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Summary

Ventilator-associated pneumonia (VAP) is an acquired infection related primarily to the conse-
quences of prolonged endotracheal intubation. It is considered the most important infectious chal-
lenge in the critical care setting. Preventable complications of hospital care are considered an
important source of wasted health-care costs believed to consume up to 47% of annual expenditures
in the United States. Whether VAP is preventable has become a highly contentious debate since
public reporting commenced a decade ago. This selective review focuses on specific aspects of this
debate, including the inherent vagaries in the diagnosis of VAP and the marked disparities between
VAP rates based on clinical diagnosis versus surveillance data. Also discussed is how this debate has
impacted public policy, leading to the new paradigm of ventilator-associated events. The limited
ability of artificial airways to prevent microaspiration and biofilm build-up, as well as non-modi-
fiable conditions increasing the risk of VAP, is described in detail. In addition, the origins of the
mistaken but widely embraced notion that zero VAP is a realistic achievement are examined. Key
words: artificial airway; endotracheal tube; microaspiration; ventilator-associated pneumonia; ventila-
tor-associated events. [Respir Care 2015;60(10):1495–1508. © 2015 Daedalus Enterprises]

Introduction

Ventilator-associated pneumonia (VAP) is an acquired
infection not present (or incubating) at the initiation of
mechanical ventilation; therefore, it is defined as pneumo-
nia that occurs � 48 h after intubation.1 Insertion of an

endotracheal tube (ETT) inadvertently colonizes the lower
respiratory tract,2 and its presence inhibits natural defense
mechanisms that prevent infection. The ETT reduces tra-
cheobronchial mucus flow by half, resulting in retained
secretions and the development of pneumonia.3,4 VAP is
caused primarily by microaspiration of infected oropha-
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ryngeal secretions pooled above the ETT cuff and repre-
sents the most important infectious challenge in the critical
care setting.5 Both the incidence of VAP and attributable
mortality are difficult to discern, but are estimated to occur
in 9–28% of mechanically ventilated patients,6 with an
attributable mortality of 3–17%.7 VAP has been estimated
to prolong the duration of mechanical ventilation by up to
11 d, increase hospitalization stay by 6–25 d, and incur
additional expenditures ranging from $12,000 to $40,000
per episode.1,8-14

Annual health-care costs in the United States are ap-
proximately $2–2.7 trillion (17% of the gross domestic
product), but these expenditures do not improve patient
outcomes relative to other advanced nations that spend
substantially less on health care.15,16 Between 21 and 47%
of these expenditures are believed to be consumed by
waste,15 with preventable complications being an obvious
source. Within this context, � 1% of total health-care ex-
penditures in the United States are devoted to technology
assessment geared toward evaluating interventions that im-
prove value to both consumers and payers.16 To deal with
this, the United States has been moving inexorably toward
applying the principles of value engineering and value
analysis (originally developed by manufacturers in the
1940s) to the health-care industry.16 This has been a cat-
alyst for health-care reform and a shift from a volume-
based payment (ie, fee-for-service) to a pay-for-perfor-
mance scheme. A prominent focus in value analysis is
interventions aimed at reducing medical complications.

A major effort to reduce preventable morbidity and mor-
tality in health-care delivery has been spearheaded in part
by the Institute for Healthcare Improvement. One of its
areas of focus has been preventing VAP through the im-
plementation of bundled care.17 However, these initiatives
have engendered considerable controversy, in particular,
how evidence concerning the nature of VAP and its re-
sponse to prevention strategies has been interpreted and,
in turn, has influenced recent health-care policy proposals.

This review focuses on specific areas concerning VAP.
These include the limitations of diagnosing VAP and how
this informs the tension between clinical and administrative
data, as well as explaining why the new paradigm of venti-
lator-associated events (VAE) was necessary. Central to this

discussion is how recent trends in health-care benchmarking
and proposed reimbursement strategies may negatively im-
pact hospitals, particularly those institutions providing care
primarily to high-risk populations (eg, major urban public
hospitals, academic referral hospitals, and trauma centers). In
recent years, a misguided expectation has emerged among
health-care administrators and public policy officials alike
that VAP rates can be brought to zero. Properly evaluating
the feasibility of this expectation requires discussing the key
determinants of VAP: the limitations imposed by the artificial
airway, as well as the impact of both modifiable and non-
modifiable risk factors. Finally, some observations will be
offered on the dubious and uniquely American notion of
eradicating (zapping) VAP.

Inherent Limitations in Diagnosing
Ventilator-Associated Pneumonia

One cannot discuss what VAP means for our pa-
tients and hospitals until one determines how to
diagnose and track it—Shorr et al11

Simply labeling an event ‘VAP’ does not make it
so—Magill et al18

The clinical diagnosis of VAP is highly inaccurate, as
�50% of cases show no evidence of pneumonia at au-
topsy.19 Likewise, in some studies, up to 60% of clinically
diagnosed VAP could not be confirmed by microbiologi-
cal cultures.1,20 Substantial over-diagnosis (58%) of VAP
has also been reported when clinically diagnosed cases are
subsequently adjudicated by expert, multidisciplinary com-
mittees.21 This is because clinical criteria used to diagnose
VAP are partly based upon non-specific signs common to
other conditions (eg, ARDS, sepsis, trauma), whereas other
signs are inherently subjective (eg, changes in sputum char-
acteristics and chest radiographs, deteriorating oxygen-
ation). Even when these clinical signs are conjoined with
microbiological data, the estimated VAP rate varies
widely.22 The problem of diagnosing VAP is complicated
further because positive microbiological findings from spu-
tum cultures are not definitive for diagnosing pneumo-
nia.22 In some reports, negative sputum cultures missed
between 15 and 56% of pneumonias discovered at au-
topsy.23,24

Moreover, VAP can be confused with ventilator-asso-
ciated tracheobronchitis, which is a nosocomial infection
of the tracheobronchial tree, but not the lung tissue itself.10

Ventilator-associated tracheobronchitis has the same clin-
ical and microbiological signs as VAP, but without dete-
riorating oxygenation and chest radiographic findings.
However, it can be misdiagnosed as VAP when it coin-
cides with other pulmonary conditions such as atelectasis
or pulmonary edema. Between 10 and 30% of ventilator-
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associated tracheobronchitis cases eventually develop into
VAP.6

Controversy exists over the actual incidence of VAP. In
particular, there is considerable tension between clinical
criteria (used prospectively to guide therapy) developed by
the 2005 American Thoracic Society/Infectious Diseases
Society of America (ATS/IDSA) guidelines25 and admin-
istrative methods (used retrospectively for surveillance)
based on criteria developed by the Centers for Disease
Control and Prevention/National Healthcare Safety Net-
work (CDC/NHSN) (Table 1).26-29 Both methods rely upon
subjective components in the diagnostic criteria. However,
VAP rates determined by CDC/NHSN criteria are system-
atically lower compared with those based upon ATS/IDSA
criteria (1.2 vs 8.5 cases/1,000 ventilator days).26

These discrepancies are not surprising as surveillance
definitions were not designed for clinical care. An addi-
tional problem is that inter-rater reliability bedevils the
capability to accurately track the incidence of VAP. For
example, when infection-control personnel evaluated ei-
ther the same medical records or hypothetical cases of
possible VAP (using CDC/NHSN surveillance criteria),
the level of agreement ranged from poor (62% agreement)
to no-better-than-a-coin flip.28,30 It is important to empha-
size this discrepancy: because there is no reference stan-

dard for diagnosing VAP, a value judgment cannot be
made regarding the accuracy of diagnoses made by either
physicians or infection-control specialists.30

The core issue in the clinical diagnosis of VAP is that
delays in initiating appropriate antibiotic therapy are as-
sociated with increased morbidity and mortality.31 There-
fore, when VAP is suspected, clinicians are compelled to
begin antibiotics promptly, before microbiological confir-
mation.32 In consequence, physician documentation of VAP
that accompanies the initiation of (or adjustment to) anti-
biotic therapy (and is also used in coded data for reim-
bursement purposes) comes at the expense of over-diag-
nosis. Furthermore, it is presumptuous to assume that all
clinicians employ uniform criteria when diagnosing VAP,
let alone apply these criteria in a rigorously consistent and
precise manner. Consequently, there is likely to be a con-
siderable degree of diagnostic variability within coded data.

Socioeconomic Context of Ventilator-Associated
Pneumonia Reporting

In a society where consumers consult restaurant rat-
ings before making dinner reservations, the drive for
hospital ratings is already palpable—Uçkay et al33

Table 1. Comparison of Ventilator-Associated Pneumonia Criteria: 2005 ATS/IDSA vs CDC/NHSN

Criteria ATS/IDSA CDC/NHSN

Radiographic signs New or progressive infiltrate on chest radiograph � 2 serial chest radiographs with at least one of
the following:

New or progressive infiltrate
Consolidation
Cavitation

Clinical signs At least one of the following:
WBC count of � 4 or � 12 � 109 cells/�L
Temperature of � 38°C with no other recognized

cause
Adults with � 70 AMS with no other recognized

cause
New onset of: And � 2 of the following:
Fever Increased cough, tachypnea, or dyspnea
Purulent sputum Rales or bronchial breath sounds
Leukocytosis Purulent sputum or change in sputum

characteristics or increased suctioning
requirements

Deteriorating oxygenation Defined as:
PaO2

/FIO2
of � 240 mm Hg

Increased FIO2
requirement

Increased minute ventilation
Microbiologic signs Positive sputum culture

ATS/IDSA � American Thoracic Society/Infectious Diseases Society of America
CDC/NHSN � Centers for Disease Control and Prevention/National Healthcare Safety Network
WBC � white blood cell
AMS � altered mental status
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Historically, hospital-acquired infections were not con-
sidered preventable, and their consequences were limited
to intra-institutional monitoring.34 Now that hospital-ac-
quired infections are publically reported through the
NHSN,2,32 VAP is considered to be a relative medical
error with predictable consequences.11 Recently, the Cen-
ters for Medicare and Medicaid Services (CMS) consid-
ered designating VAP as a non-reimbursable event, whereas
The Joint Commission considered incorporating VAP into
both the rating and accreditation of hospitals.26,28,33,34 This
would have a profoundly negative impact on the reputa-
tion of hospitals with significant economic consequences.

Since public reporting of VAP surveillance rates to the
CDC/NHSN began a decade ago, there has been a steady and
marked decrease in the incidence of VAP (Fig. 1). Curiously,
this has occurred without a corresponding reduction in anti-
biotic usage.27 More than 50% of non-academic medical ICUs
are now reporting VAP rates of zero.35 The response to these
trends in the medical literature has been one of pervasive
skepticism.26,27,33,36-51 In fact, VAP experts have pointedly
criticized the growing misperception that administrative sur-
veillance methods reflect the true incidence of ventilator-
associated tracheobronchitis/VAP.29 This skepticism is but-
tressed by observations that validation studies examining
surveillance techniques have found that infection-control
surveyors miss almost one third of VAP cases.27

There is speculation that increased pressure from pub-
lic-reporting requirements in the United States has, at best,
induced a bias toward very conservative interpretation of
subjective elements used in surveillance criteria11,36,37,46

and, at worst, has raised suspicion that some institutions
are gaming the system.18,48 A recent study by the Interna-
tional Nosocomial Infection Control Consortium (INICC)
that used the CDC/NHSN diagnostic criteria (and employed
intensive preventive measures) reported a 22% relative
reduction in VAP; nonetheless, VAP rates remained 5 times

higher than in the United States.45 Interestingly, the INICC
post-intervention rates are similar to those reported in Eu-
rope, where, until approximately 2012, public reporting of
VAP was not required in many countries (Fig. 2).44 Given
the simplicity of VAP prevention measures, the stark con-
trast in VAP incidence between the United States and the
rest of the world invites skepticism.

Ventilator-Associated Events as a Potential Solution

The truth is that it might be possible to achieve an
apparent VAP rate of zero by maximally exploiting
the subjectivity and inconsistencies of VAP defini-
tions—Klompas et al50

Benchmarking health-care performance on the basis of
best practices has reasonable validity for unambiguous
problems (eg, pressure ulcers, falls). However, the situa-
tion is qualitatively different with VAP, wherein “the key
to benchmarking has to be a defined, unequivocal diagno-
sis.”33 Yet the diagnostic accuracy of VAP is poor, and
irrespective of preventive measures, the incidence is highly
dependent upon non-modifiable patient risk factors.1 Thus,
VAP is widely viewed as an unreliable measure of a hos-
pital’s quality of care.28,33,39,43 In particular, public hospi-
tals providing care to patients at high risk for VAP (eg,
trauma, neurologically injured, immunocompromised, poor
health associated with poverty, alcoholism) are likely to be
penalized.39

Because of these concerns, the National Quality Forum
(used by the CMS for selecting health-care quality-report-
ing measures) requested that the CDC propose a new VAP
surveillance scheme.34 In fact, the CMS decided not to
include VAP in its in-patient quality reporting because of
protests from the health-care professions.51 After several
failed attempts by the CMS to develop a satisfactory new
surveillance method on their own, the Department of Health
and Human Services then approached the CDC and the

Fig. 1. Relationship between ventilator-associated pneumonia (VAP)
cases and public reporting of VAP to the Centers for Disease Control
and Prevention (CDC). MICU � medical ICU. SICU � surgical ICU.

Fig. 2. Comparison of ventilator-associated pneumonia (VAP) rates
publically reported in the United States with those in European and
other comparable nations. Data from Reference 37. MICU � medical
ICUs. SICU � surgical ICUs. INICC � International Nosocomial In-
fection Control Consortium.
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Critical Care Societies Collaborative.51 Both groups, along
with representatives from the IDSA, convened a Surveil-
lance Definition Working Group in 2011 to develop a
more credible VAP definition for use by the NHSN.18

After further testing and iterations are completed, the
new NHSN surveillance criteria might be used for public
reporting and perhaps pay-for-performance.34 The new sur-
veillance concept and definition of VAE were published in
2012. The focus has been shifted away from VAP and
broadened toward generalized complications of critical ill-
ness manifested as deteriorating lung function in mechan-
ically ventilated patients. The intention of VAE is to make
surveillance as objective as possible so as to facilitate
automation, improve comparability between institutions,
and ostensibly lessen the ability to game the system.35

More importantly, when coupled with measures of sever-
ity-of-illness scores, these new definitions might allow for
credible risk adjustments when hospitals are benchmarked
against one another.35

In the new VAE model, before considering VAP as a
diagnosis, certain precursor clinical events must be ful-
filled. These include specific objective criteria related to
deterioration in lung function (ventilator-associated con-
dition [VAC]) and its coincidence with both laboratory
values and institution of (or changes in) antibiotic admin-
istration (infection-related, ventilator-associated complica-
tion [IVAC]).18 Both VAC and IVAC constitute a VAE
and are intended for public-reporting purposes.18 Once these
conditions have been met, varying levels of microbiolog-
ical evidence that appear within 2 d prior to or following
deterioration in pulmonary function are used to make a
diagnosis of either possible or probable VAP (Fig. 3).
Both possible and probable VAP will likely be limited to
intra-institutional quality-improvement measurements.

Initial Studies on Ventilator-Associated Event
Surveillance

So with VAE surveillance, we do not know what
we are detecting or what to do about it, but we can
detect it faster and easier—Wunderink et al48

Several studies have assessed the likely impact of VAE
on public reporting. A retrospective 6-y study of 20,000
subjects at a large urban hospital and level I trauma center
reported the prevalence of VAC of between 5 and 10%
with a corresponding incidence density of between 10 and
16 cases/1,000 ventilator days for medical, surgical, and
neurologically injured subjects.48 The corresponding
IVAC rate was �2–4% with an incidence density of
4–7 cases/1,000 ventilator days. In a prospective surveil-
lance study of 2,300 subjects at 2 Dutch hospitals, the
prevalence of VAC was 7% with an incidence density of

10 cases/1,000 ventilator days, and that of IVAC was 3%
with 4.2 cases/1,000 ventilator days.52 Similar findings
were also reported in a 7-y retrospective study of the Mayo
Clinic’s medical ICUs with VAC and IVAC rates of 11%
and 4%, respectively,46 and in a retrospective multi-center
study of 1,320 subjects with VAC and IVAC prevalence of
�11% and 5%, respectively.53 Most importantly, VAE
captured a distinct subset of subjects who had higher mor-
bidity and mortality.53,54

There is a concern over of the wisdom of unlinking
VAP surveillance from clinical management of patients
with suspected VAP, particularly as improved antibiotic
stewardship has been projected as a potential benefit of the
new classification schema.48 The concordance between
VAE and VAP appears dubious. Klein Klouwenberg et al52

reported that the VAE algorithm captured, at best, only
32% of prospectively identified cases of VAP. Chang et al55

found a progressively weakened associated between VAE
criteria and VAP wherein VAC and IVAC captured 33%
and 24% of VAP identified by an expert review commit-
tee, respectively, whereas the agreement with possible and
probably VAP designations was only 12% and 1%. Like-
wise, Stoeppel et al56 reported that VAE definitions failed
to identify a substantial number of surgical subjects with
VAP because these subjects never had a period of sta-
ble/decreasing oxygenation requirements. These findings
are supported by other evidence that VAE underestimate
the incidence of pneumonia,46,53 thus reinforcing the long-

Fig. 3. Flow diagram for determining a ventilator-associated event.
WBC � white blood cells. BAL � bronchoalveolar lavage.
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standing controversy that surveillance data systematically
underestimate the clinical incidence of VAP.

As the evidence presented above suggests, the interpre-
tation and suitability of VAE for benchmarking hospital
quality of care have yet to be established. Moreover, be-
cause VAE reflect a broad range of clinical conditions, it
is currently unknown if any of the underlying causes lead-
ing to VAE can be affected by preventive measures.52 For
instance, a high incidence of VAE occurs on mechanical
ventilation days 3–4, which suggests that early VAE likely
represent the progression of underlying disease processes
and not necessarily a reflection of inadequate care.52,57,58

As an example, the pathologic evolution of pulmonary
contusion (itself a risk factor for pneumonia) typically
reaches peak pulmonary decompensation at �72 h post-
injury.59 Another issue is that the results of VAE moni-
toring will differ depending on whether data are collected
electronically or manually and particularly on the intensity
of electronic data capture.52

More importantly, retrospective studies suggest that VAP
prevention bundles do not affect the incidence of VAE.46,53,57

This is not unexpected, as VAE capture both infectious and
non-infectious causes of respiratory deterioration, as well as
infectious complications not emanating from the lungs. These
findings coincide with the National Quality Forum’s decision
to unendorse the Institute for Healthcare Improvement’s ven-
tilator bundle in 2013.49

Pathophysiology of Ventilator-Associated Pneumonia:
Microaspiration and Endotracheal Tube Design

VAP is directly related to the duration of mechanical
ventilation; the risk is �3%/d during the first 5 d, 2% on
days 6–10, and 1%/d thereafter.1,60 Late-onset VAP (oc-
curring on or after 5 d of mechanical ventilation) is caused
primarily by pathogenic Gram-negative bacteria associ-
ated with greater morbidity and mortality.61 It accounts for
62–73% of all cases, with the highest daily hazard rates of
2–4% reported to occur between days 6 and 8.61-63

Whether VAP can be eradicated requires discussion of
both VAP pathophysiology and ETT design limitations.
To begin with, terms such as VAP and VAE are unfortu-
nate misnomers. In the early 1960s, when modern me-
chanical ventilation was in its infancy, the ventilator cir-
cuit (which often included nebulizers for humidification)
was directly implicated in causing nosocomial pneumonia
and was referred to as a respirator lung.64 For decades
afterwards, the standard practice was to change ventilator
circuits on at least a daily basis. Over the past 30 years,
there has been extensive research into the role of the ven-
tilator circuit as a source of VAP. In essence, the ventilator
circuit plays a minor role in VAP, as: (1) it is the patient
(and the ETT) who invariably colonizes the circuit, and (2)
drastically reducing the frequency of circuit changes has

had no impact on the frequency of VAP.65,66 Rather, cli-
nician behavior in manipulating the circuit (eg, hand hy-
giene when breaking the circuit, care in handling resusci-
tator bags or circuit during disconnections) is the most
likely source of patient inoculation.66

The predominant source of VAP is chronic microaspi-
ration of oropharyngeal secretions pooled above the ETT
cuff that occurs in as many as 88–100% of intubated pa-
tients.67,68 These secretions accumulate in the subglottic
space and therefore cannot be effectively removed by suc-
tioning the oral cavity. The volume capacity of this space
is �10 mL, and the accumulation of large secretion vol-
umes (100–150 mL/d) has been reported.69 ETT cuffs are
typically made of polyvinyl chloride, which has limited
distensibility and therefore requires the cuff to be of a
diameter that, when appropriately inflated, is 50% greater
than the trachea (which is �20 mm).70,71 As a result, the
excess cuff volume forms longitudinal folds (microchan-
nels) into which, depending upon secretion viscosity, in-
fected oropharyngeal or gastric secretions chronically seep
and inoculate the lungs, even under conditions of clinically
excessive cuff-inflation pressures (50 cm H2O).32,68,72

The human trachea is a dynamic, distensible organ of
varying size, shape, and tone altered by drugs, posture,
head position, and the mere act of ventilation.73 It is es-
sentially impossible, despite obtaining a good cuff seal, to
fully prevent microaspiration. Moreover, unavoidable ETT
movement that occurs during routine care (and particularly
during intra-hospital transport) enhances microaspira-
tion.72,74,75 This is supported by evidence suggesting that
unavoidable movement of the ETT related to routine care
such as ETT repositioning is an independent risk factor for
VAP (odds ratio of 3.11, 95% CI 1.03–9.42, P � .04).76

Attaining a cuff seal that prevents gross aspiration around
the ETT requires intra-cuff pressures of 20–30 cm H2O.
When cuff pressure falls to 15 cm H2O, rapid fluid leakage
into the lungs may occur.74 Microaspiration also happens
during loss of PEEP during circuit disconnections and when
negative intrathoracic pressures develop during routine suc-
tioning.74,77,78 In addition, ETT cuffs slowly lose their vol-
ume from the effects of continuous positive intrathoracic
pressure and the imperfect, mass-produced, one-way valves
separating the pilot balloon from atmospheric pressure.
ETT cuffs require replenishing, often several times a day,
to maintain an adequate seal, thus signifying that some
degree of microaspiration is essentially unavoidable.

ETTs are made of polyvinylchloride plastics, to which
most bacteria readily adhere, and become partially or com-
pletely coated.79 Within days of endotracheal intubation,
the internal lumen of the tube is coated with biological
material (eg, mucoproteins, fibrin, blood cells) that patho-
genic bacteria and molds adhere to and that provides an
excellent medium for growth, as well as the potential for
enhanced virulence from comingling with other patho-
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gens.80,81 Moreover, in mechanically ventilated patients
receiving antibiotic therapy for pulmonary infections, bac-
teria growing within the biofilm are protected from anti-
biotics. In consequence, there is the potential for repeated
re-inoculation of the lower respiratory tract as bacterial
aggregates break off with routine suctioning or from sheer
forces during inspiratory gas flow.80

Small observational studies suggest that biofilm forma-
tion on ETTs may be a significant risk factor for VAP. In
one study, 80% of subjects with VAP were found to have
advanced (stage IV) biofilm within the ETT lumen.82 In
another study, the presence of contaminated biofilm in
subjects intubated for at least 8 d resulted in a 7-fold
increase in VAP risk.81 In a small prospective study on
subjects intubated for an average of 6 d, daily use of the
Mucus Shaver device to clean the internal lumen of the
ETT markedly reduced bacterial colonization compared
with controls (8% vs 83% colonization, P � .001).83 Al-
though not significant, the VAP rate was also lower (8%
vs 25%).

Modifiable Risk Factors for Ventilator-Associated
Pneumonia

Endotracheal Tube Design and Monitoring

Specialized ETTs allow suctioning of the subglottic space
above the cuff, and a recent meta-analysis reported a 50%
reduction in VAP risk using subglottic drainage tubes.32

Some newer tube designs have also incorporated an ultra-
thin (7 �m) polyurethane cuff that greatly reduces fluid
leakage in vitro.67 Combining subglottic drainage tubes
with the polyurethane cuff design decreased VAP by 64%.72

A recent meta-analysis of 13 randomized clinical trials
estimated a risk reduction of 45% and delayed onset of
VAP by an average of 2.7 d in those managed with sub-
glottic drainage tubes.84

Laboratory studies have consistently demonstrated that
polyurethane-cuffed ETTs (and similarly designed silicone
cuffs) are superior to standard polyvinyl cuffs in minimiz-
ing fluid leakage.70,71,75,85-87 Significantly reduced microas-
piration has been reproduced in clinical trials,75,78 coincid-
ing with significant reductions in VAP (26–45% relative
decrease).88-90 However, others have not been able to dem-
onstrate the superiority of polyurethane-cuffed ETTs in
reducing microaspiration.91 Use of specialized ETTs may
be of particular benefit in trauma and acute brain injury
patients. These patients often require frequent intra-hospi-
tal transportation, which, in itself, is independently asso-
ciated with a 3–5-fold increased risk for VAP.92,93 Thus,
despite the best designed ETTs to date, VAP can be re-
duced substantially, but not eliminated.

Under-inflation (� 20 cm H2O) of ETT cuff pressure is
an independent risk factor for VAP.94 Continuous moni-

toring and control of tracheal cuff pressures have been
shown to maintain adequate ETT cuff pressure and reduce
the incidence of both microaspiration and VAP.95,96 In
these studies, automatic control of ETT cuff pressure main-
tained between 20 and 30 cm H2O in 98–100% of obser-
vations reduced the incidence of VAP by 51–62%. Among
controls, the percentage of subjects with incidences of
ETT cuff pressure of � 20 cm H2O ranged from 9 to 55%.
Although maintaining adequate ETT cuff pressure is im-
portant in reducing microaspiration, it cannot eliminate the
risk, as other unavoidable factors such endotracheal suc-
tioning and patient movement contribute to the problem.95

Noninvasive Ventilation

By obviating the need for endotracheal intubation, non-
invasive ventilation (NIV) should diminish the incidence
of VAP. Numerous studies of NIV have reported the in-
cidence of VAP, usually as a secondary outcome. A meta-
analysis of these studies found that NIV substantially de-
creased the risk of VAP compared with invasive mechanical
ventilation (odds ratio of 0.15, 95% CI 0.04–0.58,
P � .006).97 An extensive 3-y surveillance study involving
�790,000 critically ill subjects compared VAP rates of
those managed with invasive mechanical ventilation or
NIV and those not requiring mechanical support.98 Of the
6,869 cases of nosocomial pneumonia, 85% occurred in
those requiring invasive mechanical ventilation compared
with 2% associated with NIV and 13% in those not re-
quiring mechanical assistance. Unfortunately, NIV is ap-
propriate in a circumscribed patient population with acute
respiratory failure (eg, COPD exacerbation, cardiogenic
pulmonary edema), which limits its utilization as a strat-
egy for reducing VAP.

Weaning and Sedation Strategies

As discussed above, VAP is directly related to the du-
ration of mechanical ventilation. Late-onset VAP accounts
for both the majority of cases and the greatest associated
morbidity and mortality,61 with the highest risk occurring
between days 6 and 8 of mechanical ventilation.61-63 In the
early 1990s, the average duration of mechanical ventila-
tion was 7–12 d, with an additional average of 3–5 d for
weaning using various techniques driven by protocols.99 In
a contemporaneous survey of clinicians, the average du-
ration of weaning ranged from 5 to 18 d, with the longest
duration associated with synchronized intermittent man-
datory ventilation combined with pressure support venti-
lation.100 However, more contemporary studies have re-
ported that the average duration of mechanical ventilation
now is �5–7 d.45,46,101-103 This invites speculation that the
incidence of VAP likely was much greater before modern
weaning and sedation practices.
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Daily sedation interruptions or spontaneous breathing
trials are core aspects of the VAP bundle and have been
demonstrated to significantly reduce the average duration
of mechanical ventilation by 1.5–3 d.99,101,103,104 If one
assumes a 2-d incubation period from inoculation to VAP
onset, then lowering the average duration of mechanical
ventilation from 6 or 7 to �4 d might further reduce the
incidence of VAP, yet the direct impact of daily sedation
interruption and spontaneous breathing trial strategies on
the incidence of VAP has not been rigorously studied.
Observational studies from both medical and surgical ICUs
have reported that spontaneous breathing trials and target-
ed/daily sedation interruptions (irrespective of other VAP
prevention measures) reduced the prevalence of VAP from
�15 to 5%. This corresponded with a decrease in the mean
duration of mechanical ventilation to fewer than 5 d.105,106

In another study, targeted sedation reduced the average
duration of mechanical ventilation from 10.3 to 4.4 d with
a corresponding trend toward reduced VAP from 20.4 to
8.3% (P � .10).107

Semirecumbent Positioning

Perhaps no other aspect of the VAP bundle is as em-
blematic of the evidence-based limitations of VAP pre-
vention as patient positioning. Supine mechanically ven-
tilated subjects with nasogastric tubes had a substantially
higher incidence of aspirating orogastric secretions and
microbial colonization compared with subjects managed
in the semirecumbent position with head-of-bed elevated
to 45°.108 Nonetheless, there continued to be a substantial
incidence (32%) of lower airway colonization when sub-
jects were positioned at 45°. Others have reported no dif-
ference in the incidence of gastroesophageal reflux (54%)
into the oropharynx in mechanically ventilated subjects
with nasogastric tubes who are placed in a supine versus
semirecumbent position with head-of-bed elevated to 30–
45°.109

Drakulovic et al110 reported a significantly higher inci-
dence of confirmed VAP (23% vs 5%, P � .02) when
comparing supine to semirecumbent position at 45°. More-
over, there was significant interaction between enteral feed-
ing and supine positioning and the incidence of VAP. The
authors emphasized the importance of nasogastric tubes in
facilitating gastroesophageal reflux by compromising lower
esophageal sphincter function. Although smaller nasogas-
tric tubes are thought to interfere less, it appears that na-
sogastric tubes with inner diameters of 3–6 mm neither
prevented nor reduced gastroesophageal reflux or microas-
piration in mechanically ventilated subjects in the semire-
cumbent position.111

Unfortunately, the feasibility of maintaining critically ill
subjects semirecumbent at a head-of-bed elevation of 45°
was been found to be unachievable in a multi-center ran-

domized trial despite extraordinary oversight by research-
ers.112 Subjects in the intervention arm could be main-
tained only at 24–32° elevation, and compared with the
control arm (supine with head-of-bed elevated to 10–15°),
the incidence of confirmed VAP was not different (10.7%
vs 6.5%). Interestingly, there was no difference in the
actual head-of-bed elevation within each treatment arm
that could distinguish those who developed VAP from
those who did not.

A previous systematic review113 and meta-analysis114 of
3 clinical trials of subject positioning and VAP came to
opposite conclusions. The former found the evidence in-
conclusive whether semirecumbent positioning at 45° head-
of-bed elevation is either effective or harmful, whereas the
latter stressed that positioning subjects at 15–30° head-of-
bed elevation was ineffective, but positioning at 45° re-
duced clinically diagnosed VAP. The conclusions of the
meta-analysis were strongly criticized, however, based
upon the degree of heterogeneity between studies.115 The
authors of the meta-analysis conceded their own concern
regarding the heterogeneity and the limited number of stud-
ies from which to draw conclusions.116

Non-Modifiable Risk Factors for
Ventilator-Associated Pneumonia

Impact of Poverty and Homelessness

Public hospitals in particular treat a significant number
of patients who live in poverty, many of whom are home-
less. Lack of oral health leading to periodontitis and de-
cayed teeth is prominent among this population, with a
11.6–17.5-fold greater risk for oral disease.117-119 This pop-
ulation is commonly colonized with pulmonary pathogens
and has higher incidences of both community-acquired
and health care-associated pneumonia.120 In a study of the
homeless in Los Angeles, 58% had severe, untreated den-
tal caries.118 Sixty-five percent of ICU subjects had dental
plaque/oral mucosa colonized with pulmonary pathogens,
with an �10-fold increased risk for pneumonia during the
first 6 d of ICU stay.120

Oral chlorhexidine or topical antibiotic (selective de-
contamination) therapy has been reported to reduce the
incidence of nosocomial pneumonia by an average of 40%,
with the highest reduction (69%) reported in postoperative
cardiac surgery subjects.121,122 However, a recent meta-
analysis of oral chlorhexidine treatment suggests that it
does not reduce the incidence of VAP in the general ICU
population.123 Irrespective of these findings, the extent to
which oral care with chlorhexidine would be effective in
patients with advanced periodontal/dental disease is un-
known.

Vulnerable populations are more likely to suffer from
chronic malnutrition, which also is a significant risk factor
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for VAP. Admission serum albumin below 2.2 g/dL is
associated with a 6-fold higher incidence of VAP.124 Cu-
mulative energy deficits among mechanically ventilated
medical ICU subjects have been associated with increas-
ing risk of VAP from 3- to 16-fold as energy deficits rise
from 30 to 67%.125

Traumatic Injuries

Because of the complexity of caring for patients with
traumatic injury, the VAP bundle is not always practical,
and adherence fluctuates over time.9 VAP bundle adher-
ence was less frequently achieved in those with more se-
vere injuries (Injury Severity Scores of � 25).9 Further-
more, VAP prevention measures are unlikely to be effective
in some patients, particularly the subset of surgical/trauma
patients with extensive abdominal pathology, as many have
abdominal compartment syndrome. These patients have an
inordinate number of risk factors for VAP: (1) they typi-
cally require frequent transportation outside the ICU; (2)
they often can be placed only in a supine position; (3) they
frequently require an oro- or nasogastric tube; (4) they
have decreased bowel motility and subsequent coloniza-
tion with pathogenic organisms; and (5) they are suscep-
tible to gastric reflux, which is further enhanced by ele-
vated intra-abdominal pressure.126,127 Even when patients
requiring an oro- or nasogastric tube can be positioned
optimally, gastroesophageal reflex cannot be prevented in
mechanically ventilated patients.127 Therefore, the risk for
microaspiration of contaminated gastric secretions cannot
be fully prevented despite meticulous oral care. Moreover,
even the radical therapy of selective digestive decontam-
ination, whereby the entire aerodigestive tract is decon-
taminated by combined topical and parental prophylactic
antibiotic therapy, generally reduces the risk of developing
VAP by �50%.126

Brain injury and other forms of trauma are recognized
to cause immunosuppression and therefore increase the
risk of VAP.128,129 When traumatic brain injury occurs in
the context of other traumatic injuries, the prevalence and
incidence of VAP are higher (30% vs 23%, 28.2 vs 22.5
cases/1,000 ventilator days).130 Immunosuppression in gen-
eral increases the risk of VAP by a factor of 2.5.131 In
addition, factors common in neurosurgical/trauma patients,
such as blood transfusions,132 blunt chest trauma,40 aggres-
sive fluid resuscitation,133 and loss of consciousness lead-
ing to aspiration, are all risk factors for VAP.

Furthermore, ARDS carries a substantial risk for devel-
oping VAP.134,135 Although some risk is related to the
prolonged duration of mechanical ventilation, damage to
the lung architecture from severe inflammation as well as
macrophage dysfunction may increase the vulnerability of
these patients to VAP.1 The incidence of VAP in patients
with ARDS has ranged from 15 to 60% (average of 38%),

yet evidence suggests that lung-protective ventilation may
be decreasing the incidence (29%).136 Similar to other stud-
ies, the daily hazard for VAP in ARDS is most pronounced
between days 6 and 10.136 Moreover, recent evidence sug-
gests an inter-related genetic predisposition in some crit-
ically ill patients toward developing both VAP and
ARDS.137

Do Zero Ventilator-Associated Pneumonia Rates
With Bundled Care Possess Evidence-Based

Credibility?

100% compliance does not guarantee 100% preven-
tion—Croce et al9

That a zero VAP rate has been reported with adherence
to the VAP bundle provides prima face justification for
regulatory bodies and insurance companies to declare VAP
a preventable and non-reimbursable event. Some of the
most frequently cited studies supporting the achievement
of zero VAP are based upon surveillance data from one
private hospital in São Paulo, Brazil.138,139 However, even
these studies were able to reach a zero VAP rate for only
a few months when ventilator bundle adherence was
� 95%.139 In contrast, the first prospective multi-center
study (in a predominantly medical ICU setting) linking
bundled preventive care with VAP reduction demonstrated
that 95% adherence produced a 59% decrease in VAP,
whereas ICUs reporting at least a 20% improvement in
VAP bundle adherence had a 45% decrease in VAP.140 In
other words, a nearly 5-fold increase in bundle adherence
was required to yield a 14% absolute (31% relative) im-
provement in VAP reduction.

Further misconceptions regarding the plausibility of a
zero VAP rate may have been introduced by the Michigan
Keystone collaborative report, wherein the reduction in
median cases of VAP from 6 to 0 was emphasized.141 In
contrast, the corresponding mean VAP incidence decreased
by 49% from 6.9 to 3.4 cases/1,000 ventilator days. Inter-
estingly, the �75% bundle adherence achieved happened
in the context of ICUs being encouraged to conduct qual-
ity-improvement evaluations at one reference time point,
twice per week during morning rounds. This introduced
the likelihood of bias toward higher bundle adherence than
would be expected with unplanned, random assessments
over a 24-h period.

In contrast, a European study of VAP bundle care chose
to record the lowest daily adherence and found a 25%
relative reduction in VAP (15.5 to 11.7%, 12.9 to
9.3 cases/1,000 ventilator days) despite an overall nadir
adherence of � 30%.142 These investigators found that not
all bundle measures had equal impact on VAP reduction.
For example, adherence to hand hygiene reduced the risk
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of developing VAP by 65%, compared with monitoring
ETT cuff pressure (79%) and oral hygiene (77%). More-
over, this study challenged the conventional all-or-nothing
assumption on the effectiveness of the VAP bundle.

The legitimacy of inter-facility comparisons of VAP
rates necessarily assumes that case mixes with varying risk
factors can be controlled for during analysis. In reality,
this requires laborious patient-based data collection and is
of questionable feasibility. Stated differently, can VAP
rates reasonably be reduced in hospitals serving high-risk
patient populations if these institutions could perform pre-
ventive measures at a very high rate? A recent European
study using surveillance data from over 78,000 subjects in
525 ICUs attempted to answer this question.143 The pro-
jected VAP rates were based upon the top-tenth percentile-
ranked ICUs reflecting the lowest infection rates. When
adjustments were made for case mixes, hospitals with the
highest infection rates were projected to prevent �52% of
their VAP cases, which is similar to other published esti-
mates,144 as well as recently published data from the Cal-
ifornia Partnership for Health.145

Summary

The most common of all follies is to believe pas-
sionately in the palpably not true. It is the chief
occupation of mankind.—HL Mencken

Taken together, the evidence presented in this review
suggests that significant reductions in VAP are possible
and that the goal of reducing VAP by 50% or greater is
realistic. However, exaggerated claims of eradicating VAP
are harmful both to clinical science and public policy dis-
course alike. For example, the Institute for Healthcare Im-
provement 5 Million Lives Campaign stated that 25 par-
ticipating facilities self-reported having “gone over a year
without a ventilator-associated pneumonia…demonstrating
that this sort of complication is avoidable and is not inev-
itable.”17 However, these facilities represented � 1% of
the Institute for Healthcare Improvement’s participating
institutions and whose patient population was not described.
The popular promotion of zero VAP deviates from the
principles of evidenced-based practice. Some have opined
that because human lives are at stake, there is an under-
standable tendency for critical interpretation of data to be
“eclipsed by the immediate need to do something.”49 This
is a generous but ultimately facile explanation, particularly
given the pervasive and enthusiastic embracing of zero
VAP within a wide swath of the health-care community.

There are striking similarities between the fervent belief
that VAP can be eradicated and the phenomenon social
scientists refer to as mass conversion disorder.146,147 More
commonly known as collective delusion, it has a storied

history in human culture.148,149 In essence, when a social
group perceives an external threat, it may in turn misper-
ceive common phenomena as suddenly threatening, result-
ing in false attributions and irrational decisions. Irrational-
ity is defined as “coming to conclusions that cannot be
justified by current knowledge.”150 Social delusions can be
exacerbated by the reinforcing behaviors of external enti-
ties, such as companies marketing products to prevent VAP,
as well as self-promoting public advocacy groups. In this
regard, it cannot escape notice that the Institute for Health-
care Improvement’s 5 Million Lives Campaign functioned
as a fundraising tool.17

Health care in the United States has been under eco-
nomic pressure for decades, which has only intensified
with the looming prospect of an aging baby-boomer gen-
eration. The current efforts to reduce patient harm and
costs are refreshing, laudable, and necessary. Unfortunately,
this becomes problematic when the desire to improve pa-
tient care either distorts or ignores the principles of evi-
dence-based practice and unwittingly threatens the repu-
tation and economic viability of hospitals. It is a welcomed
sign that, in the face of mounting opposition, regulatory
agencies have temporarily backed away from imposing
draconian measures regarding VAP. However, members
of the health-care professions themselves unintentionally
contributed to this problem through a lack of appropriate
skepticism. This should give pause for collective self-re-
flection.
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