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Avoidance of hospital-acquired infections (HAIs) may be one of
the most dramatic successes of recent quality improvement
efforts in health care. In neonatal intensive care units (NICUs),
as in medicine in general, this success story has shifted an old
view of HAIs being unavoidable to a view that HAIs are
preventable. This may be best exemplified by the experience
with central line-associated bloodstream infections (CLABSIs), with
significant reductions in NICU CLABSI rates reported locally
and nationally and numerous NICUs reporting sustained CLABSI
rates of zero.1,2

Unfortunately, the experience with ventilator-associated pneu-
monia (VAP) in the NICUs has not followed a similar path, and
widespread reductions in neonatal VAP rates have not been
documented.3 What explains the different experiences with
CLABSI and VAP, particularly in neonatal intensive care? One
major contributing factor is eloquently described by Dr. Ergen-
ekon and Dr. Cataltepe in this journal: the lack of a clear definition
and diagnostic test for VAP in newborns.4 Unlike VAP, CLABSI has
had relatively clear definitions and diagnostic criteria for many
years. The most commonly used CLABSI definitions are from the
National Healthcare Safety Network (NHSN) of the Centers for
Disease Control and Prevention (CDC); while not perfect, these
definitions have contributed to the reduction in CLABSI by
allowing effective benchmarking, supporting the identification of
risk factors, and enabling assessment of the impact of improve-
ment efforts.5

The history of definitions for VAP is different. The CDC has
included nosocomial pneumonia and VAP in its HAI surveillance
platforms since the 1970s–1980s. However, concerns quickly arose
about the reliability and objectivity of the pneumonia and VAP
definitions, and despite several definition revisions, these con-
cerns persisted.6 This was particularly true for neonatal VAP, where
a definition specific to neonates that recognized their unique
characteristics and the complexities of prematurity was not
provided; rather, diagnostic criteria for infants under 1 year of
age were also applied to neonates. Ongoing questions about the
validity and utility of the VAP definitions recently led to broad
changes in CDC’s approach to measures related to mechanical
ventilation. In 2013, NHSN replaced surveillance for VAP in adult
inpatient locations with surveillance for ventilator-associated
events (VAEs); VAE was defined primarily by an increase in
support (fraction of inspired oxygen or positive end expiratory
pressure) in a mechanically ventilated patient who had been
previously stable or improving, and was purposefully meant to be
a more general and more objective measure of ventilator-
associated complications than VAP.7 By 2014, NHSN also stopped

VAP surveillance in neonatal locations, leaving VAP surveillance
only in pediatric areas. While the pediatric definitions of
pneumonia and VAP could still be used to identify the source of
a bloodstream infection in an NICU patient, neonatal VAP rates
would no longer be an NHSN measure. In 2019, NHSN
implemented surveillance for pediatric VAEs, with a definition
based on increase in oxygen need or mean airway pressure that
had been validated in both pediatric and neonatal patients.8 Like
its adult counterpart, the pediatric VAE measure was designed to
capture infectious and non-infectious complications with more
precision and objectivity than the previous VAP measure.
The NHSN shift to VAE surveillance suggests a commonly

accepted VAP definition may be more elusive than ever. While the
new pediatric VAE measure may eventually prove to be effective
and valuable, it is not specific for infectious ventilator events.
Hence, the message from Dr. Ergenekon and Dr. Cataltepe for
focused research in the area of neonatal VAP diagnosis becomes
even more imperative. But what can be done in the meantime?
While we agree with their editorial that better diagnostic tools are
urgently needed, we would also suggest that much can still be
done to limit the risk and burden of VAP in neonatal patients
based on what we know already.
Dr. Ergenekon and Dr. Cataltepe broadly suggest two important

consequences of the lack of a clear neonatal VAP definition:
(1) impaired clinical decision making around VAP, with variations
in practice and likely unnecessary antibiotic use; and (2) misguided
use of VAP as a quality measure. It may be helpful to consider
these uses of a definition separately, as they likely have different
implications for what an ideal definition would be. A definition of
VAP as a quality measure would require clear criteria that can be
unambiguously applied to many patients; a diagnosis of VAP in a
single patient to determine treatment would likely be based on
many factors and clinical judgment. For example, a definition of
VAP as a quality measure may require a certain number of
neutrophils on a tracheal aspirate fluid sample; in an individual
patient, a lesser number of neutrophils combined with other
clinical concerns may still be enough to warrant diagnosis and
treatment. It is likely that treatment decisions will almost always
require assessment of factors not captured by quality measures
used for surveillance. This is evident with CLABSI, where NICU
CLABSI rates measured by the NHSN criteria do not match well
with infection rates assessed by the clinical criteria.9,10

With regards to developing a definition for VAP as a quality
measure, it is important to recognize differences between
measures for quality assessment and measures for quality
improvement.11 Measures for quality assessment are used to
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compare performance among hospitals and for benchmarking,
and need reliability, reproducibility, and external validity.
Measures for quality improvement are used to monitor perfor-
mance and guide improvement within one center, and need
internal consistency and can be targeted to meet the needs of
that center.
We agree with Dr. Ergenekon and Dr. Cataltepe that current

definitions of neonatal VAP do not have the validity or reliability
needed to be used for external quality assessment and bench-
marking. This conclusion appears to be widely shared; as outlined
above, NHSN no longer tracks VAP as a quality measure in adults
or neonates, and VAP is also not endorsed by other major
neonatal quality organizations, including Vermont-Oxford Net-
work, the Children’s Hospital Neonatal Consortium, and state
perinatal quality collaboratives.
On the other hand, the use of VAP as an internal quality

improvement measure has been effective. Several reports show
NICUs have successfully improved practices and reduced VAP
rates using internally consistent measure definitions.12–19 These
reports and expert consensus have led to generally accepted
bundles of practices that can be used to minimize VAP risk and
reduce VAP incidence (Table 1).6,20 Some of these interventions
are extrapolated from literature in older patients, but their basis in
physiology and mechanics and their successful use in published
quality improvement reports suggest that they are a reasonable
target for neonatal practice. Given the significant morbidity and
mortality associated with VAP, applying these bundles has the
potential to minimize risk and improve outcomes in the neonatal
population, advancing clinical care while we await a more
standardized definition.
Our lessons learned about VAP in the NICUs, then, may not be

that different than our lessons learned about CLABSIs. While we
still struggle to develop a reliable and valid VAP definition that can
be used at the bedside to guide treatment choices or at the
national level to benchmark hospitals, ample experience suggests
that we can define VAP well enough to try to prevent it. We
support the call for targeted research into neonatal VAP diagnosis
and definition. We also encourage neonatal providers to not wait
for a better definition to strive towards reducing or eliminating
VAP in their own NICUs.
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Table 1. Potential neonatal ventilator-associated pneumonia
prevention strategiesa.

Meticulous hand hygiene

Elevate head of bed by 15°–30° if tolerated

Use new, sterile ETT for each intubation attempt

Use sterilized laryngoscope

Have at least two NICU staff members present for ETT retaping or
repositioning

Avoid unplanned extubation

Use closed in-line suctioning for endotracheal tube suctioning

Minimize duration of invasive mechanical ventilation

Manage patients without sedation when possible

Change ventilator circuit only if visibly soiled or malfunctioning

Minimize breaks in the ventilator circuit

Provide regular oral care with sterile water or mother’s milk

Prevent gastric distension

aAdapted from Klompas et al.6 and Hooven and Polin.20
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