
Ventilator-Associated Events 5 Years Later

Almost 5 years have elapsed since the United States
Centers for Disease Control and Prevention (CDC) re-
placed their ventilator-associated pneumonia (VAP) sur-
veillance definitions with ventilator-associated event
(VAE) definitions. The CDC shifted to VAE definitions in
response to a litany of concerns about traditional VAP
definitions, including their complexity, subjectivity, bur-
den upon surveyors, lack of comparability between insti-
tutions, narrow focus, and limited association with adverse
outcomes.1 VAE definitions were therefore created to in-
crease the objectivity and reproducibility of surveillance,
facilitate automation, and broaden the focus of safety sur-
veillance to encompass any event severe enough to require
a sustained increase in ventilator support (including non-
infectious events).2 During calendar year 2014 (the latest
year for which data are available), �1,800 United States
hospitals reported VAE rates to CDC.3

In this month’s issue of RESPIRATORY CARE, Kobayashi
et al4 provide useful confirmation of many key aspects of
VAE epidemiology. They retrospectively analyzed 407
consecutive adults ventilated for �4 d within the general
ICU of an academic hospital in Tokyo. The study team
assessed incidence, overlap, and attributable mortality for
VAEs and traditionally defined VAPs. They found that
VAEs were present in almost 3 times as many subjects as
traditionally defined VAP (13% vs 5%), that there was
limited overlap between VAE and traditionally defined
VAP (8 of 20 VAPs met VAE criteria, 8 of 54 VAEs met
VAP criteria), and that the attributable mortality of VAEs
was much higher than traditionally defined VAP. This was
particularly true of the infectious subset of VAEs, known
as infection-related ventilator-associated complications,
where the cause-specific hazard ratio for death was 2.42
(95% CI 1.39–4.20). By contrast, the cause-specific haz-
ard ratio for death for traditionally defined VAP was low
and not statistically significant at 1.08 (95% CI 0.44–
2.66).

One of the strengths of the study by Kobayashi et al4 is
that they used rigorous statistical methods to measure at-
tributable mortality. They adjusted for both time-depen-
dent confounding (the notion that increasing time on a
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ventilator is both a risk factor for VAE and a risk factor for
poor outcomes) and multiple indicators of severity of ill-
ness (including age, sex, height, weight, ICU type, comor-
bidities, and Acute Physiology and Chronic Health Eval-
uation II [APACHE II] scores). The authors limited their
investigation to subjects ventilated for �4 d based on the
rationale that patients can only meet VAE criteria after a
minimum of 4 d of mechanical ventilation. If anything,
this decision makes their results more conservative. Imag-
ine, if you will, a patient on track to be extubated on
ventilator day 3 who develops a potentially preventable
complication, such as aspiration, volume overload, or
ARDS, on ventilator day 3. The event will probably trig-
ger a VAE and will almost certainly extend the patient’s
time receiving mechanical ventilation. In assessing the at-
tributable mortality of this VAE, it would seem appropri-
ate to compare this patient’s outcome with that of a similar
patient who was also on track to be extubated on ventilator
day 3 but did not develop a complication. The decision by
Kobayashi et al4 to limit the study population to subjects
ventilated �4 d focuses the control population upon a
sicker set of subjects and thus conservatively estimates the
attributable mortality of VAE.

The limited overlap between VAE and traditionally de-
fined VAP mirrors prior investigations.5-9 The fact that
many VAEs do not qualify as VAPs is not surprising,
given the CDC’s explicit intent to use VAE surveillance to
broaden the focus of quality surveillance beyond pneumo-
nia alone. The fact that many VAPs do not qualify as
VAEs is less intuitive. On reflection, however, it should be
apparent that a VAP that does not qualify as a VAE is one
in which ventilator settings were stable. In other words,
VAE criteria impose a threshold effect that limits detec-
tion to patients with severe disease. Clinically suspected
VAPs that do not require more ventilator support are pre-
sumably a mix of milder pneumonias and misdiagnoses.10,11

These are arguably less critical events, given that they
have lower mortality rates compared with VAPs that re-
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quire higher ventilator settings, and they have similar out-
comes when treated with very short courses of antibiotic
(1–3 d) compared with longer courses.11-13

The affirmation by Kobayashi et al4 of the high fre-
quency and high attributable mortality of VAEs begs the
question of what can be done to prevent these events.
There are many reasons to believe that simply continuing
business as usual with our current ventilator bundles alone
will not be adequate. First, as Kobayashi et al4 confirmed,
there is limited overlap between VAE and VAP. Interven-
tions that target VAP alone will only have a limited effect
on preventing VAEs, since many VAEs are due to condi-
tions other than VAP. Second, it is becoming increasingly
apparent that we may have an exaggerated sense of the
success of our current ventilator bundles. Many institu-
tions reported lower VAP rates after implementing venti-
lator bundles, but these results are difficult to interpret,
given the subjectivity of traditional VAP definitions.14

Lower VAP rates may indicate less disease, stricter appli-
cation of subjective surveillance criteria, or both. A recent
audit conducted by the Centers for Medicare and Medicaid
Services found that VAP rates were essentially stable be-
tween 2005 and 2013.15 Finally, evidence is mounting that
some commonly utilized ventilator bundle components may
in fact be harmful for some patients. Oral care with chlo-
rhexidine does not clearly lower VAP rates and may in-
crease mortality rates.16-19 Data are mixed, but some stud-
ies suggest stress that stress ulcer prophylaxis may increase
pneumonia and Clostridium difficile rates.19-21

The arrival of VAE criteria has created an opportunity
for hospitals to reexamine and reimagine their approach to
preventing complications and improving outcomes for me-
chanically ventilated patients. Care factors identified thus
far that increase VAE risk include deep and sustained
sedation, sedation with benzodiazepines and propofol, pos-
itive fluid balance, packed red blood cell transfusions, and
high-tidal volume ventilation.6,19,22-25 Conceptually, the
practices most likely to prevent VAEs then are those that
help patients avoid intubation, minimize the duration of
mechanical ventilation, and/or prevent the conditions that
most commonly trigger VAEs (pneumonia, volume over-
load, ARDS, and atelectasis).26

Best practices to avoid intubation include using high-
flow nasal oxygen for hypoxemic respiratory failure and/or
noninvasive ventilation for hypercapnic respiratory failure
when safe to do so.27,28 Strategies to decrease the duration
of mechanical ventilation include minimizing sedation, per-
forming daily coordinated spontaneous awakening and
breathing trials, and perhaps early mobility.29-31 Strategies
to prevent pneumonia, volume overload, ARDS, and atel-
ectasis include head-of-bed elevation, conservative fluid
management, conservative blood transfusion thresholds,
low tidal volume ventilation, and early mobility.32-35 These
interventions are not controversial. They are consistent

with emerging best practice bundles in critical care, in-
cluding the ABCDEF bundle, the Surviving Sepsis Cam-
paign, and the Society for Healthcare Epidemiology of
America’s recommendations to prevent VAP.36-38

A growing number of studies affirm that implementing
and optimizing these practices can lower VAE rates and
improve patient outcomes. The evidence is most robust
thus far for daily spontaneous awakening trials, daily spon-
taneous breathing trials, coordination of spontaneous awak-
ening and breathing trials, and conservative fluid manage-
ment.6,39-41 No study to date, however, has assessed the
impact of a fully optimized VAE prevention bundle that
includes all of the measures listed above. The high attrib-
utable mortality of VAEs paired with the promising results
of VAE prevention studies thus far suggest that a fully
optimized VAE bundle could be very beneficial for pat-
ents. Our mandate for the next 5 years is clear.
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