.18., University of California, 
Berkeley, California, USA) to estimate the probably of 
reaching the target for the relevant pharmacokinetic-
pharmacodynamic index for efficacy and safety. 
Different nebulisation optimisation factors (circuit, 
humidification, ventilator settings, sedation) will be 
evaluated.

►► Respiratory mechanics will be analysed comparing 
compliance and resistance of the respiratory system 
changes before and after nebulisation in study groups 
taking into account the paired nature of the data.

Ethics and dissemination
The study protocol and subsequent modifications 
were approved by the regional institutional review 
board (Comité de protection des personnes Ouest I, 
No.2016-R29) and national authorities (Agence natio-
nale de sécurité des medicaments, No. 160 821A-43).

Informed consent
Participants will be informed of the objectives of the 
study, including potential ancillary evaluation, and their 
informed consent will be obtained. In case patients are 
not able to be informed and give informed consent by 
themselves before study entry, information will be deliv-
ered to the legal representative if designated by the 
patient and informed consent obtained, otherwise, the 
information will be delivered and informed consent 
obtained from a patients proxy, eventually through tele-
phone contact in the setting of COVID-19 pandemic visi-
tors restrictions in accordance with institutional review 
board approval and French law. In all cases the patient 
will be informed and give written informed consent as 
soon as possible. Personal information will remain anon-
ymous and managed according the current regulations.

Dissemination policy
Publication of the main results will mention the sponsor 
and the funding source. Publication will follow the recom-
mendations for the conduct, reporting, editing and 
publication of scholarly work in medical journals from 
the international committee of medical journal editors.44 
All investigators and persons involved in the study design 
and/or conduct not cited in the authorship will be listed 
as non-author contributors or acknowledgement within 
reasonable limits and editorial possibilities.

Authorship needs to achieve consensus. In case of 
disagreements, the principal coordinating investigator will 

decide on authorship. The first authors or last author will 
be the principal coordinating investigator. Other author 
places and order will be determined based on individual 
overall contribution to the study conception, design, 
conduct, analysis, interpretation and dissemination and 
include investigators of centres having included high 
numbers of patients with adequate data quality, scientific 
steering committee members, methodologist-data manager 
statistician, pharmacokinetic analyst, pharmacist; none of 
which is by itself sufficient for automatic authorship.

Dissemination timeline
The duration of patient enrolment expected is 4 years, 
starting in July 2017.

►► End of 2015: national grant award.
►► 2016: ethics and competent authority approval.
►► 2017–2021: inclusion of patients; 805 out of 850 

patients included the 14 December 2020.
►► 2021: data monitoring and queries to investigators; 

blind review to determine protocol violation, cleaning 
and closure of the database.

►► 2022: data analysis, writing of the manuscript and 
submission for publication.

DISCUSSION
The present multicentre study will provide high level 
evidence regarding the potential benefit or lack of benefit 
of pre-emptive inhaled amikacin therapy among critically ill 
patients at risk of developing VAP. The large sample size of 
the study planned to include 850 patients is based on esti-
mates of VAP incidence which are relevant to the current 
clinical setting. Previous small sample size trials summarised 
in a meta-analysis in favour of the efficacy of pre-emptive 
inhaled antibiotics were performed in settings of very high 
VAP incidence and are therefore not relevant to current 
practice.24 The large sample size will also further document 
the feasibility and safety of antibiotic nebulisation among 
intubated patients completing data obtained during trials 
evaluating inhaled antibiotics to cure VAP.45 46 Those studies 
failed to observe a benefit of inhaled antibiotics given as an 
adjunctive therapy to standard intravenous antibiotics in 
patients already suffering VAP. The present study, exploring 
patients in the days preceding the occurrence of overt VAP, 
that is, patients with no tracheobronchial bacterial spread, 
those with asymptomatic tracheobronchial colonisation, 
those with clinical tracheobronchitis will give important 
insight on the patient population most likely to benefit of 
inhaled antibiotics.

The control group of the present study may be discussed 
as to ensure adequate blinding of the placebo arm of the 
trial, 0.9% NaCl was nebulised which may per se induced 
positive or negative clinical outcome. Indeed, nebulised 
0.9% NaCl is known to affect mucus rheological proper-
ties. Furthermore, no systemic antibiotics are delivered as 
part of the protocol in the control group, while patients 
may receive intravenous antibiotics to treat any type of 
infection other than VAP. Intravenous antibiotics given 
as part of some regimen of selective decontamination of 
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the digestive tract are effective to prevent VAP occurrence 
and could have been protocolised in the control group.47 
The present trial represents a pragmatic study evaluating 
the potential benefit of pre-emptive inhaled amikacin to 
decrease VAP occurrence.
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