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Nosocomial pneumonia is a major problem in critical care
settings. It is the most common health care-associated
infection in intensive care units (ICUs) and the most
common nosocomial infection contributing to death.1-4
In ICU settings, nosocomial pneumonia includes hospitalacquired pneumonia (HAP) that develops in non-intubated
patients before or after admission to the ICU, and
ventilator-associated pneumonia (VAP) in patients who
require mechanical ventilation. HAP is defined as a lung
infection in non-intubated patients arising ≥ 48 hours after
hospital admission.1,2 VAP is defined as pneumonia arising
≥ 48 hours after endotracheal intubation.1,2 VAP represents
about 80% of all episodes of nosocomial pneumonia in the
ICU, and occurs in 9–27% of intubated patients.1-4
The reported incidence of nosocomial pneumonia
varies widely, ranging from 3.1 to 18.6 cases per 1000
hospital admissions, with the presence of an artificial
airway increasing the incidence by sixfold to 20-fold.1-6
This wide variation in incidence may be attributed to the
lack of a gold standard for VAP diagnosis, and differences
in definitions, study methods, patient populations and
adherence to preventive measures.1-4,6-9 The incidence of
VAP ranges from 1.9–3.8 cases per 1000 ventilator-days in
the United States to ≥ 18 cases per 1000 ventilator-days
in Europe, and incidence increases with longer duration
of mechanical ventilation.1-5 VAP accounts for more than
half of all ICU antibiotic prescriptions and is associated
with crude mortality rates of 20–71%.1-4 In addition, VAP
is associated with an average increase in hospital length of
stay of 7–9 days and an increase in health care costs of
more than US$40 000 per patient.1 Studies of nosocomial
pneumonia in non-intubated ICU patients are limited, with
most information extrapolated from studies on VAP.1,3
The diagnosis of VAP is difficult as clinical criteria are
subjective and non-specific; also, even for microbiologically
confirmed VAP, there is significant interobserver
variability.10-14 In addition, a poor correlation between
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Background: Nosocomial pneumonia in the critical care
setting is associated with increased morbidity, significant
crude mortality rates and high health care costs. Ventilatorassociated pneumonia represents about 80% of nosocomial
pneumonia cases in intensive care units (ICUs). Wide variance
in incidence of nosocomial pneumonia and diagnostic
techniques used has been reported, while successful
treatment remains complex and a matter of debate.
Objective: To describe the epidemiology, diagnostic strategies
and treatment modalities for nosocomial pneumonia in
contemporary ICU settings across multiple countries around
the world.
Design, setting and patients: PneumoINSPIRE is a large,
multinational, prospective cohort study of adult ICU patients
diagnosed with nosocomial pneumonia. Participating ICUs
from at least 20 countries will collect data on 10 or more
consecutive ICU patients with nosocomial pneumonia. Sitespecific information, including hospital policies on antibiotic
therapy, will be recorded along with patient-specific
data. Variables that will be explored include: aetiology
and antimicrobial resistance patterns, treatment-related
parameters (including time to initiation of antibiotic therapy,
and empirical antibiotic choice, dose and escalation or deescalation), pneumonia resolution, ICU and hospital mortality,
and risk factors for unfavourable outcomes. The concordance
of ventilator-associated pneumonia diagnosis with accepted
definitions will also be assessed.
Results and conclusions: PneumoINSPIRE will provide
valuable information on current diagnostic and management
practices relating to ICU nosocomial pneumonia, and identify
research priorities in the field.
Trial registration: ClinicalTrials.gov identifier NCT02793141.
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clinical interpretation and administrative surveillance
methods for VAP has been reported in the US.15 Diagnosis
of VAP and HAP is clinically important as false-positive
results increase the risk of adverse events from unnecessary
antibiotic treatment, contributing to the emergence of
resistant organisms, while false-negative results may
jeopardise patient survival through inadequate and delayed
therapy.1-4,16-19
Successful treatment of nosocomial pneumonia is
difficult and complex.1-3,20 Appropriate empiric antibiotic
treatment, in terms of timeliness, dose and spectrum
of cover, is a key element for effective management,
while inappropriate treatment is associated with higher
morbidity, mortality and costs.1-4,16-18 Up-to-date global
data on everyday clinical practice regarding empiric and
definitive therapeutic treatments, as well as de-escalation
practices and their effects on patient outcomes, are
essential for developing interventions aimed at improving
and rationalising treatment choices. Exploration of the
timeframes for resolution of nosocomial pneumonia,
validation of previously identified predictors of adverse
outcomes, and further investigation of new predictors
of adverse outcomes will provide clinically significant
information.21-31 Also, to our knowledge, few publications
have addressed clinical characteristics and outcomes of
nosocomial pneumonia in specific ICU subgroups, such
as patients with chronic obstructive pulmonary disease
(COPD) and older patients.32-37 Against this background, a
large cohort study will improve our understanding of these
factors and help identify optimised treatment approaches
for specific subgroups of ICU patients. In this article, we
describe the protocol for the PneumoINSPIRE study, which
aims to address some of these gaps. PneumoINSPIRE has
been registered with the ClinicalTrials.gov registry (identifier
NCT02793141).
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Study design and coordination
PneumoINSPIRE is a prospective, international, multicentre,
observational, prospective cohort study on nosocomial
pneumonia in the ICU setting. The study logo is shown
in Figure 1. The study was conceived and designed by the
Working Group on Pneumonia of the European Society
of Intensive Care Medicine (ESICM) and has received
endorsement from the ESICM. The coordinating centre is
the University of Queensland Centre for Clinical Research,
located in Brisbane, Australia. Ethics approval was granted
by the Royal Brisbane and Women’s Hospital Human
Research Ethics Committee (HREC/15/QRBW/35) and the
Medical Research Ethics Committee of the University of
Queensland (2015000302).

Site selection
Through investigator contacts and regional ICU network
promotion, we aim to recruit at least 150 ICUs from at

Research objectives
The aim of the PneumoINSPIRE
study is to provide up-todate information on current
clinical practice relating to
ICU nosocomial pneumonia.
The primary objectives are to:
(i) evaluate the epidemiology
of nosocomial pneumonia in
ICU patients from multiple
countries and regions, analysing
responsible pathogens and
resistance patterns by type of
pneumonia and geographical
region; (ii) describe, on a global

scale, the current clinical practice regarding diagnosis
of nosocomial pneumonia and determine the degree of
adherence with current widely accepted definitions and
guidelines; and (iii) identify variable treatment decisions
for nosocomial pneumonia with emphasis on treatments,
appropriateness, de-escalation practices and associated
outcomes from a global perspective. The secondary
objectives are to: (i) evaluate nosocomial pneumonia in
specific subgroups of critically ill patients (ie, patients with
COPD, older patients [aged ≥ 65 years], and postoperative
and trauma patients); (ii) describe the differences between
nosocomial pneumonia that develops in non-intubated ICU
patients and VAP; and (iii) compare the characteristics and
outcomes between nosocomial pneumonia that develops
in ward patients who are later transferred to an ICU and
nosocomial pneumonia that arises in non-intubated ICU
patients. The outcomes of interest are shown in Table 1.

Table 1. Outcomes of interest

• ICU and hospital mortality censored at Day 28
• Resolution of nosocomial pneumonia at Day 3, Day 7 and Day 14
• Recurrence of pneumonia at Day 14 and Day 28
• Concordance of clinical diagnosis of VAP with current widely accepted definitions
(including the CDC definition of VAP)1,2,38

• Mechanical ventilation-free days at Day 28 (censored at ICU discharge if discharged
before Day 28)

• Antibiotic-free days at Day 28 (censored at ICU discharge if discharged before Day 28)
CDC = Centers for Disease Control and Prevention. ICU = intensive care unit. VAP = ventilator-associated
pneumonia.
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coordinators will facilitate site recruitment and have a key
role in the conduct of the study for each participating country.
The national coordinator will act as the primary contact for
the coordinating centre and site principal investigators. This
practice will help streamline data collection and problem
solving. A local principal investigator will lead the study at
each site (Supporting Information, Appendix 1).

Figure 1. PneumoINSPIRE study logo

Data collection

least 20 countries worldwide. There will be no limit set on
the number of ICUs allowed to participate. All adult ICUs
are eligible for participation in the PneumoINSPIRE study
taking into consideration the following requirements: (i)
ICUs agree to collect unit-related and patient-related data
on site; (ii) ICUs agree to transfer the collected data to the
coordinating centre; and (iii) ICUs pursue and obtain ethics
committee approval or a waiver of ethics review.

Participant recruitment

A data collection guide will be provided to each
participating site in English or translated into one of the
following languages: Spanish, French, Chinese, Portuguese
and Italian. Research coordinators will enter all required
data described in the protocol directly from source data to
a paper-based and/or electronic case report form numbered
with a consecutive site code and participant identification
number. English, Spanish and Chinese versions of the case
report form have been created. Non-identifiable study data
will be collected and managed using the REDCap (Research
Electronic Data Capture) tool, hosted at the University of
Queensland.39 REDCap is a secure web-based application
designed to support data capture for research studies. The
coordinating centre will routinely monitor data entry in the
database for completeness and consistency. A process of
data validation — involving range, logic and missing data
analysis — will be conducted before database lock. In cases
where data clarification is required, the coordinating centre
will send data queries to the site principal investigator. A
site recruitment log that contains site recruitment details
and participant identifiers will be kept by the site principal
investigator in a secure and locked location. Data will only
be re-identifiable by the site principal investigator. Site

Eligible patients are those meeting the inclusion criterion
as diagnosed by the attending ICU clinician/s and none
of the exclusion criteria (Table 2). Participating ICUs will
collect data from a nominated start date until the minimum
target of 10 consecutive ICU patients with an episode
of nosocomial pneumonia has been reached or overall
study recruitment has closed, whichever comes first. No
maximum site targets have
been set. The commencement
Table 2. Patient inclusion and exclusion criteria
of patient recruitment at a site
level will vary and depend on
Inclusion criterion
Diagnosis with one of the following:
local institutional ethics and site
• Ward HAP — admission to the ICU with a diagnosis of nosocomial
approval.
pneumonia that developed in a non-intubated patient before ICU
admission

• ICU HAP — the first episode of ICU-acquired pneumonia that

Regional coordination

developed in a non-intubated patient

Each participating country will
have an appointed national
coordinator, identified from
among members of the
Working Group on Pneumonia,
members of national infection
societies and highly esteemed
intensivists in each country.
As project leads, the national

• VAP — the first episode of ICU-acquired pneumonia in a patient
receiving invasive ventilation for ≥ 48 hours

Exclusion criteria

• Age < 18 years
• Nosocomial pneumonia in a patient receiving only palliative

treatment at the time of assessment for eligibility (ie, the time of
clinical diagnosis)

• Previous inclusion in the study
HAP = hospital-acquired pneumonia. ICU = intensive care unit. VAP = ventilator-associated pneumonia.
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study materials will be kept for at least 5 years from study
completion (ie, time of first publication) or as directed by
local site approvals. The coordinating centre will retain study
data for a minimum of 15 years from study completion.

Site data
Site-specific information will be collected once for each
participating ICU (Table 3). Each ICU will record a limited
dataset for all consecutive adult patients admitted to the
ICU for the duration of the study — the total number of
admissions during the study period and the total number
of admissions of patients receiving mechanical ventilation
for ≥ 48 hours.

Patient data
For each patient with a clinical diagnosis of nosocomial
pneumonia included in the study, detailed data will be
obtained and entered into REDCap (Table 4). Supplementary
material for the case report forms for nosocomial pneumonia
with ICU onset and nosocomial pneumonia with onset
outside the ICU is available online (Supporting Information,
Appendix 2 and Appendix 3, respectively). As this study
is observational, there will be no deviation from standard
clinical practice and only data available from routine clinical
practice will be recorded. Participating sites will not be
required to perform specific laboratory or imaging tests if
these are not part of their standard clinical practice.

Sample size
A sample size of 1000 ICU patients with nosocomial
pneumonia is anticipated to comprise the dataset. As
this study is primarily descriptive, no formal sample size
calculations have been made. However, the sample size
has been chosen to provide generalisable data that enables
testing of about 10 variables in multivariable analysis, based
on a minimum of 20 events per variable.41

Statistical analysis
Descriptive analytic techniques and parametric and
non-parametric tests will be used to explore diagnosis,
microbiological findings, subgroup differences and
clinical outcomes. Cox regression will be used to predict
dichotomous outcomes of interest, including mortality and
resolution. Independent predictors and associated odds or
hazard ratios, as appropriate, with 95% confidence intervals
will be reported. A two-sided P value less than 0.05 will be
considered statistically significant.

Subgroup analyses
Various subgroup analyses will be carried out, including by:
• type of nosocomial pneumonia (onset before ICU
admission versus onset after ICU admission; in
intubated versus non-intubated patients);
• geographic region;
• patients with COPD (yes versus no);
• age of patient (< 65 years versus ≥ 65 years);
• postoperative patients (yes versus no);
• trauma patients (yes versus no); and
• full concordance with accepted diagnostic criteria
(yes versus no).
Concordance will be assessed by a specifically assigned
review group consisting of the principal investigator
and members of the steering committee or monitoring
committee, with each recorded case of VAP assessed by two
members of the group. In cases of disagreement, a third
member will assess the case.

Distribution of information
Results will be presented in a timely manner at national and
international conferences and in peer-reviewed journals.

Summary

PneumoINSPIRE is an international observational study on
nosocomial pneumonia in ICU settings, including HAP in
non-intubated patients and VAP.
Table 3. Site-level data
PneumoINSPIRE will describe
the epidemiology, diagnostic
• Location, type of hospital, ICU type, number of hospital beds, number of ICU beds
strategies
and
treatment
• Information on medical and allied health staff ratios
modalities
for
nosocomial
pneumonia in geographically
• Details on antibiotic policy in the ICU
diverse ICUs. It will also explore
• For the previous calendar year: number of ICU admissions, mean length of ICU stay,
number of mechanically ventilated patients, mean severity of patient illness at ICU
implicated pathogens and their
admission and overall ICU mortality
resistance patterns, resolution
• Details on diagnostic procedures used to identify nosocomial pneumonia in the ICU
characteristics,
prognostic
factors and early indicators of
ICU = intensive care unit.
patient outcomes. In addition,

62

Critical Care and Resuscitation • Volume 23 Number 1 • March 2021

O R I G I N A L A RT I C L E S

Table 4. Patient-level data

• Patient demographics: age, sex, race or ethnicity, weight, height, residence before hospital admission
• Presence of risk factors for colonisation with multidrug-resistant bacteria at hospital admission1,2
• Date of hospital admission
• Diagnosis at hospital admission
• Date of ICU admission
• Location before ICU admission
• Type of ICU admission: medical, surgical or trauma; planned versus unplanned
• Diagnosis at ICU admission
• Severity of illness at ICU admission: APACHE II score, SAPS II, SOFA score
• Comorbidities and underlying diseases (including immunosuppression)
• Type of ventilation on ICU admission
• Date of initiation of NIMV and discontinuation of NIMV
• Date of intubation and extubation; location of intubation
• Date of initiation of discontinuation of invasive mechanical ventilation
• Presence of shock at ICU admission
• Presence of sepsis at ICU admission, including sepsis severity40
• Date and time of nosocomial pneumonia onset (or suspicion of nosocomial pneumonia)
• Type of nosocomial pneumonia: onset before ICU admission versus onset after ICU admission; in intubated patients versus in nonintubated patients

• On day of pneumonia onset and ICU admission (for ward HAP): clinical signs and symptoms, laboratory data, radiological

findings, sepsis severity, clinical severity assessment, CPIS, diagnostic procedures, date and time of diagnostic procedures,
concurrent infection at a focus other than lungs

• Microbiological data, including identified pathogens and antibiogram where available
• Antibiotic management
• From Day 1 (day of onset for VAP or ICU HAP or day of ICU admission for ward HAP) to Day 14: clinical signs, severity of illness,

laboratory results, diagnostic sampling results, and imaging if available; also, for VAP, respiratory data for up to 4 days before VAP
onset

• On Day 3, Day 7 and Day 14: assessment of nosocomial pneumonia outcome as judged by the attending ICU physician
(resolution, partial resolution, non-resolving or persistent)

• On Day 14 and Day 28: assessment for recurrence of nosocomial pneumonia or super-infection, or development of infection at
another focus for the preceding period (ie, from Day 1)

• Vital status (censored at Day 28); coded as “alive” if discharged alive from the hospital before Day 28
APACHE = Acute Physiology and Chronic Health Evaluation. CPIS = Clinical Pulmonary Infection Score. HAP = hospital-acquired pneumonia.
ICU = intensive care unit. NIMV = non-invasive mechanical ventilation. SAPS = Simplified Acute Physiology Score. SOFA = Sequential Organ Failure
Assessment. VAP = ventilator-associated pneumonia.

the study will examine how a diagnosis of VAP in routine
clinical practice is associated with official definitions, and
depict any discrepancies and their implications. We expect
that the study findings will provide information that will be
helpful for creating new clinical guidelines and identifying
research priorities in the field of ICU nosocomial pneumonia.
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